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Chapter 1

Introduction



1.1. Cancer

Most definitions of cancer correspond with the curreational Cancer InstitutéNCI)
RSTAYAGAZ2Y G/ yOSNI Aa || RAaSrHaS Ay oKAOK &
ALINBI R (2 20 KSNhtibdlalldinger |8siitute) 20B0r With tRedéscription

by theWorld Health Organization 2 | ho 2F OF YyOSNJ a &l 23Sy SN
RA&aSIFasSa dGKFdG OFy adlk NI Ay (WHO(2024b)Rdcghtly 2 NH I
' INRdzL) 2F NBASI NOKSNB LINRPLR2A&ASR Fy dzZJRI SR
dzy O2y i NRff SR LINRPEfATFTSNI A2y o0& UGNIYaFT2N¥YSR
(Brown et al., 2023)The rapid and uncontrollable proliferation of abnormal cells leads to
metastasis, a critical process where the uncontrolled growth eventually invades other
tissues and organs. Widespread metastases are the primary contributor to mortality
associated witltancer(Cancer Research UK, 2023b; National Cancer Institute, 2024; WHO,
2024b)

1.1.1. Global cancer incidence and common types

Cancer has always afflicted human beings, although its relative impact was overshadowed
by early death from infectious diseases for centuries. Nowadays, cancer is considered the
first or second leading cause of premature mortality (i.e. at age®3§ear$ in 134 of

183 countries including the UK. It ranks third or fourth in an additional 45 countries
including SyrigSung et al., 2021The tendencies of global incidence and mortality figures

of the six major cancer types (lung, breast, colorectal, prostate, stomach and cervical
cancer) vary across regions and countries, this can be attributed to their income level,
Human Development brex, screening programmes application and also to the availability
of recent data from national cancer registri@¥ild, Weiderpass and Stewart, 2020a; Sung

et al., 2021)

Lung cancer is the most common cancer type worldwide in terms of both incidence, i.e.,
new recorded cases and mortality. The major cause is tobacco smoking which is
responsible for more than 90% of lung cancer deaths in countries where smoking is
prevalentin both sexegThandra et al., 2021)'he most commonly diagnosed cancer in

women is breast cancer, and it is the leading cause of cancer death in women globally



(670,000 deaths in 2022WHO, 2024a)Although mortality rates have decreased in
countries with highhumandevelopmentindex colorectal cancer ranks second in terms of
mortality worldwide, considering the mortality rates are increasing in many- lanad
middle-income countriegXi and Xu, 2021Additionally, the incidence rates of colorectal
cancer have increased in younger age groups and recent generations in several countries.
Globally, prostate cancer is now the second most common cancer in men worldwide, while
stomach cancer ranks fifth terms of incidence and third in terms of mortality. Cervical
cancer incidence and mortality rates have declined in most countries in recent decades, as
a result of the detection by screening. However, increasing rates have been observed in

younger generatins of women in some countri€¥he Global Cancer Observatory, 2020)

In the UK, 167,000 cancer deaths have been recorded every year betweenr2@0D3)/
Onefifth of them are from lung cancdCancer Research UK, 2023aaily, around 1000

new cancer cases are diagnosed in the UK (Ze) (Wild, Weiderpass and Stewart,
2020b; Cancer Research UK, 202Bhg latest global burden of cancer can be found online

in The GLOBOCAN 2020 database as part dinteenational Agency for Research on
Ca n c @ARQGlobal Cancer Observatory. The recent estimates of new cases and deaths
in 2020 released by GLOBOCAN are represented in (Figur€dThd)Global Cancer
Observatory, 2020)The pie chart (Figure 1.1) shows that lung cancer is still the most
common cancer type regarding the death numbers while breast cancer has become the

most common in terms of new cases records. Unfortunately, it seems that liver cancer

International Agency for Research on Cancer
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causes a higher percentage of deaths, ranking third among the cancer types in mortality

rates.

There are increasing global inequalities in cancer management and outcomes. While
mortality rates from cancer are declining in most higimome countries with higher
human developmentindex (cancer survival has doubled in the last 40 years in the UK),
such progress is lacking in lowiacome countries. Moreover, it is estimated that there
will be approximately 20 million new cancer cases globally by the end of the year 2025.
Consequently, fiding effective new treatment options and potential strategies for the
prevention of cancers remains a major challenge for drug discovery researchers and
pharmaceutical companie@Vild, Weiderpass and Stewart, 2020b; Cancer Research UK,
2023a)

1.1.2. Cancer incidence and statistics in Syria

Tumours are the third cause of mortality in Syilidanachi et al., 2022Before the onset
of the conflict in 2011, Syria had an estimated 17,599 new cancer cases in 2009, with 52%
of the cases occurring in males and 48% in females, according to the Syrian National Cancer

Registry (SNCRYlanachi et al., 2022)

In 2018, the WHO reported 23,170 new cancer cases and 14,042 gatated deaths,
which showed a higher cancer incidence in the country. Breast cancer had the highest
incidence rate of 21.3%, while lung cancer had the highest mortality rate of {SH¥@,

2020)

