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Abstrect:

This study examines the biological activity of essential oils extracted from the plant Ori-
ganum Majorana L., known for its medicinal properties. A sample was selected from the Ak-
fadou region in the EI Oued province. Gas Chromatography-Mass Spectrometry (GC/MS) analy-
sis revealed an essential oil production rate of 1.45%. Purity was confirmed through chromatog-
raphy, ultraviolet (UV) spectroscopy, and cyclic voltammetry tests. The main objective is to
evaluate the anticancer activity of the essential oil of Origanum Majorana L. through experi-
mental and computational methods, including theoretical molecular docking.

Origanum Majorana L. plants have a long history of medicinal use, prompting exploration
of their therapeutic potentials. This study focuses on evaluating their anticancer properties,
which are crucial for developing new treatments. In the experimental analysis, cyclic voltamme-
try (CV) was used to monitor the anticancer activity of the essential oil using DNA and BSA.
UV spectroscopy and circular dichroism were employed to validate the results. The essential oil
showed significant anticancer activity with DNA (AG = -26.55 kJ/mol) and BSA (AG = -30.60
kJ/mol), confirmed by UV spectroscopy and circular dichroism (AG DNA = -26.89 kJ/mol and
AG BSA = -32.39 kJ/mol). Among the compounds of the essential oil identified by GC/MS were
santolina triene and sabiene.

In the computational part, we obtained results similar to the experimental part, with the es-
sential oil showing results with DNA (AG = -5.569) and BSA (AG = -6.479). Among the com-
pounds present at more than 1% is Alpha-pinene.

The essential oil of Origanum Majorana L. shows significant anticancer activity, warrant-
ing further research into its therapeutic mechanisms and clinical applications. Molecular dynam-
ics simulations (MDS) were conducted for the main compound to show the best IFD score of
Trans-thujone in complex with BSA. The primary objective of these MDS efforts was to subject
the receptor-ligand complex to physiological conditions, an achievement that is challenging to
realize through the limitations of molecular docking.

Keywords: Origanum Majorana L, essential oils, DNA, bovine serum albumin (BSA),
GC/MS (gas chromatography-mass spectrometry), anticancer activity, cyclic voltammetry (CV),
theoretical molecular docking, molecular dynamics simulations (MDS), Alpha-pinene, Trans-

thujone.




Resume:

Cette étude traite de l'activité biologique des huiles essentielles extraites de la plante Ori-
ganum Majorana L., connue pour ses propriétés médicinales. Un échantillon a été prélevé de la
région d'Akfadou dans la wilaya d'El Oued. L'analyse par chromatographie en phase gazeuse
couplée a la spectrométrie de masse (GC/MS) a révélé une production d'huile essentielle a un
taux de 1,45 %. La pureté a été confirmée par des tests de chromatographie, des tests aux rayons
ultraviolets et des tests de voltampérométrie cyclique. L'objectif principal est d'évaluer l'activité
anticancéreuse de I'huile essentielle d'Origanum Majorana L. a travers des méthodes expérimen-
tales et computationnelles, y compris le docking moléculaire théorique.

Les plantes Origanum Majorana L. ont une longue histoire d'utilisation médicinale, ce qui
pousse a explorer leurs potentiels thérapeutiques. Cette étude se concentre sur I'évaluation de
leurs propriétés anticancéreuses, essentielles pour le développement de nouveaux traitements.
L'analyse expérimentale a utilisé la voltampérométrie cyclique (CV) pour surveiller I'activité an-
ticancéreuse de I'huile essentielle en utilisant I'ADN et la BSA. L'analyse spectroscopique aux
rayons ultraviolets et la dichroisme circulaire ont été utilisées pour valider les résultats. L'huile
essentielle a montré une activité anticancéreuse significative avec I'ADN (AG = -26,55 kJ/mol)
et la BSA (AG = -30,60 kJ/mol), confirmée par l'analyse spectroscopique aux rayons ultraviolets
et la dichroisme circulaire (AG ADN = -26,89 kJ/mol et AG BSA = -32,39 kJ/mol). Parmi les
composés de I'huile essentielle identifiés par (GC/MS) se trouvent le santolina triene et le sa-
biene.

Dans la partie computationnelle, nous avons obtenu des résultats similaires a la partie ex-
périmentale, avec I'huile essentielle présentant des résultats avec I'ADN (AG = -5,569) et la BSA
(AG = -6,479). Parmi les composés présents a plus de 1 % se trouve I'Alpha-pinéne.

L'huile essentielle d'Origanum Majorana L. montre une activité anticancéreuse significa-
tive, nécessitant des recherches supplémentaires sur ses mécanismes thérapeutiques et ses appli-
cations cliniques. Des simulations de dynamique moléculaire (MDS) ont été menées pour le
composé principal afin de montrer la meilleure affinité de docking (IFD) du Trans-thujone en
complexe avec la BSA. L'objectif principal de ces simulations MDS était de soumettre le com-
plexe récepteur-ligand & des conditions physiologiques, un exploit difficilement réalisable par les
limites du docking moléculaire.

Mots-clés : Origanum Majorana L, huiles essentielles, ADN, sérum albumine bovine
(BSA), GC/MS (chromatographie en phase gazeuse et spectrométrie de masse), activité antican-
céreuse, voltampérométrie cyclique (CV), docking moléculaire théorique, simulation de dyna-

mique moléculaire (MDS), Alpha-pinéne, Trans-thujone.
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General Introduction

The use of medicinal plants to treat diseases dates back thousands of years, and is evidence
of the constant pursuit of natural therapeutic solutions. In recent decades, the rise in cancer inci-
dence worldwide has seen an increase in intense research into innovative and effective treat-
ments. Among these treatments, medicinal plants have been increasingly recognized thanks to
their potential anti-cancer properties, prompting scientific researchers to carry out extensive sci-
entific investigations with the aim of verifying and exploiting these capabilities (Newman and
Cragg.,2020). Evaluation of medicinal plants for their anti-cancer properties is a popular topic in
research. Scientific research due to the great potential it provides in natural treatments. These
studies analyze various aspects related to medicinal plants, including their effect on cancer cells
and their mechanisms of action, in addition to evaluating the safety of their use and pharmacoki-
netic properties.

In vitro analysis involves evaluating the ability of plant compounds to kill cancer cells or
inhibit their growth, using a variety of cellular and molecular tests. For example, assays of iso-
lated cancer cells can be used to evaluate the effect of plant compounds on the growth of cancer
cells compared to normal cells.

In terms of ADMET modeling, these studies aim to understand how plant compounds affect
absorption, distribution, metabolism and excretion and to evaluate their potential safety and ef-
fectiveness in the body. This analysis involves determining the physicochemical properties of
plant compounds and estimating their potential distribution in tissues and biological fluids.

In molecular docking analysis, chemical interactions between plant compounds and mo-
lecular targets in cancer cells are studied, which helps to understand mechanisms of action and
choose appropriate targets for treatment.

As for molecular dynamics simulations, they are used to analyze the movement and inter-
action of plant compounds at the atomic level, providing a deep understanding of their interac-

tions with cancer targets at the molecular level. (Newman and Cragg.,2020).
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I. Generalities about medicinal plants
1. Historical Overview of Medicinal Plants

The evolution of medicinal plant usage throughout history reflects a profound interaction
between human civilizations and the environment for obtaining food and medicine. This
knowledge, transmitted across generations, has played a pivotal role in the development of both
traditional and scientific medicine. Recent research highlights the significance of medicinal
plants as a crucial pharmaceutical resource across various cultures, and today's scientists face
major challenges in assessing the quality and safety of these plants. Preserving historical records
on the uses of medicinal plants and enhancing collaboration to utilize these resources in develop-
ing health care systems based on natural ingredients is increasingly emphasized in contemporary
research (Jamshidi-Kia et al., 2018).

On the other hand, a historical review published in "Pharmacogn Rev" indicates that heal-
ing with medicinal plants is as old as humanity itself. Human use of nature-derived medicines
dates back to ancient times, with documented evidence including written documents, preserved
landmarks, and even original botanical medicines. Contemporary sciences have recognized the
efficacy of these plants and included them in modern pharmacotherapy, thus enhancing the ca-
pability of pharmacists and physicians to address contemporary health challenges (Biljana Bau-
er &Petrovska .,2012).

2. Definition of Medicinal Plant

The term "medicinal plants” refers to a diverse array of plants utilized in herbal therapy,
often distinguished by their pharmacological properties. These plants serve as a rich source of
active compounds utilized in the development and manufacturing of pharmaceuticals. Further-
more, these plants play a pivotal role in shaping human cultures across epochs and various geo-
graphical regions. (Rasool et al.,2012).

A medicinal plant is defined as any plant containing, in one or more of its parts, substances
that can be utilized for therapeutic purposes or considered as raw materials for semi-synthetic
pharmaceutical synthesis. When a plant is classified as medicinal, it signifies that the mentioned
plant is beneficial as a medicine, therapeutic agent, or active component in pharmaceutical prep-
aration. Herbal medicines are in high demand in both developed and developing countries for
primary healthcare due to their broad spectrum of biological and medicinal activities, high safety
margins, and lower costs (Yudharaj et al., 2016).

3. Basis of Classification of Medicinal Plants:

Medicinal plants have always played a pivotal role as sources of pharmacologically active

compounds. Early humans, driven by instinct, taste, and experience, treated their ailments using
5



Part I: Bibliographic synthesis Chapter I: Medicinal plants
-]

plants, making the history of medicinal plants as long as human history itself. One of the chal-
lenges facing the evolution of medicinal plants is their classification. Over the years, taxonomists
have developed various methods for plant classification, including morphological, anatomical,
and chemical classifications. The first two methods fall under traditional classifications, while
the third approach represents a modern approach to plant classification. The concept of classify-
ing medicinal plants based on their chemical nature is not new, but over time, it has faced more
limitations than possibilities. This chapter discusses how medicinal plants are classified, how
information related to their chemical constituents can be used for classification, the problems
associated with classification, and useful applications (Singh & Geetanjali ,, 2018).
4. Source of Medicinal Plants

Medicinal plants can be obtained from two main sources. The first source is wild plants,
where numerous species grow in valleys, plains, and forests. This may suffice for some plants,
such as the yucca plant, which grows wild in countries in central Africa. The second source for
obtaining medicinal plants is through cultivation, where pharmaceutical companies or investment
institutions establish specialized farms to produce specific varieties or types needed by the local

or international market in specific quantities .(Jamshidi-Kia et al .,2017)
I1. Studied plants
1. Origanum Majorana L

1.1.  Definition of Origanum Majorana L

The name Origanum originates from the Greek words "oros,"” meaning mountain, and
"gonos,"” meaning brightness, thus it became known for its delightful presence in mountainous
regions around the Mediterranean basin. (Prena & Neeru 2015). Origanum Majorana L, com-
monly known as Majorana, is a perennial herb. (VagiE et al., 2002) .It is distinguished taxonom-
ically and morphologically, with forty-nine classifications divided into subgroups distributed
around the Mediterranean Sea. This herb is widely known as Marjoram and is native to Anatolia
(Turkey) and nearby regions, and it is also found in parts of the Mediterranean region, especially
Egypt . (Novak et al ., 2002). Marjoram was initially used by Hippocrates as an antiseptic agent.
It is an effective remedy for respiratory infections, coughs, and throat inflammation. ( Brem-
nessL., 1994.) ( Yazdanparast et al., 2008)
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1.2.  Classifiction

Table 1: Classification of Origanum Majorana L plant

Species Majorana L
Type Origamum
Family Lamiaceae
Order Lamiales

Class Mangnoliopsida
Branch Mangnoliophyta
Reign Plants

Picture 1: Photography of Origanum Majorana L

1.3.  Geographic Distribution of Origanum Majorana L

Origanum Majorana L., also known as Marjoram, is native to Turkey and Cyprus and has
spread from there to countries around the Mediterranean Sea basin (such as Lebanon), Iran,
North America, the Arabian Peninsula, and India. It grows on sunny slopes in meadows, fields,
and rocky lands in various climates. It is extensively cultivated in the southern regions of Saudi
Arabia .