According to Al Bairouni University Hospital (the hospital which manages more than 60%
of all Syrian cancer patients), the pagéar period has seen a notable increase in cancer
cases, there were about 9000 annual new cases as observed in the Al Bairouamsitin
Hospital's 2020 dat@Manachi et al., 2022)

The most recent statistics were published online by GLOBOCAN addressing the number of
new cases in both sexes for 2022, all ages, where breast (46.2%), lung (17.8%), prostate
(17.6%), colorectal (10.9%), and leukaemia (8.4%) account for the highestGéstesl
Cancer Observatory, 2022)



Since the 2011 conflict, Syria experienced crucial challenges affecting the government and
medical professionals with over a decade of war, which had severe consequences on
health care, i.e., destruction of healthcare facilities, economic sanctions, people
displacements, and loss of human resourdd%anachi et al., 2022)Despite these
difficulties, Syria has employed global preventive measures such as the HPV vaccination

program and cervical cancer screen{ifgHO, 2020Q)

However, there are still significant gaps in early detection and treatment services, which
further complicates cancer management in the wiarm country. Serious strategies such

as reducing cancer incidence rates through primary prevention and improvimgeica
research are urgently needddiVHO, 2020; Manachi et al., 2022)

1.1.3. Cancer causes and risk factors

Recognizing what is known about cancer causes and risk factors is a fundamental way to
identify cancer management options. Cancer causes are categorised into internal and
acquired factors. Internal factors include inherited mutations, hormones and immune
conditions. Acquired, which are also known as lifestyle or environmental factors comprise
radiation, diet, tobacco, alcohol and infections. While the hereditary factors cannot be
modified, the acquired and the environmental factare modifiable(Anand et al., 2008b;

GBD 2019 Cancer Risk Factors Collaborators, 2022)

The genetic material inherited from generation to generation can pass the risk of
developing certain cancers. Fortunately, the observations suggest that most cancers do
not originate as a result of hereditary origin, as the mutations with high penetraree a
rare in the population as a whole, and account for ug%eof all cancers worldwidéSloan

and Gelband, 2007; Anand et al., 2008&jhe leading risk factors can be different
depending on the region and the Sodemographic Index (SDI). The top two leading risk
factors in the middle SDI quintile in 2010 and 2019 are smoking and alcohol consumption.
While they are followed by high BMI in high SDI regions, unsafe sex is on the top three list
of leading risk factorsnilow SDI region§GBD 2019 Cancer Risk Factors Collaborators,

2022)



Tobacco and alcohol

Tobacco use is the largest single contributor to cancer mortality. Smoking and alcohol
consumption can change several cellular signalling pathvibgg, cantrigger oxidative

stress andNFR¢ .activation, cf kpi " vg" vjg" tgngcug" gh" rtgkp Oc
cvvtcev"koowpg"egnnuO"Vjku"tguwnvu"kp"kpetgcug
ogvecnngrtgvgcugu"d{"pgwvtqgrjknu."ecwu(Read," vkuuw
Zhu and Yang, 2021Jobacco contains more than 50 carcinogdresizda]pyrenediol

epoxideA & 2y S 2F G206l 002Qa YSGloz2ftAdSa GKFG KU
carcinogen can penetrate the oesophagus when combined with ethanol. Research
suggests that ethanol is not a carcinogen itself but is nedgecocarcinogen, as when it is
metabolized, acetaldehyde and free radicals are generd&dan and Gelband, 2007;

Anand et al., 2008a; Read, Zhu and Yang, 2021)

Diet, body weight, and physical activity

Diet, obesity, and physical inactivity levels are vividly correlated together to either
promote or reduce the risk afancer.

Longterm exposure to food contaminants has been associated with the induction of
carcinogenesis. Food can be contaminated with naturally occurring (mycotoxins produced
by fungi) or manmade carcinogens (pesticides and industrial chem(ialgjel, Olsen and

Bar, 2023)

In addition, food additives such as nitrates and dioxins, the heterocyclic amines produced
during meat cooking, and carbon compounds resulting from meat smoke curing have a
strong cancerous effe¢iWorld Cancer Research Fund International, 2018)

Obesity and cancer main denominators include endogenous hormones; such aslikeulin
growth factor 1 (IGR), insulin, and leptin; sex steroids; adiposity; insulin resistance; and

inflammation(Sattar, Nisar and Nwosu, 2021)

Infectious agents

Infectious pathogens are strong and modifiable causes of cancer. The four most important
are Helicobacter pylorihuman papillomavirus (HPV), hepatitis B virus (HBV) and hepatitis
C virus (HCV). These pathogens together account for more than 90% of iniettita

cancers worldwidéde Martel et al., 2020)
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Environmental pollution and radiation

According to a European Environment Agency (EEA) report publisBé@2 over 10% of

all cancer cases in Europe are attributableetqosure to air pollution, secondand
smoke, radon, ultraviolet radiation, asbestos, certain chemicals and other pollutants
(European Environment Agency, 2022A8ir pollution includes indoor (tobacco smoke,
formaldehyde, and volatile organic compounds) and outdoor (chemicals mixture of
vehicular exhaust). About 2% of all cancer deaths in Europe can be attributed to air
pollution, with lung cancer to be the mosttebutable 9% European Environment Agency,
2022a)