1.4.  Previous studies on plants of Origanum Majorana L

The chemical composition and mineral elements of marjoram leaves were estimated, and
the percentage content of moisture, protein, fat, ash, and carbohydrates was
(5.7/66.3/18.7/84/6.6), while the element concentrations were 0.01/0.65.1/0.039/0.49 parts per
million. Respectively, the effective mineral aggregates (Ba. Fe. K. Co. Na) were identified by
conducting qualitative tests on the aqueous and alcoholic herb extracts, as it was observed that
they contain tannins, phenols, flavonoids, soaps, carbohydrates, and alkaloids. Physical and

chemical tests were studied, such as burning and solubility, as it was observed that they partially
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dissolved inpolar solvents. Completely in non-polar solvents. (http://Imagerie-puces-a-
cellules.univ)The effect of ground herb leaves as a preservative was studied for beef at concen-
trations of (105) stored by refrigeration at 5 degrees Celsius for a period of 7-100 days. The
changes occurring in the pieces of meat were followed by estimating the peroxide number, where
the results showed a decrease in its value in samples treated with powdered herb leaves. In com-
parison with the fresh sample during the storage period, its effect on the logarithm of the num-
bers of kidney bacteria and coliform bacteria present in the meat at the same storage period and
previous concentrations was also studied. The results showed that the herb has a role in reducing
the numbers of microorganisms in samples of minced meat, as well as having antioxidant activi-
ty by prolonging the meat life of the pieces. the meat .
(Charai .,1996).
I11. Chemical and physical studies
1. Generalities about essential oils

Essential oils are highly concentrated plant extracts known for their aromatic properties
and cold pressing, therapeutic benefits. They are obtained through processes like distillation
or capturing the essence of the plant's fragrance and medicinal properties. These oils have been
used for centuries in various cultures for their healing properties, such as reducing stress,
research has also demonstrated their improving mood, and promoting relaxation. Scientific
inflammatory, and antioxidant effects-potential health benefits, including antimicrobial, anti.
(Worwood, 2016)

2. Hydrodistillation extraction :
Hydrodistillation is a widely-used method for extracting essential oils from plant materials.
In this process, the plant material is placed in a distillation vessel, either directly submerged in
water or contained within a mesh container to prevent contact with the vessel walls. The vessel,
typically made of non-corrosive materials like copper or glass, is heated, usually by a fire or an
electric heater. Hydrodistillation is particularly suitable for plants with high oil content in parts

such as roots, leaves, fruits, and certain flowers (Baser & Buchbauer, 2010).

3. Gas Chromatography-Mass Spectrometry (GC/MS) analysis of essential oils
The combination of gas chromatography and mass spectrometry allows for the simultane-
ous separation and analysis of components.
Different types of the compound mixture. The important development of mass spectrome-
try in identifying and discovering the components of perfumes and essential oils was made pos-

sible by linking Gas chromatography and mass spectrometry, as it became possible to obtain a
8
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clear mass spectrum for quantities A small amount of matter, ranging from micrograms to nano-
grams, is also possible thanks to this important innovation in mass spectrometry.

It has become the most sensitive technique for obtaining important data regarding the
structure of an unknown organic compound (Vagi et al., 2005)

Among the most widely used ionization methods in analyzing mixtures of compounds, we
mention:

— Negative Chimique lonisation(ICN)
— Negative Chimique lonisation (ICP)
— Electron impact ionization : lonisation Impact Electronic(IE).

The components of the mixture injected into the device pass through the column in their
gaseous state at different speeds and are held with retention times.

TR different according to their solubility in the stationary phase, then the components of
the complex mixture are separated inside the chromatography column.

In the ionization chamber, you are bombarded with a stream or flood of electrons with an
energy of about 70ev. This energy causes: different molecules are displaced or broken (fragmen-
tation), then the resulting positive ions head towards the analyzer (Magnétique or Quadripdle
)the obtained stray current is transformed into a

An electron that swells and expands to give a mass spectrum. (Chamblee, 1997).

4. Analysis of Essential Oils by UV-VIS Spectroscopy:

Recent studies have proven the important role of alternative medicine in medical applica-
tions, which prompted us to conduct a simple spectroscopic study of some of the natural oils
used. The study highlighted the UV-VIS analysis technique as a non-destructive and rapid
method to determine the absorption spectrum of some natural oils known for their medicinal
purposes. (Numan et al., 2024).

The UV-VIS analysis technique depends on measuring the amount of light absorbed by a
specific sample in the visible and ultraviolet spectrum range. This is done by directing a beam of
light through the sample, and then measuring the amount of light absorbed by the sample at each
wavelength. The absorption strength of a sample depends on the concentration of compounds
present in it and the wavelength used. Based on the measurements obtained, the composition of
the sample can be determined and the concentrations of various compounds in it can be estimat-
ed.

5. Electrochemical technology :

Oils involves the use of various electrochemical techniques to Electrochemical analy-

9
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sis of assess the composition, quality, and properties of oils. These techniques utilize the electr
cal properties of oil constituents to provide valuable insights into their chemical makeup. One
common electrochemical method is cyclic voltammetry, which measures the current response as
a function of applied voltage to study the redox behavior of oil components. Another technique
is electrochemical impedance spectroscopy, which characterizes the electrical response of oil
samples to alternating current across a range of frequencies, providing information about their
conductivity and capacitance properties. Electrochemical analysis offers several advantages, in-
cluding high sensitivity, rapid analysis times, and the ability to perform measurements directly
in the oil sample without extensive sample preparation. situ monitoring of oil -Additionally,
electrochemical techniques can be employed for in properties, making them valuable tools for
quality control and process optimization in industries such as food, pharmaceuticals, and cosmet-
ics (Brett, 2012).

10
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1. Abrief history of cancer

Cancer has a rich historical background that spans thousands of years. The earliest docu-
mented references to cancer date back to ancient Egypt, where evidence of tumors and growths
were found in skeletal remains dating back to around 3000 BCE. Ancient Egyptian texts, includ-
ing the Edwin Smith Papyrus and the Ebers Papyrus, describe cases that may have been cancer
and suggest early attempts at understanding and treating the disease. Throughout history, cancer
has been described and treated in various ways across different cultures and civilizations. In an-
cient Greece, the physician Hippocrates coined the term "carcinos" (meaning crab) to describe
tumors, and he proposed the theory that cancer arises from an excess of black bile. This theory of
the four humors, including black bile, yellow bile, phlegm, and blood, influenced medical
thought for centuries. The Renaissance period brought about advancements in anatomy and pa-
thology, leading to a deeper understanding of cancer as a disease of abnormal tissue growth. In the
19th century, with the advent of microscopy and cellular pathology, German pathologist Rudolf
Virchow proposed the theory that cancer originates from cells, laying the groundwork for mod-
ern oncology. The 20th century witnessed significant progress in cancer research and treatment.
Discoveries such as the identification of carcinogens, the role of genetic mutations in cancer de-
velopment, and the development of chemotherapy and radiation therapy revolutionized cancer
care. Today, ongoing research continues to expand our understanding of cancer biology, leading
to the development of targeted therapies, immunotherapies, and precision medicine approaches .
(Mukherjee, 2011).

2. Definition of cancer

Cancer is a complex and heterogeneous group of diseases characterized by uncontrolled
growth and spread of abnormal cells in the body. These abnormal cells, known as cancer cells,
have the ability to invade surrounding tissues and organs, disrupting their normal function. Can-
cer can arise in virtually any part of the body and can manifest in various forms, including solid
tumors (such as those found in the breast, lung, or colon) and
Hematological malignancies (such as leukemia and lymphoma). The development of can-
cer is often multifactorial and involves genetic, environmental, and lifestyle factors. Genetic mu-
tations can disrupt the normal regulation of cell growth and division, leading to the formation of
cancerous cells. Environmental factors such as exposure to carcinogens (such as tobacco smoke,
ultraviolet radiation, and certain chemicals) can increase the risk of developing cancer. Addition-

ally, lifestyle factors such as diet, physical activity, and tobacco use play a significant role in can-

cer
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Development. The hallmark characteristics of cancer include uncontrolled cell prolifera-
tion, evasion of cell death (apoptosis), sustained angiogenesis (formation of new blood vessels),
tissue invasion, and metastasis (spread to distant organs). Cancer is a leading cause of morbidity

and mortality worldwide, accounting for millions of deaths each year (ACS, 2021)

3. Causes of cancer

Cancer develops due to abnormal genetic changes in the body's cells, leading to uncon-
trolled and irregular cell growth. These alterations can be induced by environmental factors such
as smoking and exposure to radiation, coupled with genetic influences that may elevate the risk
of cancer. Numerous studies underscore the significance of a healthy lifestyle and dietary choic-

es in cancer prevention. (WHO, 2020)

4. Types of cancer
4.1. Breast cancer

Is a type of cancer that originates in the mammary tissue. It can start in one or both
breasts. Breast cancer usually occurs in women, but it can also affect men. Although most
breast lumps are benign and noncancerous, some benign tumors can increase your risk of devel-
oping breast cancer in the future. Any breast changes or lumps should be examined by a doctor

to determine their nature and whether they are serious or not. (Cossis et al .,2020).
4.2. Lung Cancer

Lung cancer develops in the tissues of the lungs, usually in the cells lining the air
passages. Smoking is the leading cause of lung cancer, but non-smokers can also develop it due

to exposure to secondhand smoke, radon gas, or other environmental factors. (ACS, 2021)

4.3. Colon cancer

Is a disease of the lining, which lines the inside of the colon or the rectum for rectal cancer.
Colorectal tumors generally develop from the lining that covers the walls of the colon and rec-
tum.Colorectal cancer takes several years to develop, about 9 to 10 years. It forms from the
transformation of a benign tumor, a polyp (fleshy outgrowth) that appears on the mucosa.
(Adrouny et al .,2002.)

13
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4.4, Prostate cancer

Is a type of cancer that develops in the prostate, a gland in the male reproductive system
that plays a key role in producing prostatic fluid, which contributes to the survival, maturation,
and movement of sperm. The function of the prostate depends on testosterone, a hormone pro-
duced by the testes, and its development begins at puberty. As men age, the prostate may be
prone to health issues such as benign prostatic hyperplasia, which can lead to difficulty urinating,
and prostate cancer, the most common cancer among men. ( Rawla &Prashanth .,2019).

4.5, Skin Cancer (Melanoma):

Skin cancer, including melanoma, develops in the cells of the skin. Risk factors include
sun exposure, indoor tanning, fair skin, history of sunburns, and family history of skin cancer.
Early detection and treatment are crucial for preventing the spread of melanoma.( Boukamp
&Petra .,2005).

5. Cancer diagnosis
The malignant transformation of cancer cells causes cancer as a result of the long-term ac-
cumulation of genes and genetic factors, known as epigenetic events. Early diagnosis of these

cell transformations is vital to improve the prognosis of disease and cancer. Cancer screening

methods include:

5.1. Histological Methods

Histological methods rely on microscopy to carefully examine tissues, and rely on clincal
data and investigation. These methods are considered the most valuable for accurate diagnosis,
as the diagnosis is made by comparing cytological features between benign and malignant tu-
mors. Benign tumors are defined by their similarity to normal tissue and their inability to in-
vade, while malignant tumors are defined by the presence of dedifferentiation of cells, and may
be accompanied by invasion and cytoskeletal deformity.

5.2. Cytological Methods:

These methods for diagnoss consist of study of cells shed off into body cavities and study
of cell by puttng afne neede introduced under vacuum into the eson (fine needle aspration cy-
tology FNAC).

5.3. Molecular Diagnostic Technique:

The group of molecular biologic methods in the tumour diagnostic laboratory are a variety

of DNA/RNADbased molecular technque in which the DNA/RNA are extracted from the cell and

then analysed.the molecuar methods in tumour dagnosis can be appliedin hematoogicas well as
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non-hematologcmalignancies by:
-Analysis of molecular cytogenetc abnormalities.
-Mutatonal analysis.
-Antigen receptor gene rearrangement and

-By study of the oncogenic viruses at molecular level.( Harika et al .,2015).

6. Cancer treatment
Encompasses a range of therapeutic modalities aimed at controlling or eliminating cancer-
ous cells in the body. These treatments may include surgery, chemotherapy, radiation therapy,
immunotherapy, targeted therapy, hormone therapy, and stem cell transplant. The choice of
treatment depends on factors such as the type and stage of cancer, as well as the patient's overall
health and preferences. Advances in cancer research have led to the development of innovative
treatments and personalized medicine approaches, improving outcomes for many cancer pa-
tients."(ACS., 2021).
7. DNA: A Molecular Target of Anticancer Drugs
The primary intracellular target of anticancer drugs is DNA. Newer, more effective drugs
that target DNA, damage cancer cells, inhibit cell division, or even kill them, could speed up the
drug discovery and development process. It has thus been found useful to study the interaction of
metallic compounds with DNA to better understand their pharmacological properties. As a re-
sult, complex mechanisms that explain the processes ranging from the production of lesions in
DNA to cell death are now available, opening promising prospects for the development of new,

more selective, and more effective anti-tumor agents. (Karoui et al., 2022).

8. The role of bovine serum albumin (BSA) in cancer treatment:

Nanotechnology is advancing at a great pace and is being used to treat, prevent and diag-
nose many diseases. Natural agents (drugs/polymers) are believed to be preferable because they
have greater biological safety, biodegradability and negligible toxicity. Therefore, they are being
investigated to make nanomaterials safer and eligible for clinical translation. Albumin, a globu-
lar protein, is important in this regard due to its properties such as biocompatibility, biodegrada-
bility, immunogenicity, non-toxicity, water solubility, cost-effectiveness, and tumor targeting
ability. Albumin was previously used as a plasma volume expander but has now emerged as a
potential drug carrier and delivery vehicle. Albumin finds many applications such as therapeutic
agents, biosensors, contrast agents, implants, etc. Albumin nanoparticles have been developed to

target cancer(Maurya et al .,2021)..
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9. Essential oils ans cancer
There is no research that proves that essential oils have a significant ability to treat cancer,
S0 you cannot Let's say that 100 percent, despite the history of natural oils, a lot of studies have
been done that... Conducted on the effect of aromatherapy. Chemical treatments greatly affect
the body, making it feel a lot of fatigue, pain, nausea, constipation, and diarrhea. They also make
the skin dry, but essential oils have the ability to help with these diseases, and they can also be

One of the factors that help fight cancer cells. (De Sousa et al .,2015).
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1. Introduction
This study was conducted collaboratively between two specialized laboratories: the Valori-
sation and Technology of the Saharian Resources Laboratory (VTRS) at the Faculty of Exact
Sciences, Department of Chemistry, University of El Oued, and the Centre de Recherche Scien-
tifique et Technique en Analyses Physico-Chimique (CRAPC) in Ouargla, Algeria. The VTRS
lab facilitated essential oil extraction, conducted in vitro and in-silico assays. Meanwhile, CRAPC
handled the precise GC/MS analysis of the extracted oils. This collaborative effort ensured thor-

ough and accurate experimentation, combining expertise and resources from both institutions.
2. Plant Material

2.1. Origanum Majorana L
The Origanum Majorana L plant was harvested at different time intervals extending from

March 2023 to April 2023 in a desert forest area in southeastern Algeria, specifically in Akfadou
region in El Oued province. This region is characterized by the following specifications:

< Geographic Coordinates: Longitude 67°6' East, Latitude 33° North.

< Elevation above Sea Level: 58 meters.

» Distance from Sea Level: 300 kilometres.

= Bioclimatic Characterization: Desert.

3. Chemicals and reagents

Bovine Serum Albumin (BSA):

A solution of BSA, obtained from the educational laboratory of the biology faculty, was used
as is without purification to achieve a concentration of 250 mg/50 ml in a phosphate saline buffer
solution (pH = 6.33).

DNA Extraction Reagents:

Blood: Chicken blood was collected and kept directly on ice for DNA extraction.

Red Blood Cell Lysis Buffer (TLR): Prepared by mixing EDTA (0.1mM), NaHCO3 (12mM),
NHa4CI (155mM) in distilled water.

White Blood Cell Lysis Buffer (TLB): Prepared by mixing NaCl (50mM), EDTA (100mM),
Tris (10mM) at pH=7.42.
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SDS Solution (20%): Prepared by mixing 2mg of sodium dodecyl sulphate in 10ml of dis-
tilled water.
Saturated NaCl Solution: Prepared by mixing 7g of sodium chloride in 10ml of distilled

water.

Phosphate Buffer Solution:

The phosphate buffer saline solution was meticulously prepared using sodium dihydrogen
phosphate and disodium hydrogen phosphate (Sigma Aldrich) in conjunction with double- dis-
tilled water and KCI. The pH was meticulously maintained at 6.4 through the utilization of this

phosphate buffer.
4. Materials and Methods
4.1. Essential Oils Extraction

4.1.1. Apparatus:
The essential oil extraction process required the use of specialized equipment to ensure
accuracy and efficiency. In this study, the following apparatus was utilized:
v Adventurer — Pro AV53 sensitive balance
Heating flask
Refrigerant
Clevenger apparatus

Separating funnel

NN

Rotary evaporator

The Clevenger apparatus, a key component in the extraction process, is depicted in Figure
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Figure2. Schematic representation of the Clevenger apparatus used in the essential oil ex-

traction process (Biswa et al., 2023)

4.1.2. Procedure:
The procedure for essential oil extraction involved a series of meticulous steps to ensure
optimal results. The extraction process was conducted as follows:
v" Cleaning of the plant sample to remove any impurities.
v" Weighing the plant sample to a quantity of 100 g using a sensitive balance.
v" Washing the plant sample with water to prevent burning, followed by placement in a heat-
ing flask.
v" Addition of small pieces of boiling regulator to the flask.
v" Direct heating of the mixture at a temperature of 100 degrees Celsius for three and a half
hours.
v Conducting the steam distillation process and subsequent separation of oil and water phas-
es using liquid-liquid separation with diethyl ether.
v" Drying of the organic oily phase with anhydrous sodium sulphate.
v' Filtration of the dried oil phase through filter paper to remove diethyl ether particles.
v' Evaporation of the filtered oil phase using a rotary evaporator to remove any remaining or-
ganic solvent.

v’ Storage of the obtained essential oil in small brown bottles and refrigeration at a tem-
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perature of 5°C.
4.2.  Yield of Essential Oil Extraction
Two distinct methodologies are commonly employed to ascertain the yield of essential oil

extraction, each offering unique perspectives on the efficiency of the process.

4.2.1. Volumetric Yield - Mass-based (Naima et al., 2019)

This method entails an assessment of the mass of the utilized plant material intended for
essential oil extraction, juxtaposed against the volume of the resultant oil. The yield is then
computed utilizing the following

Equation 1:
Veo (ml)

=9'mo ()

Where: Reo: Essential oil yield, mo: Mass of the utilized plant sample, Veo: Volume of

R =

the extracted essential oil

4.2.2. Mass-based Yield - Mass-based (Larbi et al., 2018)
Alternatively, the essential oil extraction yield is defined as the quotient of the mass of the
extracted essential oil and the mass of the plant material utilized. This yield is calculated using

Equation 2:

© m(s)

Where: Reo: Essential oil yield, mo: Mass of the utilized plant sample, meo: Mass
of the extracted essential oil
These methodologies have been systematically applied to derive essential oil yields for all
examined plant specimens.
4.3.  Characterization of Essential Oils:
The characterization of essential oils comprises two fundamental components: physico-

chemical properties and Gas Chromatography-Mass Spectrometry (GC/MS) analysis.

4.3.1. Physicochemical Properties:

Here, we delve into the fundamental traits of essential oils, including their relative density,
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acidity, ester content, and refractive index. These properties offer valuable insights into the

composition and behavior of essential oils, helping us understand their chemical makeup and

how they interact with their environment (Atti-Santos et al., 2005).

> Relative Density (AFNOR NF T75-111 Standard):
At 20°C, 1 mL of the essential oil is measured using a pipette, and its mass is then deter-
mined. The procedure is repeated for distilled water, and density is calculated using the follow-

ing Equation 3 (Valarezo et al., 2015):

» Acidity Index (AFNOR NF T75-111 Standard):

To determine the acid value, representing the concentration of free acids in 1 g of the es-
sential oil, a titration method with potassium hydroxide (KOH) solution is employed (Sahoo et
al., 2007).

Initially, a small aliquot (0.5 mL) of the essential oil is mixed with 2 to 3 drops of phenol-
phthalein indicator in a small vessel. Subsequently, titration is performed with 0.5 N KOH solu-
tion until the appearance of a faint pink colour, indicating complete neutralization of the acids.
The acid value is then calculated using the following Equation 4.

la= se1lvic (4)

m

Where: V: the volume of the KOH solution, C: Concentration of KOH, m: the mass of

the essential oil

» Ester Index (AFNOR NF T75-111 Standard):

The determination of free acids resulting from ester hydrolysis within the essential oil in-
volves a titration process utilizing 0.5 N potassium hydroxide (KOH) solution (Alajtal et al.,
2018).

= Begin by placing 0.5 mL of the essential oil into a small vessel.
e Add 1 mL of 0.5 N potassium hydroxide (KOH) solution to the vessel to initiate

the titration process.
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Place the mixture in a gas-evacuated water bath for a specified duration to facilitate

reaction.

After cooling, introduce 0.5 mL of distilled water and add 3 drops of

phenolphthalein indicator to the mixture.

Titrate the excess potassium hydroxide (KOH) using 0.5 N hydrochloric acid

(HCI) until a colour change is observed, indicating neutralization.

Quantify the volume of hydrochloric acid (HCI) required to neutralize the excess

potassium hydroxide (KOH).

Calculate the ester content using the following Equation 5:

r 205, V)1 L (5)

Where: Vo (ml): Volume of hydrochloric acid (HCI) without essential oil, V1 (ml): Vol-
ume of hydrochloric acid (HCI) in the presence of essential oil, l.: Acid value, le: Ester value and
m: Mass of the essential oil sample.

» Refractive Index (AFNOR NF T75-111 Standard):

The refractive index of an essential oil is defined as the ratio between the sine of the angle
of incidence and the sine of the angle of refraction of a light ray, with a specific wavelength,
transitioning from air into the essential oil, while the latter is maintained at a constant tempera-
ture (Singh, 2002)

The refractive index of the essential oil is directly measured using a refractometer at a ref-

erence temperature 20°C.

4.3.2. Gas Chromatography-Mass Spectrometry (GC/MS) analysis:

The coupling (GC/MS) technique stands as the most frequently employed method within the
field of essential oils, facilitating the concurrent separation, identification, and quantitative
measurement of the various constituents present in extracted oils.

» Principle:

The principle is founded on the varying affinities of compounds within the mixture towards
two phases: a stationary phase and a mobile phase. This technique relies on the distribution of
constituents between a stationary phase and a gas phase. The stationary phase comprises a silicone-
based liquid that permeates an inert and granular solid material, housed within a typically coiled
steel or glass column measuring 1 to 3 meters in length and 2 to 4 millimetres in diameter. The
mobile phase consists of an inert carrier gas such as nitrogen, helium, or argon. The
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column is maintained at a high temperature via a furnace. Under the influence of tempera-
ture, constituents vaporize and become separable. The basis of separation lies in the discrepancy
of partition coefficients of volatile compounds between the stationery and gas phases. A de-
tection system generates a signal at the exit of each molecule from the column, manifesting as
the recording of peaks corresponding to each constituent.

Gas chromatography is coupled with a mass spectrometer (MS); this coupling relies on
computerized comparison of the spectrum of an unknown peak with one or more reference li-

braries, enabling its identification.

» Apparatus:

The identification of the chemical constituents of our essential oils was performed using a
gas chromatographic system (HP 5890-SERIE II) equipped with an HP5 MS capillary column
(30 meters in length, 0.25 mm internal diameter, and 0.25 pum film thickness) coupled with a
mass spectrometer (HP-MSD 5972).

N2 was employed as the carrier gas for the analysis of the two essential oils. Spectra were
recorded at an emission energy of 70 eV, and spectral analysis of the compounds was conducted by
comparison with their counterparts using the WILEY275 (Chiu et al., 1982; Guinaudeau et al.,
1975; Kiryakov, 1968; Shamma, 1972) spectral librairies.

> Procedure:

The carrier gas (N2) is introduced at a flow rate of 1 mL/min, with the injected volume of
the essential oil being 1 pL in split injection. The injector and detector temperatures are set at
250°C and 320°C, respectively. The oven temperature is programmed to initially reach 60°C and
held for 8 minutes, then gradually increased to 250°C at a rate of 2°C/min, maintained isother-
mally at 250°C for 15 minutes, and finally elevated to 300°C at a rate of 10°C/min.

4.4. In Vitro Assessment of Anticancer Activity

4.4.1. DNA Extraction:

The isolation of DNA from blood can be achieved using various techniques, different pro-
tocols, and a wide range of commercially available kits (Filote et al., 2022). The chosen DNA
extraction technique should be able to provide pure DNA samples ready for use in studying anti-
cancer activity with essential oils.

In this study, we isolated DNA from chicken blood using salting-out techniques (Gaaib et
al., 2011; Miller et al., 1988). The advantage of this technique is that it avoids the use of toxic
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and corrosive organic solvents and only utilizes standard chemicals that can be obtained from
any commercial supplier, and it does not require specialized equipment or biochemical
knowledge (Nasiri et al., 2005; Rivero et al., 2006). The DNA purification protocol is based on
protein precipitation at high salt concentration. The traditional protocol involves initial cell dis-
ruption and digestion with sodium dodecyl sulphate, followed by the addition of high salt con-
centrations, typically 6 M sodium chloride. The mixture is then centrifuged to allow proteins to
precipitate to the bottom, with the supernatant containing the transferred DNA into a new flask.
DNA is then precipitated using cold ethanol (Howe, 1997). The steps involved in DNA extrac-

tion are summarized in Figure 3.

‘ Elimination of Red Cell Lysis
Any Chicken Blood | === blood Cells =2 Sodium Dodecyl —)l Removal of Membrane Lipids
: TLR Sulphate

DNA purification DNA precipitation Proteins Precipitation Protein Denataration and Removal

70% Ethanol/water Cold Absolute Ethancl [y centiifugation 6 M sodium chloride
Figure3. Steps Involved in DNA Extraction

v Blood Sample:

DNA is extracted from chicken blood using salting-out techniques. Chicken blood differs
from human blood in that red blood cells are also nucleated and contain much more DNA than non-
nucleated mammalian blood. This allows for obtaining chicken DNA in sufficient quantity and
quality using relatively simple extraction techniques. Therefore, during DNA purification from
chicken blood, there is more DNA material compared to working with human blood (Ja- vanrouh
& Jelokhani-niaraki, 2020).

v Blood Collection:
Samples of chicken blood were collected in blood collection tubes containing EDTA as an

anticoagulant and stored at room temperature in microcentrifuge tubes, and extracted on the

same working day.

v Extraction Procedure:

5 ml of whole chicken blood sample is placed in a 20 ml flask, then 10 ml of TLGR (Red
Blood Cell Lysis Buffer) was added to the blood and the resulting mixture was cooled in an ice
bath for 20 minutes, then centrifuged at 2500 rpm for 15 minutes at room temperature. This step
was repeated 3 to 4 times until the red color of the blood disappeared, then the flask was left to

dry for 5 minutes.
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The white blood cells were removed by adding 2 ml of TLGB buffer and vortexed for 3
minutes. Subsequently, cell lysis was carried out by adding 150 pL of sodium dodecyl sulphate
solution and centrifuged at 172 rpm for 90 minutes at 55°C. After centrifugation, 3 ml of 6 M
sodium chloride solution was added, and the resulting mixture was vortexed for 6 minutes and
then centrifuged at 1300 rpm for 10 minutes. The liquid phase was recovered, and 2 volumes of
cold isopropanol were added, followed by centrifugation at 1300 rpm for 30 minutes at room tem-
perature. DNA was then recovered from the isopropanol layer, washed several times with 70%
ethanol, and characterized using UV-Vis spectroscopy. Figure 4 shows the UV-Vis spectrum of
the isolated DNA.

204

15 4

A

10 4

0.5 4

200 300 400 500
Any

Figure 4.Electronic Spectrum of Extracted DNA Sample

UV-Vis spectroscopy can be used to detect protein contamination in extracted DNA (Saab
et al., 2007). Proteins exhibit two absorption peaks in the UV region: the first peak is located
between 190-210 nm, attributed to electronic transitions in the peptide backbone, and the second
peak is situated at 280 nm due to absorption by the aromatic amino acids tyrosine, tryptophan,
and phenylalanine (Khennoufa et al., 2021).

44.1.1. Estimation of DNA Purity:

The isolated DNA cannot be used without further purification as it contains contaminating
RNA and proteins. Therefore, the DNA is rehydrated in distilled water, and this dissolution re-
quires continuous agitation overnight at 42°C. The concentration and purity of the DNA can be
determined by measuring ultraviolet light absorption. DNA has maximum and minimum absorp-
tion at 260 nm and 234 nm, respectively (Telfer et al., 2013). The purines and pyrimidines in the
nucleic acid are responsible for these absorptions. At 260 nm, double-stranded DNA has a specif-

ic absorption coefficient of 0.02 (ug/ml)*cm? (Griffiths & Chacon-Cortes, 2014). Additional-

30



Part I1: Experimental Chapter 1: Materials and Methods

ly, the ratio of Azso/Azso can detect nucleic acid purity relative to protein contamination, as pro-
teins have maximum absorption at 280 nm. Highly purified DNA samples have a 260/280 nm ra-
tio of (1.7-1.9), so below (1.7), a significant amount of protein impurities may be present in the
sample (Whitlock et al., 2008). The Azso/Az30 ratio is determined to confirm that the sample is
free from carbohydrates, peptides, ethanol, or any other organic compounds, and it is generally
greater than 1.5 (Ning et al., 2009).

Therefore, good quality DNA should have:

A260 1 72 and A260 51 5
A2g0 A230

In our study, we used UV-Vis spectroscopy to estimate the purity of the isolated DNA. The
absorbance values of the DNA solution obtained were measured at 230, 260, and 280 nm to de-
termine the concentration and purity of the extracted DNA. The dissolved DNA can be stored at
4°C for a few days or at -20°C for longer-term storage (Heckel et al., 2017). The absorbance val-
ues were taken from Figure 3 and listed in Table 2. The values obtained for the various absorb-
ance ratios indicate the high purity of the isolated DNA.

Table2. Absorbance Ratio of Isolated DNA

A230 A260 A280 A260/A230  A260/A280
1.116 1.301 1.021 1.166 1.724

v Estimation of DNA Quantity:
The quantity of DNA was determined by absorption spectroscopy using the molar extinction
coefficient value of 6600 M=*cm™ at 260 nm (Schoppler et al., 2011).

4.4.2. Cyclic Voltammetric Measurements:
v Apparatus:
The apparatus used for voltammetric measurements is a Potentiostat/Galvanostat Model
PGZ301 (Radiometer Analytical SAS) connected to a three-electrode electrochemical cell,
= Aglassy carbon electrode with a diameter of 5.2 mm2.
= A mercury/mercurous chloride/saturated KCI reference electrode.
= A platinum auxiliary electrode with a diameter of 3 mmz2.

31



Part I1: Experimental Chapter 1: Materials and Methods
. __________________________________________________________________________________________________________________________|

All of this is controlled by a Pentium IV microcomputer (CPU 4.0 GHz and RAM 2 GB)
equipped with VoltaMaster4 software, version 7.08.
v" Reagents:
» Potassium phosphate buffer solution
< Electrolyte support (Tetra-n-butylammonium tetrafluoroborate, 99%)
= Ethanol
< Nitrogen (Gas)
< Ultra-pure water
v" Procedure:

The reaction between the essential oils and the DNA/BSA takes place in the electrochemical
cell. The reaction medium is a buffer solution consisting of a mixture of monopotassium and
dipotassium phosphate (KH2PO4+K2HPO4) at 0.1 M and pH 7.2.

Before each measurement, the working electrode is polished using p4000 abrasive paper.
After polishing, the electrode is washed with ultra-pure water and dried with air. The surface of
the electrode thus appears mirror-like. Then, the electrochemical cell is equipped with the refer-
ence electrode and the auxiliary electrode, as well as the working electrode. The cell is filled
with 10 ml of a solution consisting of 90% ethanol/buffer solution containing the essential oils un-
der study. Nitrogen gas is bubbled through the solution for 10 to 15 minutes to remove oxygen
from the cell. A variable potential is applied at a fixed scan rate and at a temperature of 28 + 2°C.
The obtained voltammogram is analysed to access the interaction parameters between the studied
essential oil and the DNA/BSA.

4.4.3. Spectroscopic Measurements:
v Apparatus:
UV-Vis measurements were performed using a UV-Vis spectrometer (Shimadzu 1800) and
a quartz cell with a volumetric capacity of 5 ml. Data acquisition was carried out with a Pentium IV
microcomputer (CPU 4.0 GHz and RAM 2 GB) equipped with UV probe software version
2.34 (Shimadzu). The data is processed using OriginLab 9.0 software.
v’ Reagents:
= Potassium phosphate buffer solution
= Ethanol
< Ultra-pure water

v Procedure:
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The electronic spectra of essential oil in the 90% ethanol/potassium phosphate buffer

solution were obtained in the absence and presence of increasing concentrations of DNA/BSA.

4.5.  In-Silico Evaluation of the Biological Activities

45.1. ADMET and drug-likeness evaluation

Drug candidates should possess favourable ADMET properties and ideally non-toxic.
Therefore, the major identified compounds from the essential oils extract were evaluated of their
ADME profile, including physicochemical, lipophilicity, water solubility, pharmacokinetics, drug-
like nature, medicinal chemistry, and several other parameters using SwissADME (Dainaet
al., 2017; Riyadi et al.,, 2021) module provided in SIB (Swiss Institute of Bioinformatics)
webserver (https://www,sib.swiss). Furthermore, the toxicity aspect of designed compound was

also predicted using ProTox (Banerjee et al., 2018) (https://comptox.charite.de/protox3/).

4.5.2. Docking setup:
» Ligands preparation:

The three-dimensional configurations of the major compounds isolated from Origanum
Majorana L essential oil were obtained from the National Library of Medicine (NCBI) database
(Kim et al., 2016), accessible through the NCBI website (https://pubchem.ncbi.nlm.nih.gov/).

Ligand preparation involved an energy optimization process to derive the most energetically
favourable conformations for each compound. Utilizing LigPrep module within the Schroédinger
suite (Schrodinger, 2024), this optimization procedure ensured the attainment of the lowest en-
ergy state for the studied drugs, including Montbretin A (a co-crystallized ligand). The ionization
states were established at a pH of 7.0 £ 2.00, as computed by the Epik classic module, while
maintaining specified chirality and generating relevant tautomeric forms. Furthermore, partial
atomic charges were computed using Optimized Potentials for Liquid Simulations OPLS4 force
field (Lu et al., 2021).

» Receptor Preparation:

The 3D structures of receptors, including the human DNA receptor (PDB ID: 1WOT)
(Court et al., 2005), bovine serum albumin (PDB ID: 6QS9) (Castagna et al., 2019), Escherich-
ia coli (PDB ID: 6F86) (Narramore et al., 2019), Bacillus subtilis (PDB ID: 2VAM) (Oliva et al.,
2007) and Klebsiella pneumoniae (PDB ID: 3QVJ) (French et al., 2011). Information regarding
the receptors, including their names and PDB IDs, has been listed in the following Table 3.

Processing of the protein structures was executed through the “protein preparation Work-
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flow” module within the Schrodinger suite (Madhavi Sastry et al., 2013), involving consecutive
stages of import and processing, review and modification, and refinement.

In the initial stage, the Prime tool was employed to address missing residues and side chains,
maintaining the pH of PROPKA at 7.0 £ 2.00. Subsequent steps included the optimization and
assignment of hydrogen bonds, along with the removal of water molecules beyond 8 A. Restrain
minimization utilizing the Optimized Potentials for Liquid Simulations (OPLS4) force field was
performed to achieve a low-energy state for the protein (Lu et al., 2021). This phase of protein
preparation signifies an energy optimization methodology, presenting the protein in its energeti-
cally favourable state for subsequent in-silico studies.

The "Receptor grid generation” panel facilitated the creation of a grid encompassing the
active site of the protein, delimited by the co-crystallized ligands. Default parameters were main-

tained, and the grid centre was generated in the active site of the targeted proteins.
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Table3. The information related to the selected target receptors for molecular docking studies

hTRF1 DNA-binding domain in complex
with telomeric DNA

PDB ID 1WO0T
Mutation No
Resolution (A) 2.00
R-Value Observed 0.252
Organism Homo sapiens
Space Groupe P212121
Sequence Length 53
Bovine Serum Albumin in complex with
Ketoprofen
PDB ID 6QS9
Mutation No
Resolution (A) 2.80
R-Value Observed 0.218
Organism Bos taurus
Space Groupe ci121
Sequence Length 607

» Molecular Docking:

Computational simulations, including Induced Fit Docking, molecular dynamics studies, and
MM-GBSA calculations, were conducted employing the Glide module, Induced Fit Docking
module, Prime module, and the Desmond module within the Maestro version 11.7 user interface of
the Schrodinger suite (Small-Molecule Drug 2021) (Schrodinger, 2015). The simulations were
executed on a DELL Intel(R) Core(TM) i9-13900HX CPU @ 2.20 GHz processor, equipped with
32,0 GB RAM, and operated on a 64-bit Linux Ubuntu 18,04.1 LTS operating system.

The molecular docking tool employed for all docking studies was Glide (Grid-based Ligand
docking with Energetics), a module within the Schrodinger suite (Yang et al., 2021). The pre-
pared ligands underwent docking onto the specified protein site utilizing the Glide module, in
Standard Precision (SP) modes (Friesner et al., 2006).
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The Induced Fit docking (IFD) module of the Maestro molecular modelling suite has been
noted as a reliable and effective docking approach to consider flexibility in both ligands and the
binding pocket residues in the binding pocket of target receptors (Khelil et al., 2020). During the
IFD process, Glide/SP (Standard Precision) was performed for each ligand, the Prime refinement
step specifically addressed the side chains of residues within a 5 A radius of the ligand. Notewor-
thy is the retention of a maximum of 20 poses for each ligand.

» Molecular Dynamics Simulation (MDS):

The best compound in exhibiting the highest IFD docking score was chosen for Molecular
Dynamics Simulation (MDS). Recognizing the limitations of ligand docking in representing the
biological system under aqueous conditions (Korb et al., 2012), a 100 ns simulation time for
MDS was executed using the Desmond module within the Schrédinger suite (Bowers et al.,
2006).

The MDS protocol comprised three essential steps: system builder, minimization, and MDS.
In the system builder phase, the protein and ligand complex were selected and immersed in a
biological environment. The transferable intermolecular potential with 3 points (TIP3P) solvent

model, with the boundary condition maintained in an orthorhombic box form throughout the
process with dimensions of 10 x 10 x 10 A (Akbar et al., 2022). The OPLS-3e force field was
consistently applied (Roos et al., 2019). The neutralization of model was conducted by addition of
counter ions when needed and 0.15 M of NaCl salt was included to mimic the physiological state.

Subsequently, the NPT ensemble was utilized for energy minimization, maintaining pressure
and temperature at 1.0132 bar and 300 K, respectively. Finally, MDS was conducted for the min-
imized protein-ligand complex (Halder et al., 2023).

» Free Energy (MM-GBSA) Calculation:

Upon completion of the dynamic simulation, an assessment of the free binding energy be-
tween the protein and the ligand was systematically undertaken utilizing the Prime MM- GBSA
module within the Maestro molecular modelling suite (E. Wang et al., 2021). The calculation of
ligand binding affinities was accomplished through the Molecular Mechanics/Generalized Born
Surface Area AG (MM-GBSA AG) metric applied to the optimized Receptor-Ligand Complex.
This computation, facilitated by the VSGB solvation model and the OPLS4 force field, stands as
a methodologically rigorous approach for the comprehensive evaluation of molecular interac-

tions and binding strengths (Gorla et al., 2021).
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1. Introduction:

This chapter delves into the findings regarding the extraction yield, characterization, and
comprehensive exploration of the anticancer and antibacterial properties inherent in the essential
oil derived from the aerial constituents of Origanum Majorana L. The overarching aim of this
investigation was to assess the potential anticancer and antibacterial efficacy exhibited by essen-
tial oil as significant agents in the domain of novel pharmaceutical development.

The elucidations provided herein furnish intricate insights into the chemical constitution of
the essential oils, thereby enabling their utilization in the in-silico study. This involved the appli-
cation of advanced computational techniques such as Induced Fit Docking (IFD) for each com-
pound, capabilities not feasible in traditional in vitro studies.

2. Extraction Yield:
Figure 5 illustrates the yields of essential oils obtained through hydrodistillation of the aerial

parts of Origanum Majorana L. variety of Eloued.
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Figure 5. The yields of extracted essential oil
We observe that Origanum Majorana L exhibits a good essential oil yield (1.45%).

Nevertheless, findings reported by (Alimi et al., 2022) indicate lower yields of essential

oils extracted by hydrodistillation from Origanum Majorana L at ambient temperature.
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Similar results to ours were, however, obtained by (Naima et al., 2019) for the essential oil
extracted from the same variety using the same method.

Furthermore, significantly higher yields were achieved by (Vera & Chane-Ming, 1999)
during the hydrodistillation of Origanum Majorana L, Indian variety.

These variations in results can be explained by the fact that essential oil yields are influenced
by several factors during extraction: either factors related to the plant (species, variety, chemical
composition, etc.) or factors associated with experimental conditions (extraction process, extrac-

tion duration, etc).

3. Chemical composition of essential oils
3.1. Organoleptic characteristics:
Through the conducted work, it has been revealed that the essential oil extracted from the
studied plant exhibits the following (Table 4) organoleptic properties:

Tabled. The organoleptic characteristics of essential oils

Plant Smell Aspect Colour

Origanum Majorana L~ Apleasant fragrance  liquid at room temperature  Light-yellow

3.2. Physicochemical Properties:

The physicochemical properties were meticulously determined according to the standards of
the French Association for Standardization (AFNOR) using established methodologies to meas-
ure relative density, refractive index, acidity index, and ester index, as depicted in the following
Table 5.

Tableb. The physicochemical properties of essential oils

Plant Relative Density Refractive Index Acidity Index Ester Index

Origanum Majorana L 0.908 1.4512 4.39 41.23

By comparing these results to those obtained by (Naima et al., 2019) (density 0.953, re-
fractive index 1.474, acidity index 4.93 and ester index 45.96) and (Alimi et al., 2022) (density:
0.834 + 0.02, refractive index, at 25°C 1.4596 + 0.03), and considering that the refractive index
was measured at a temperature of 23°C, we can conclude that these values are in accordance with
the standards described by AFNOR (Afnor, 1982).
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3.3. Gas Chromatography-Mass Spectrometry (GC/MS) analysis:

The analysis focused on the essential oil constituents extracted from specific plant species
using gas chromatography-mass spectrometry (GC/MS). Mass spectra corresponding to each
chromatographic peak were juxtaposed with spectra from relevant scientific literature and the
Weily electronic database for mass spectra (Horai et al., 2010). Retention indices were em-
ployed to ascertain compound identities. Moreover, utilizing the identical non-polar HP5 station-
ary phase in the gas chromatography column facilitated the preservation of consistent peak num-
bers and elution sequences for the compounds under investigation.

Figure 6 depict the chromatograms illustrating the essential oil compositions of Origanum

Majorana L, as obtained through gas chromatography-mass spectrometry (GC/MS) analysis:
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Figure6. Chromatogram of the essential oil of Origanum Majorana L plant obtained by
GC/MS

Upon scrutinizing the obtained chromatogram, notable resemblances are evident, with dis-
cernible bands interspersed with overlapping ones. Generally, distinct regions can be identified,
delineating three segments:

1. The initial segment, delimited within the time frame of (4 min to 12.4 min), hosts sev-
eral bands denoting the presence of hydrocarbon monoterpenes.

2. The succeeding segment, spanning from (12.4 min to 24 min), encompasses the predom-
inant bands, indicative of oxygenated monoterpenes prevalent in the plant's essential
oil.

3. The final segment, spanning (24 min to 32.5 min), exhibits minimal banding, suggest-

ing a negligible presence of hydrocarbon sesquiterpenes in the plant's e sential oil.
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The pertinent compounds in each essential oil, extracted from Origanum majorana L, have

been identified and collated as follows

3.3.1. Origanum Majorana L

The hydrodistillation extraction method was employed to obtain the essential oil from Ori-
ganum Majorana L., yielding a noteworthy 1.45% output. Analysis revealed the identification of
98.84% of the constituents, comprising a total of 42 compounds (as presented in Table 6). Oxy-
genated monoterpenes dominated the composition, constituting over 57%, followed by hydro-
carbon monoterpenes at 25.14%.

Of particular interest is the prominent presence of trans-Thujone, constituting 33.3% of the
essential oil, a compound conspicuously absents in the majority of prior studies. For instance,

J. Chane et al.’s (Vera & Chane-Ming, 1999) investigation reported Terpinen-4-ol as the
primary compound at 38.4%, a constituent entirely absents in our study. Similarly, Santolina tri-
ene emerged as the second major compound in our analysis at 16.40%, a finding not corroborat-
ed in extant literature.

Despite these disparities, concordance exists with previous studies regarding the occurrence
of Sabinene, which manifested at 3.12% in our study, compared to 15% in J. Chane et al.’s
(Vera & Chane-Ming, 1999) study and 17% in K.H.C Baser et al.’s study (Baser et al., 1993).
Additionally, Sellami et al (Sellami et al., 2009) documented Sabinene at 2.14%. Supplementary
compounds identified include o-Thujene (1.44%), o-Pinene (1.19%), and p- Pinene oxide
(4.42%).

In summary, the essential oil derived from Origanum Majorana L. exhibits distinctive
chemical compositions in Eloued region compared to oils from other geographical locales, char-
acterized notably by the prevalence of trans-Thujone and Santolina triene as major constituents.
This variance likely stems from multifactorial influences such as soil quality, climatic condi-
tions, and harvest timing. For an illustrative overview of the major compounds identified, Figure

7, displaying the structures and IUPAC nomenclature of these constituents.

Table6. Essential oil constituents of Origanum Majorana L identified by GC/MS

No Compounds IRExp IRRer  (%0)
01 Pentanol 759 762 0.12
02 Cis-2-Penten-1-ol 762 765 0.03
03 Hexanal 801 801 0.02
04 (2)-Salvene 844 847 0.02
05 Isopentyl acetate 869 869 0.02
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06 Santolina triene 898 906 16.42
07 Tricyclene 912 921 0.02
08 Alpha-Thujene 918 924 1.44
09 Alpha-Pinene 925 932 1.19
10 Camphene 941 946 0.43
11 Sabinene 969 969  3.12
12 Beta-Pinene 972 974 0.22
13 Beta-Myrcene 989 988 0.14
14 Alpha-Phellandrene 1003 1002 0.03
15 ropanoic acid, 2-methyl-, 3-methylbutyl ester 1012 1007 0.02
16 Alpha-Terpinene 1016 1014 0.36
17 Para cymene 1024 1020 0.20
18 Ortho Cymene 1026 1022 0.45
19 Sylvestrene 1028 1025 0.20
20 1,8-Cineole 1031 1026 10.71
21 Trans-decahydroNaphthalene 1054 1053 0.03
22 Terpinene 1059 1054 0.76
23 Cis Sabinene hydrate 1068 1065 0.89
24 Para-Mentha-2'4(8)-diene 1088 1085 0.11
25 Trans-Sabinene hydrate 1100 1198 0.86
26 Isopentyl-2-methylbutanoate 1104 1100 0.14
27 cis-Thujone 1107 1101 0.24
28 trans-Thujone 1119 1112 33.30
29 iso-3-Thujanol 1136 1134 0.04
30 Camphor 1146 1141 2.85
31 Beta pinene oxide 1163 1154 4.42
32 3-Thujanol 1168 1164 0.48
33 Alpha Terpineol 1192 1186 0.88
34 Dihydrocarveol 1197 1192 0.06
35 Safranal 1203 1197 0.01
36 Cis-3-Hexenyl 2-methyl buta- 1233 1229 0.25
noate
37 trans-Myrtanol 1257 1258 0.04
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38 2-(1E)-propenyl Phenol 1258 1264 0.09
39 cis Verbenyl acetate 1277 1280 15.05
40 neoiso-3Thujanol acetate 1287 1281 0.09
41 Isobornyl acetate 1290 1283 0.21
42 Lavandulyl acetate 1293 1288 0.32
Total 95.64
X
/

2,5-dimethyl-3-vinylhexa-1,4-diene  2,6,6-trimethylbicyclo|3.1.1]hept-2-ene 1-isopropyl-4-methylenebicyelo[3.1.0]hexane
(Santolina triene) (Alpha-pinene) (Sabinene)

0

S-isopropyl-2-methylbicyclo[3.1.0]hex-2-ene 1,3,3-trimethyl-2-oxabicyclo[2.2.2]octane 1,7,7-trimethylbicyelo[2.2.1]heptan-2-one
(Alpha-Thujene) (1.8-cineole) (Camphor)

O

w\\\w“‘

6,6-dimethylspiro|bicyclo[3.1.1|heptane-2,2"-oxirane| (15,45)-1-isopropyl-4-methylbicyclo[3.1.0]hexan-3-one
(Beta pinene oxide) H (Trans thujone)
YU
(8]
H

(15.2R.55)-4,6,6-trimethyvlbicyclo[3.1.1]|hept-3-en-2-yl acetate
(Cis verbenyl acetate)

Figure 7. Chemical structures and IUPAC names of the top major compounds identified in

the essential oil of Origanum Majorana L
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4. DNA Interaction Study
4.1. Electrochemical DNA interaction study

4.1.1. Binding constants:
When an increasing concentration of DNA was added to a solution of essential oil, the anodic

peak current height of this essential oil was decreased. Also, during DNA addition, anodic peak
potential showed a displacement in the negative going direction, Figure 8. These results indicat-
ed that the studied essential oil interact with DNA by electrostatic mode (E. Lanez et al., 2019;
Mouada et al., 2019), Figure 8 further indicates that in the absence of DNA, the voltammograms
of Origanum Majorana L essential oil show an anodic peak potential at 1.201 V. While in the
presence of 0.81, 1.62, 2.41, 3.18, 3.94, 4.68, 5.41, 6.13, 6.83 and 7.52 uM

DNA, these peaks appear at 1.2, 1.201, 1.202, 1.203, 1.204, 1.205, 1.206, 1.207, 1.208 and

1.209 V respectively, with an apparently negative shift of 1 mV by each increasing of concentra-
tion indicating that there exists interaction between the studied essential oil and DNA. The volt-
ammograms also show a drop in the anodic peak current densities. This drop can be attributed to
slow diffusion of the formed DNA-EO adducts.

The peak potential shift in the cyclic voltammetric behavior of the essential oil by the addi-
tion of DNA is attributable to the electrostatic interactions between the compounds and DNA, an

indicator of the oxidizable behavior of the compounds in the presence of negative environment

of DNA.
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Figure 8. Cyclic voltammograms of 2 mM Origanum Majorana L essential oil recorded at
0.1V s™! potential sweep rate on GC disk electrode at 298K in the absence and presence of in-
creasing concentration of DNA in 0.1 M 90% ethanol/buffer phosphate solution at pH =7.2 with

supporting electrolyte 0.1 M BusNBF4
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Generally, the negative shift in formal potential caused by the addition of a potentially drug to
DNA is caused by the electrostatic interaction of the cationic drug DNA backbone (Jamil et al.,
2013; Shah et al., 2010), so the obvious negative peak potential shift (anodic shift) in the CV
behaviour of essential oil by the addition of DNA can be attributed to the electrostatic interaction
(H-bonding) between EO and the DNA. This negative peak potential shift further indicates that
the compounds in the essential oil left over is easier to oxidize in the presence of negative envi-
ronment of DNA. Further addition of DNA diminishes the oxidation peak which supports the
participation the compounds present in the essential oil in hydrogen binding with DNA, and not
let electrons to go out of the system (Figure 8).

The decrease in anodic peak current density of EO-DNA adduct relative to free EO is
used for the calculation of the binding constants and binding free energies using Equa-
tion 6 (Zhao et al., 1999):

Log 1 = logKp+logip ... (6)
DNA ipo - ip

where [DNA] is the DNA concentration (M); K» represents the binding constant (M™?); ipo
and ip denote the anodic peak current density of the free and DNA-bound compound, respective-
ly (uA/cm?).

The plot of log 1/[DNA] versus log 1/1 — (i/io) gave a straight line (Figure 9) with a ‘y’

intercept equal to the logarithm of binding constant Kp.
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Figure9. Plots of log (1/1 — (ip/iy,)) versus log 1 /[DNA] used to calculate the binding con-

stants of studied essential oil with DNA

45



Part 2: Experimental Chapter 2: Results and Discussion

4.1.2. Binding free energy:
The binding free energy change was calculated using the following Equation 7

O0G=0RTInK,, (7)

where AG is the binding free energy in KJ.mol™?, R is the gas constant, 8.32 J.mol
K-t and T is the absolute temperature, 298K.

Binding parameters of the studied essential oil are listed in Table 7

Table7. Binding constant and binding free energy values for EO with DNA from CV data
Adduct Equation R? K(M?Y)  -AG (KJ.mol?)
EO_DNA y =1.092x + 4.651 0.985  4.48x10* 26.55

4.1.3. Diffusion coefficients

Figure 10 shows the electrochemical behavior of the EO at different scan rates. The volt-
ammograms displayed clear stable anodic peaks. The diffusion coefficients of the free and DNA

bound form was determined using the Randles-Sevcik Equation 8 (Husain et al., 2015):
3
s =2.69x10° (V) SC VDy[y

where ipa is the peak current density (A), n is the number of electrons transferred
during the oxidation, S is the surface area of the electrode (cm?), C is the bulk concentra-
tion (mol.cm™) of the electro-active species, D is the diffusion coefficient (cm?s?), and v

is the scan rate (V.s2).
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Figure 10. Cyclic voltammetric behavior of Origanum Majorana L essential oil on GC electrode
in the absence (a) and in the presence of respectively, 7.52 uM DNA in 0.1 M 90% etha-
nol/buffer phosphate solution at pH = 7.2 and scans rates 0.5, 0.4, 0.3, 0.2 and 0.1 V.s* with sup-

porting electrolyte 0.1 M TBATFB. The vertical arrowhead indicates increasing scan rate

The plots of the square root of the scan rates versus the anodic peak current density, (Figure
11), suggest that the redox process is diffusion controlled. The value of the diffusion coefficient is
D = 5.027x10° cm2.s? was deducted from the slope of the linear regression of Equation 9. Fur-

thermore, the formal potential values are almost infected by the increasing of scan rate values.

1000 -

900

800

700

600

ipa (m.f\.cm'zj

200

400

Figure 11. Plots of M_ versus ip used to calculate the coefficients diffusion of free (Black line)

and bounded DNA (Red line)
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Table8. Diffusion constants values of the free and DNA bound forms

Compound Equation R2 D(cm?.s?)
EO y =39.203x + 104.06  0.995 5.027x10°
EO_DNA y=34.307x + 71.436 0.999 3.85x108

The diffusion coefficient provides crucial insights into the nature of molecular interactions,
particularly when considering the formation of complexes between molecules (El-Hallag, 2010).
When a complex forms between two or more molecules, such as an essential oil and DNA, the
resulting complex typically has a higher molecular weight than the individual molecules in their
free form. As a result, the diffusion coefficient serves as a measure of the mobility of molecules
in a solution (T. Lanez & Hemmami, 2016). In the context of a formed complex, the diffusion
coefficient tends to decrease compared to the diffusion coefficient of the individual molecules in
their free form. This decrease in diffusion coefficient indicates that the formed complex moves

more slowly through the solution due to its increased molecular weight (T. Lanez et al., 2015).

4.2. Electronic spectroscopy DNA interaction study

Electronic absorption spectroscopy is an effective method for examining the binding mode.
The hypochromic effect induced by the DNA on a spectrum of abound ligand is
one indicator of the binding mode. In general, intercalators have stronger hyperchromicities than
the corresponding groove binders. The absorption spectra of essential oils bound to DNA
through intercalation exhibit significant hypochromic and red shift due to the strong n—m*
stacking interaction between the aromatic chromophore ligand of metal complex and the base
pairs of DNA (Shah et al., 2010).

To get complementary method to the voltammetry techniques, electronic spectroscopy ti-
tration was performed to study the interaction of essential oil with DNA in buffer phosphate so-
lution (KH2PO4/K2HPO,) at pH = 7.2. The absorption spectra of a fixed concentration (2 mM) of
Origanum Majorana L essential oil in the absence and presence of gradually increasing concentra-
tion of DNA stock solution are shown in Figure 12. In the visible region, Origanum Majorana L
essential oil has one absorption peaks at 239 nm, (Figure 12). Upon addition of DNA, a signifi-
cant hyperchromicity was observed without any noticeable shift in the position of maximum ab-
sorption peak that clearly indicated the formation of adduct between DNA and the studied essen-
tial oil (Rakesh et al., 2012). Hyperchromicity further suggesting mainly groove binding prop-
erty of EO compounds to the double-stranded DNA (Shahabadi et al., 2011).
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Figurel2. UV-visible absorption spectra of 2 mM of Origanum Majorana L essential oil in
presence of increasing concentrations of DNA in 0.1 M 90% ethanol/buffer phosphate solution
(KH2PO4/K2HPQOg4) at pH = 7.2 and 298K

4.2.1. Binding constants:
The change in absorbance values by increasing DNA concentration was used to evaluate the

intrinsic binding constant employing the following Equation 9, (lsaac et al., 1999; Ni et al.,

1997).

AO _ e + e 1
. 9)
ACDA e Uls e Ul K DNA
0 b U

where [DNA] is the DNA concentration, Kb is the binding constant, Aoand A are respective-
ly the absorbance of ligand in the absence and presence of DNA, and ¢ and en— are their ex-

tinction coefficient respectively.
The constant Kp is obtained from the intercept to slope ratio of the plot of

Ao/(A — Ao) versusl/[DNA], Figure 13..
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Figurel3. Plots ofAo/(A — Ao) versus 1/[DNA] used to calculate the binding constants of

Origanum Majorana L essential oil with DNA

4.2.2. Binding free energy:
The binding free energy change was calculated using the following Equation 10 (W., 1998)

1G=0RTInK,

where AG is the binding free energy in KJ.mol?, R is the gas constant, 8.32 J.mol*K™ and

T is the absolute temperature, 298K. Binding parameters are listed in Table 9.

Table 9. Binding constant and binding free energy values for Origanum Majorana L essen-
tial oil with DNA from UV data
Adduct Equation R? K(MY)  -A(KJ.mol?)
EO_DNA y =-2.435x — 47.546 0.998 5.12x10* 26.89

4.3. Molecular Docking Study:

In the current study, the binding interaction of all the major compounds presented in Ori-
ganum Majorana L essential oils with human DNA was further investigated by carrying out a mo-
lecular docking analysis of the binding interaction between human DNA with compounds: trans
thujone, alpha-Terpineol, beta-Terpineol, cis Verbenyl acetate, Camphor, Sabinene, gamma ter-
pinene, alpha-Pinene, 1,8-Cineole, Santolina triene, alpha-Thujene and Beta Pinene oxide (the
major phytochemicals present in the two plants with yield > 1) using Maestro version 11.7 user
interface of the Schrddinger suite (Small-Molecule Drug Discovery Suite 2021-4, Schrodinger,
LLC, New York, NY, 2021) (Schrodinger, 2015).

Each compound was docked with human DNA to understand their interactions at the en-
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zyme’s active site. Of all the major compounds present in Origanum Majorana L essential oils,
the binding affinities of them for DNA were comparable to that obtained by CV and UV (Table
10). This result indicates that the plant is a rich source of compounds which, either individually
or synergistically, resulted in the decrease of the activity of DNA as observed in the in vitro ex-
perimental DNA interaction study. Also, the interactions were spontaneous as observed from the

negative Gibb’s free energy values (Avwioroko et al., 2020).

Table 10. Docking score of the studied compounds

Compound Rigid Docking Score (Kcal/mol)  IFD scores (Kcal/mol)
trans thujone -5.569 -6.679
cis Verbenyl acetate -4.944 -6.054
Camphor -4.505 -5.615
alpha-Thujene -4.41 -5.5622
Sabinene -4.365 -5.475
Beta Pinene oxide -4.115 -5.225
alpha-Pinene -3.884 -4.994
1,8-Cineole -3.706 -4.816
Santolina triene -2.986 -4.096

The results in Figure 14 revealed that the best two compounds interacted with the nucleic
basis of the active site of the DNA via electrostatic interaction. Furthermore, it also confirmed
the possibility of the binding interaction between DNA and the phytoconstituents of Origanum
Majorana L essential oils investigated and observed using spectroscopic and cyclic voltametry
methods reported. The best ligand-binding poses in the DNA obtained after docking are as illus-

trated in Figure 14.
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Figureld. Molecular interactions of studied compounds with humane DNA
(Personal work.,2024)
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5. BSA Interaction Study:
5.1. Electrochemical BSA interaction study:

The protein binding studies of the extracted Origanum Majorana L essential oil were
performed by cyclic voltametry based experiments using bovine serum albumin (BSA) in buffer
ethanol/buffer phosphate solution at pH = 7.2. The experiments were carried out in the same
manner as described for DNA (Gharagozlou & Boghaei, 2008; Sathyadevi et al., 2011; Topala
et al., 2014). The method is based on recording the voltammograms of 2 mM solution of essen-
tial oil in 0.1 M 90% ethanol/buffer phosphate solution (KH2PO4/K2HPQ4) at pH = 7.2 with sup-
porting electrolyte 0.1 M tetra-n-butylammoniumtetrafluoroborate (BusNBF4) in the absence and
presence of increasing concentration of BSA. After every electrochemical assay the working
electrode was polished and the solution was degassed from oxygen via bubbling nitrogen gas for
at least 15 minutes.

5.1.2. Binding constants:

As shown in Figure 15, when an increasing amount of BSA was added to a solution con-
taining the studied essential oil the anodic peak current density decreased. Also, during BSA addi-
tion, the anodic peak potential showed a dislocation in the negative going direction for extract.
This finding is a proof that the studied essential oil interact with BSA by electrostatic mode (Ali
et al., 2013; Guo et al., 2007; Moriuchi et al., 2000; Savage et al., 2005), Figure 14 further in-
dicates that in the absence of BSA, the voltammograms show an anodic peak potential at 1.66 V.
While in the presence of 5.66, 1.0, 37.75, 14.2, 9.06 and 7.55 uM BSA, these peaks appear at
1.68, 1.69, 1.70, 1.71, 1.72, 1.73, 1.74, 1.75, 1.76 and 1.77 V respectively, with an apparently
negative shift of 0.01 V, this peak potential shift demonstrate that there exists interaction be-
tween the studied essential oil and BSA. Furthermore, the voltammograms also show a drop in
both the anodic and cathodic peak current densities. This drop can be attributed to slow diffusion
of the formed adducts BSA-EO.
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Figurel5. Cyclic voltammograms of 2 mM Origanum Majorana L essential oil recorded at
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0.1V s7! potential sweep rate on GC disk electrode at 298K in the absence and presence of in-
creasing concentration of BSA in 0.1 M 90% ethanol/buffer phosphate solution at pH =7.2 with
supporting electrolyte 0.1 M BusNBF4

The drop in anodic peak current density of EO-BSA adducts relative to the free EO is used
for the calculation of the binding constants and binding free energies using Equation 11 (Zhao et

al., 1999):

where [BSA] represents the BSA concentration (M); Ky is the binding constant (M™); ipo
and ip denote the anodic peak current density of the free and BSA-bound compound, respective-
ly (uA.cm?).

The plot of logl/[BSA] versus logl/1 — (i/io) gave a straight line (Figure 16) with a ‘y’

intercept equal to the logarithm of binding constant K.

5.1.2. Binding free energy:
The binding free energy change was calculated starting from Ky using Equation 10 described

previously. Binding parameters of EO-BSA adducts are listed in Table 11.
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Figurel6. Plots of log (1/1 — (ip/)) versus log 1 /[BSA] used to calculate the binding
constants of EO with BSA
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Tablell. Binding constant and binding free energy values for Origanum Majorana L essen-
tial oil with BSA from CV data

Adduct Equation R? Kb (M1 -AG (KJ.mol?)
EO-BSA y =1.237x + 5.359 0.976 2.29x10° 30.60

5.1.3. Diffusion coefficients
Figure 17 shows the electrochemical behavior of the essential oil in different scan rates, in
the absence and in presence of BSA. The voltammograms displayed clear stable anodic peaks.
The diffusion coefficients of the free and BSA bound form were determined using the Randles-
Sevcik Equation.

Currant density [puvany’]

Curant dansty [puvany’]
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Figure 17. Cyclic voltammetric behavior of Origanum Majorana L essential oil on GC
electrode in the absence (a) and in the presence of, 0.43 uM BSA in 0.1 M 90% ethanol/buffer
phosphate solution at pH = 7.2 and scans rates 0.5, 0.4, 0.3, 0.2 and 0.1 V.s** with supporting

electrolyte 0.1 M BusNBF4. The vertical arrowhead indicates increasing scan rate

The plots of the square root of the scan rate of potential </ versus the anodic current values
ip for essential oil in the absence and in presence of a given amount of BSA gave a straight
line, Figure 18. From the slope of these lines the diffusion coefficients were determined for the

free and BSA bound forms, values are summarized in Table 12
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Figurel8. Plots of Vv versus ip used to calculate the coefficients diffusion of free and BSA
bound forms

Table 12.Diffusion constants values of the free and BSA bound forms

Compound Equation R2 D(cm?.s?)
EO y = 15.728x + 19.069 0.998 8.099 x 10”7
EO BSA y = 14.1476x + 16.491 0.999 6.549 x 10”7

The diffusion coefficient of the EO_BSA adducts are lower than is that for the free EO in-
dicating the formation of a high molecular weight complex that diffuses slowly towards the elec-
trode.

5.2. Electronic spectroscopy BSA interaction study:

In order to validate the results obtained from cyclic voltametry techniques and to get com-
plementary method to it, electronic spectroscopy experiments was conducted to study the inter-
action of Origanum Majorana L essential oil with BSA in buffer phosphate solution
(KH2PO4/K2HPOQ4) at pH = 7.2. The absorption spectra of a fixed concentration (2 mM) of EO in
the absence and presence of gradually increasing quantity of BSA stock solution are shown in
Figure 19 The studied essential oil showed at one absorption peaks in the visible region. Upon
addition of BSA, a significant hyperchromicity was observed without any noticeable shift in the
position of maximum absorption peak that clearly indicated the formation of adduct between
BSA and the compounds of the EO (Shah et al., 2010).
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Figurel9. UV-visible absorption spectra of 2 mM of Origanum Majorana L essential oil in
presence of increasing concentrations of BSA in 0.1 M 90% ethanol/buffer phosphate solution

(KH2PO4/K2HPOg) at pH = 7.2 and 298K

5.2.1. Binding constants:
The change in absorbance values by increasing BSA concentration was used to evaluate

the intrinsic binding constants and binding free energies using Equation 9 described previously
(Isaac et al., 1999; Ni et al., 1997). The constant Ky is obtained from the intercept to slope ratio

of the plot of Ao/(A — Ao) versus1/[BSA], Figure 20.
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Figure 20. Plots of Ao/(A — Ao) versus 1/[BSA] used to calculate the binding constants

of essential oil with BSA

5.2.2. Binding free energy:
The binding free energy change was calculated using Equation 10, cited previously. Values

are listed in Table 13
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Tablel3. Binding constants and binding free energy changes for the studied essential oil
with BSA from UV-Vis data

Adduct Equation R? K (M1) -AG (KJ.mol?)

EO_BSA y = -4.48128x - 0.21122 0.99971 4.71 % 10° 32.39

5.3. Molecular Docking Study:

Molecular docking was carried out in order to predict the possible binding mode of the
identified compounds to BSA and to further visualise the interactions.

Before performing docking calculations, all the crystallographic water molecules were re-
moved from the crystal structure of BSA, hydrogen atoms were added and partial charges were
assigned to the BSA structure file. The resulting free binding energy of docked BSA- Ligands
adducts are summarised in Table 14

Table 14.Docking score of the studied compounds

Compound Rigid Docking Score (Kcal/mol) IFD scores (Kcal/mol)
trans thujone -6.479 -7.779

cis Verbenyl acetate -5.854 -7.154
Camphor -5.415 -6.715
alpha-Thujene -5.32 -6.62
Sabinene -5.275 -6.575
Beta Pinene oxide -5.025 -6.325
alpha-Pinene -4.794 -6.094
1,8-Cineole -4.616 -5.916
Santolina triene -3.896 -5.196
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Figure 21. Molecular interactions of studied compounds with BSA

(Personal work.,2024)
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6. ADMET and drug-likeness prediction:

Modern drug discovery involves assessment of competence of the dynamic molecules and
their strength to reach target site in bioactive form, which involves cellular, animal and human
clinical trials which are highly priced and encumbered with risks (Ranjith & Ravikumar, 2019;
Ranjith D & Viswanath S, 2019). Presently computer aided drug development encouraged the
estimate of absorption, distribution, metabolism and excretion of drugs (ADME), they postulate
anticipatory and dependable data very quickly and compliment for experimental approaches
(Ranjith & Ravikumar, 2019; Sliwoski et al., 2014). It has been determined that the initial ap-
praisal of ADME properties in the discovery period diminishes remarkably the fraction of phar-
macokinetics related failures in the clinical phase (Hay et al., 2014; Ranjith & Ravikumar,
2019).

In the present study we evaluated the ADME properties of the major compounds (more than
10%) present in the essential oil using SwissADME web tool. A total of 4 potent phytoconstitu-
ents were analysed to study general characteristics (Table 15), Physicochemical properties (Ta-
ble 16), lipophilicity and water solubility characteristics (Table 17 & 18), pharmacokinetic pa-
rameters (Table 19), drug likeness rule and bioavailability score (Table 20) and medicinal chem-
istry properties (Table 21), respectively. General characteristics of the studied compounds re-
vealed all the compounds having molecular weight less than 500 Da, which is a good prime

property to be called as drug likeness of the small molecules.

Tablel5. General characteristics of the phytoconstituents of essential oils

Sl Molecular Molecular weight
No  Compounds formula Canonical SMILES (g/mol)

1  Santolina triene CioHa6 CC(=CC(C=C)C(=C)C)C 136.23

2 trans-Thujone C1oH160 CC1C2CC2(CC1=0)C(C)C 152.53

3 1,8-Cineole C1oH150 CC1(C2CCC(01)(CC2)C)C 154.25

4 s-Verbenyl acetate C1oHi80,  C1=CC(C2CC1C2(C)C)OC(=0)C 194.27

60



Part 2: Experimental Chapter 2: Results and Discussion

Table 16.Physicochemical properties of the phytoconstituents of essential oils

Properties Santolina triene  trans-Thujone 1,8-Cineole cis-Verbenyl acetate
Num. heavy atoms 10 11 11 14
Num. arom. heavy atoms 0 0 0 0
Fraction Csp3 0.40 0.90 1.00 0.75
Num. rotatable bonds 3 1 0 2
Num. H-bond acceptors 0 1 1 2
Num. H-bond donors 0 0 0 0
Molar refractivity 48.76 45.90 47.12 56.12
TPSA (A2) 0.00 17.07 9.23 26.30

Tablel7. Lipophilicity characteristics of the phytoconstituents of essential oils

Properties Santolina triene  trans-Thujone 1,8-Cineole  cis-Verbenyl acetate
iLOGP 2.90 2.27 2.58 2.53
XLOGP3 4.22 2.27 2.74 3.73
WLOGP 3.33 2.26 2.74 2.54
MLOGP 3.56 2.30 2.45 2.65
SILICOS-IT 2.88 2.63 2.86 2.26

Consensus Log Po/w 3.38 2.35 2.67 2.74
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Table 18.Water Solubility characteristics of the phytoconstituents of essential oils

Small molecules SOL Al SILICOS-IT
LogS Solubility Class LogS Solubility Class Log S Solubility Class
(ESOL) (Al) (SILICOS-IT)
mg/ml mol/L mg/ml mol/L mg/ml mol/L

Santolina triene -3.15 9.75e-2 7.16e-4 S -3.93 1.60e-2 1.17e-4 S -2.04 1.24e-0 9.10e-3 S
trans-Thujone -2.15 1.08e-0 7.11e-3 S -2.27 8.27e-1 5.43e-3 S -2.15 1.08e-0 7.10e-3 S
1,8-Cineole -2.52 4.63e-1  3.00e-3 S -2.59 3.98e-1 2.58e-3 S -2.45 5.45e-1 3.53e-3 S
cis-Verbenyl acetate -3.26 1.06e-1 5.47e-4 S -3.97 2.06e-2 1.06e-4 S -2.11 1.51e-0 7.78e-3 S

Tablel9. Pharmacokinetics parameters of the phytoconstituents of essential oils

Proprieties Santolina triene trans-Thujone 1,8-Cineole cis-Verbenyl acetate

Gl absorption Low High High Low

BBB permeant Yes Yes Yes Yes

P-gp substrate No No No No
CYP1A2 inhibitor No No No No
CYP2C19 inhibitor No No No No
CYP2C9 inhibitor No No No Yes
CYP2D6 inhibitor No No No No
CYP3A4 inhibitor No No No No

Log Kp (Skin Permeation) (cm/s) -4.13 -5.62 -5.30 -4.84
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Table 20.Druglikeness rule and bioavailability score of the phytoconstituents of essential oils

Proprieties Santolina triene trans-Thujone 1,8-Cineole cis-Verbenyl acetate
ipi i es; 0 violations es; 0 violations es; 0 violations es; 0 violations

Lipinski Yes: 0 viol Yes: 0 viol Yes: 0 viol Yes: 0 viol
Ghose No; 1 violation;: MW<160 No; 1 violation; MW<160 No; 1 violation: MW<160 Yes
Veber Yes Yes Yes Yes
Egan Yes Yes Yes Yes

Muegge No; 2 v)l(oll_aotlgr;s::;\élgvg<200, No; 2 \S:tlg::)oarzz:ml\ngfZOO, No; 2 violations: MW<200, Heteroatoms<2 No; 1 violation: MW<200,
Bioavailability score 0.55 0.55 0.55 0.55

Table 21.Medicinal Chemistry properties of the Phytoconstituents of essential oils

Proprieties Santolina triene trans-Thujone 1,8-Cineole cis-Verbenyl acetate
PAINS 0 alert 0 alert Oalert Oalert
Brenk 1 alert: isolated_alkene Oalert Oalert 1 alert: isolated_alkene
No; 2 violations: MW<250, o o No; 2 violations: MW<250,
Leadlikeness No; 1 violation: MW<250 No; 1 violation: MW<250
XLOGP3>3.5 XLOGP3>3.5
Synthetic accessibility 3.22 2.79 3.65 4.50
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Lipophilicity property of the compounds portrays an important role for molecular discov-
ery activities in multifarious domains. The quantitative descriptor of the lipophilicity is the parti-
tion coefficient P of a given molecule between n-octanol and water system (Daina et al., 2014).
Because of its amphiphilic nature, n-octanol is considered a good mimic of phospholipid mem-
brane characteristics (Liu et al., 2011). Multifarious algorithms are accessible to compute log
Po/w, which rely on factual methodologies. The classic log P predictors branched in to two divi-
sion, first ones split molecular structures into molecular fragments includes fragmental approach
e.g. KLOGP (Klopman et al., 1993), KOWWNIN (Meylan & Howard, 2000) or atomic approach
e.g. ALOGP (Ghose et al., 1998; R. Wang et al., 1997), XLOGP (Cheng et al., 2007; Moriguchi et
al., 1994). The second division gathers the topological methods in which, the molecules descrip-
tion is related to its topology being as count or flags for specific atoms, groups or structural
properties e.g. MLOGP (Brenk et al., 2008; Moriguchi et al., 1992), the prediction attained by
manifold linear regression trained on large molecular data sets. The SILICOS-IT is a hybrid
technique which combines both molecular fragments and topological parameters, which confide
on 27 fragments and 7 topological descriptors, it was disciplined on 23,455 molecules with ex-
perimental n-octanol/water partition values (Daina et al., 2014). The version three of the XLOGP
atomic model is established on a system of 87 fragments and two corrective factors. If the input
structures are similar to a reference compound, the fragments differentiating them are treated and
the corresponding log P contributions added to the reference structure log P value (Cheng et al.,
2007). Lipophilicity estimated as consensus Log P, which is the average value of all Log P evalu-
ated with various lipophilicity criteria, determined 1,8- Cineol as most lipophilic whereas santo-
lina triene as least lipophilic and water solubility of the small molecules ranged from highly water
soluble to water soluble.

The SwissADME model returns “Yes” or “No” if the compound under examination has
greater probability to be a substrate or non-substrate of P-gp or inhibitor or non-inhibitor of Cy-
tochrome P450 isoenzymes (CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4). 64

The pharmacokinetics and drug likeness performed using SwissADME showed a low level
of Gl absorption and BBB permeant with santolina triene and cis-Verbenyl acetate while a high
absorption detected with trans-Thujone and 1,8-Cineole. All the compounds present in the essen-
tial oils are not the substrates for P-gp (Table 19), so they are not susceptible to the efflux mecha-
nism performed by this transporter which is used by many tumours cell lines as a drug- re-
sistance mechanism (Ranjith & Ravikumar, 2019)

All of the small molecules returned as non-inhibitors for inactivation for CYP isoenzymes.

The skin permeability coefficient (Log Kp), a multiple linear regression, the more negative the
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log Kp (with Kp in cm/s), the less skin permeant is the molecule. Among the phytoconstituents,
trans-Thujone (-5.62) is the least permeant and santolina triene (-4.13) is highly permeant respec-
tively. This SwissADME section gives access to five different rule-based filters, with diverse
ranges of properties inside of which the molecule is defined as drug-like. The Lipinski (Pfizer)
filter is the pioneer rule-of-five implemented and with the Ghose (Amgen), Veber (GSK), Egan
(Pharmacia) and Muegge (Bayer) methods. Multiple estimations allow consensus views or selec-
tion of methods best fitting the end-user’s specific needs in terms of chemical space or project-
related demands. Any violation of any rule described here appears explicitly in the output panel.
All the four compounds followed the filtered rule invoked in the SwissADME; the violation
shown by the molecules are minimal.

SwissADME interpretation posts 0 PAINS alert of the 4 studied compounds. Brenk con-
sidered compounds that are smaller and less hydrophobic and not those defined by “Lipinski’s
rule of 5” to widen opportunities for lead optimization. This was after exclusion of compounds
with potentially mutagenic, reactive and unfavourable groups such as nitro groups, sulphates,
phosphates, 2-halopyridines and thiols (Brenk et al., 2008). All the compounds examined flouted
Brenk’s rule with only one alert, all the compounds failed Lead-likeness criteria due to their mo-
lar weight.

In silico toxicity study aims to help in optimizing compounds regarding their toxicity pro-
prieties. The study could offer an important improvement to the awareness of the full perspective
of virtual screening for the identification of target compounds with negligible or no toxicity,
which may open a path for the selection of novel nontoxic phytoconstituents present in Origa-
num Majorana L essential oils with high antidiabetic activity. In silico toxicity study of the cho-
sen compounds was performed using the ProTox-Il web server (Drwal et al., 2014). It aims to
predict hepatotoxicity (Dili), carcinogenicity (Carcino), immunotoxicity (Immuno), mutagenicity
(Mutagen), cytotoxicity (Cyto), median lethal dose (LD50), and toxicity class (TC).

According to in silico toxicity profiles presented in Table 22. the toxicity class of all the
phytoconstituents was detected to be equal to 5 except the trans-Thujone which predicted to be

4. Santolina triene, trans-Thujone, 1,8-Cineole and cis-Verbenyl acetate were predicted to

be nontoxic except in immunotoxicity for the last wrote compound.
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Table 22. In silico toxicity profiles of the studied compounds

Molecule Dili  Carcino Immuno Mutagen Cyto LDso TC
(mg.Kg™)

trans-Thujone Inactive 500

1,8-Cineole Inactive 2480

ol o B~ o1

cis-Verbenyl acetate ~ Inactive Inactive 2600

1. Molecular Dynamics Simulation:

Molecular Dynamics Simulation (MDS) investigations were conducted for the premier
compound show the best IFD score, trans- thujone, in complex with BSA. The principal objec-
tive of these MDS endeavours was to subject the ligand-receptor complex to physiological condi-
tions, a feat unattainable through the confines of molecular docking (Dumitrica & James, 2007).
Throughout the MDS protocol, a trajectory frame was generated at intervals of 100 picoseconds
(Tu et al., 2008), accumulating a total of 1000 frames over the course of a 100- nanosecond sim-
ulation. Analysis encompassed metrics such as 'Root Mean Square Deviation (RMSD), and 'Root
Mean Square Fluctuation (RMSF). Specifically, RMSD values were computed by aligning the
frames of the protein and ligand-protein complex with the reference frame, respectively. These
analytical approaches provide a detailed understanding of the structural stability and dynamic
fluctuations exhibited by the Ligand-BSA complex throughout the simulation period (Schreiner
etal., 2012).

The Root Mean Square Deviation (RMSD) values for the complex consistently fall within
the acceptable range of 0 — 2 A. Examination of the analysed complex revealed no significant
conformational alterations; however, an initial minor deviation was discerned in the vicinity of

8 — 20 nanoseconds, and a subtle drift was observed approximately between 45 — 55 nano-
seconds. Beyond these periods, the complex demonstrated marked stability throughout the entire-
ty of the simulation process, with no notable occurrence of major conformational changes. (Figure
22).
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Figure22. RMSD plot of trans- thujone and BSA complex

The Root Mean Square Fluctuation (RMSF) analysis provides insights into local variations

along the protein chain, facilitating the identification of residues contributing to structural fluctua-

tions within the complex (Dey et al., 2021). In the examined complex, the observed fluctuation var-

iation remained below 3 A. Major fluctuations (2.20-2.63 and 1.81-2.96A) were observed in the C-

terminal and loop regions (223-225 and 363-366), respectively, which are positioned away from the

binding pocket of BSA. Except for the loop regions, the RMSF values of most residues are less than

1.5 A, indicating that the residue conformation is relatively stable during the simulation. A graph-

ical representation of the RMSF plot depicting the specific ligand interactions with amino acid res-
idues in the protein is presented in Figure 23.
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Figure23. RMSF plot of trans- thujone and BSA complex
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Within the investigated complex, notable hydrogen bond interactions were observed in-
volving HIS299, ASP197, and TRP58. Additionally, water-mediated hydrogen bond interactions

were formed, encompassing the same residues, as visually depicted in Figure 24.

A:
HIS
299

A:
ASP
1

TRP
58

Figure 24. Interaction diagram of protein-ligand after MDS

The analysis of Protein-ligand contact serves to elucidate the temporal continuity of inter-
actions between the ligand and protein amino acids throughout the simulation. A numerical repre-
sentation is employed, where a value of 0.5 denotes that a specific interaction was sustained for
50% of the simulation duration. Conversely, a value exceeding 1 suggests that protein amino ac-
ids may establish multiple contacts of the same subtype with the ligand (Hatmal & Taha, 2017).

In the context of the investigated complex, the interaction values for the residues GLU240,
HIS201, ASP197, GLN63, GLU233, and THR163 are recorded as 1.25, 1, 1.75, 1, 0.60, and

1.5, respectively. These values signify varying degrees of sustained interactions between
the ligand and corresponding amino acid residues. The graphical representation of the protein-

ligand contact histograms for the complex is depicted in Figure 25 for visual elucidation.
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Figure25.. Histogram of protein-ligand complex

To comprehensively investigate the interactions between the ligand and BSA receptor, two
supplementary panels were introduced by Schrddinger post Molecular Dynamics Simulation
(MDS), as depicted in Figure 26. The upper panel provides insights into the total number of spe-
cific contacts established by the protein with the ligand throughout the trajectory. Conversely,
the lower panel delineates the residues engaged in interactions with the ligand in each trajectory
frame.

Notably, certain residues exhibit multiple specific contacts with the ligand, visualized
through varying shades of orange on the plot, in accordance with the scale positioned to the right
of the diagram. This nuanced representation captures the dynamic nature of the interactions, of-
fering a detailed portrayal of the residues that consistently contribute to the ligand-receptor inter-
face. The incorporation of these supplementary panels enhances the granularity of our under-
standing of the molecular dynamics and specific contacts governing the ligand-receptor interac-

tion over the course of the simulation.

69



Part 2: Experimental Chapter 2: Results and Discussion

ASN_53
TRP_58
TRP_59 |
TYR_62
GLN_63 - 1w
HIS_101

ASN_105
ALA_106
TYR_151 |

ASN_152 -
LEU_162

THR_163 L[] AR I il TR
GLY_164
LEU_165

ARG_195 -
asp_197 | NETMENE 0 ADAOE 00 Ot || NS SRR 0w
ALA_198
SER_199
LYS_200
HIS_201

GLU_233
ILE_235
ASP_236
LEU_237 -

GLU_240 | 00
HIS_299
Asp_300 |
GLY_304
His_305 - | |
GLY_306

ALA_307 -
GLY_308

ASN_352
ASP_356 LI | 111 ]

Time (nsec)

Figure 26. Details of the protein ligand contact

2. Free Energy (MM-GBSA) Calculation:

To evaluate the binding efficacy of the preeminent compound, trans- thujone, with the BSA
protein, the Prime-MM-GBSA method was applied to compute the binding free energies. The
establishment of stable complexes is evidenced by favourable binding interactions between the
compound and the protein. The determination of binding free energy entails the consideration of
various energy components, encompassing van der Waals (vdW), lipophilic (lipo), Generalized
Born electrostatic solvation (Solv GB), Coulomb, and hydrogen-bonding (hbond) energies. The
discrete contributions of these energy components to the overall binding free energy of the trans-

thujone -BSA complex are delineated in Table 23.
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Table 23. Energy components of the studied complex

Component Energy (kcal/mol)
AG Bind -61.14

AG Bind Coulomb -30.03

AG Bind Solv GB 48.10

AG Bind vdW -54.91

AG Bind lipo -20.51

AG Bind hbond -3.79

Notably, AG Bind is calculated at -61.14 kcal/mol, indicating a robust favourable binding
interaction. Individual positive contributions include Coulombic energy at -30.03 kcal/mol, van
der Waals interactions at -54.91 kcal/mol, lipophilic energy at -20.51 kcal/mol, and hydrogen-
bonding energy at -3.79 kcal/mol. However, solvation energy through Generalized Born model
contributed negatively at 48.10 kcal/mol. This collective interplay of energy components under-

scores the strong binding affinity observed in the complex.
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Conclusion

This thesis focused on the biological activity of Origanum Majorana L essential oil in the
laboratory, in addition to predicting its behavior within the silico through molecular docking and
molecular dynamics. The results revealed that this oil possesses several intriguing biological
activities, in- cluding anticancer properties, making it a valuable compound in medicine and
pharmacology. La- boratory tests indicated that wild thyme oil exhibits significant anticancer
activity against breast, lung, and prostate cancer cells. This anticancer activity of the oil was
observed with both DNA and BSA protein. These results suggest that wild thyme oil has
significant therapeutic potential for treating various diseases.

Molecular docking and molecular dynamics simulations in silico confirmed the laboratory
test results by demonstrating that wild thyme oil binds to active sites of certain cancer-related
enzymes. Additionally, molecular dynamics simulations showed that ligand- protein complexes
remained stable throughout the simulation period.

Toxicity predictions indicated that wild thyme oil has low toxicity, supporting its potential
as a therapeutic compound. The findings of this study may help guide future research on the use

of this oil as a potential drug for treating various diseases.
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