Both ionizing and nonionizing radiations are responsible for the induction of up to 10% of
total cancer cases. Nonionizing radiation resulting mainly from surdatttinsultraviolet
(UV) raysExposure to UV radiation either from sunlight or sunbeds for cosmetic tanning

causes a growing incidence of melano(Béoan and Gelband, 2007; Anand et al., 2008a)

1.14. Carcinogenesis

The carcinogenesis process is complex and often prolonged. Its duration might take from
a few years to several decades. Cancer development involves the conversion of normal
cells into malignant cells, meanwhile, a steady accumulation of mutations occbrsh W

in turn, leads to uncontrolled division and cellular growth. Fundamentally, DNA alterations
induced by mutations contribute to the occurrence of cancer. Numerous sources can
initiate the mutations, including genetic factors, lifestyle choices, enwiemtal
exposures or errors in the DNA replication proc@seston and Harris, 2003; Baptista et

al., 2023)

The observations of aggependent cancer incidence estimate that a minimum of four to
sixindependent steps are involved in carcinogenesis. Thus it can be conceptually divided
into tumour initiation, tumour promotion, malignant conversion, and tumour progression
(Weston and Harris, 2003)XFigure 1.2) represents the four operational phases of

carcinogenesis (initiation, promotion, progression and metastasis).



Normal cells Initiated cells Preneoplastic cells Neoplastic cells Malignant tumor

Initiation ..). Promotion

AR T

.(./

Progression Metastasis

DNA repair

CAIdemB ¢ & T2 dzNJ 2 LISNI o 2 y Iof. I LBslA&EIS & &
1.14.1. Tumourinitiation

Carcinogenesis may be initiated by the effect of various biological, physical or chemical
agents like viruses, radiation, UV light, or DNA replication errors. Leading tethaih
permanent genetic errors within cells (mutations). The accumulation ofettmegtations
creates changes in the DNA sequence. If the mutated cell fails to repair the damage in the
DNA, allowing abnormal cells to proliferate and progress to the phases, the initial
irreversible genetic change can cause tumour transformation. Howdwedamaged cell

is not yet cancerous, and, in most cases, cells can repair the DNA within days or weeks,
making the initial phase inadequate for cancer developm@keston and Harris, 2003;
Baptista et al., 2023)

1.14.2. Tumour promotion

Promotion is the second stage of the multistep carcinogenic process. In this stage, specific
agents (promoters) enhance the expansion and division of the initiated cells by providing

them with selective growth advantages over normal cells.

The expansion of initiated cells thus, produces a larger population of cells that are at risk
of further genetic changes and malignant conversion. The promoter activity on the
initiated cell is epigenetic, reversible but cumulative (ddependent effect)jt requires
multiple exposures of the initiated cell to the promoter agent to produce cancer. However,
promoters have no effect when the cells have not been previously exposed to an initiator

(Weston and Harris, 2003; Baptista et al., 2023)



1.14.3. Tumour progression

Tumour progression is the third phase of the process associated with the development of
the cell into a biologically malignant cefrogression comprises the expression of the

malignant phenotype and the tendency of malignant cells to acquire more aggressive
characteristics over time. In other words, where neoplasia develops from a low grade to a

high grade of malignancy. Which all tolger make this process irreversible.

A prominent characteristic of the malignant phenotype is the increased invasiveness,
tendency for genomic instability and modifications in biochemical, metabolic, and
morphologic characteristics, also, neoplasias develop the ability to metas{@8ezston

and Harris, 2003; Baptista et al., 2023)

1.14.4. Metastasis

This final stage is the spread of cancer cells from the primary site to other parts of the body
mainly through the bloodstream or the lymph system. Several mechanisms are involved in
metastasis: cell migration, angiogenesis, matrix degradation, and evasitime host
immune system. Additionally, metastasis may involve the ability of tumour cells to secrete
proteases that allow invasion beyond the immediate primary tumour locafieston

and Harris, 2003; Baptista et al., 2023)

1.15. Cancer treatment

Several options for cancer treatment modalities are presently in use. The choice of
treatment depends on the cancer type, location, and severity |@&bbas and Rehman,
2018)

In this era worldwide, over 60% of all ongoing medical treatment trials concentrate on
cancer management The most widely used conventional treatment approaches are
surgery, chemotherapy, and radiotherapy, while the modern modalities include hormone
based therapy, artangiogenic, stem cell therapies, and immunothergpypbas and
Rehman, 2018; Debela et al., 2021)



1.15.1. Chemotherapy

Chemotherapy is considered the mainstay of cancer treatment and the most effective
modality in several types of cancgiBaboTrubelja and Gottumukkala, 2023While cell
proliferation is normally regulated by cell death in healthy bodies, in malignant growth
chemotherapy intervenes to cause genotoxicity within tumour cellsrtpose apoptosis

or terminate their ability to divié. Hnce, chemotherapeutic medications are categorised
into two cytotoxic and cytostaticdrugs, respectivelyAbbas and Rehman, 2018; Dabo

Trubelja and Gottumukkala, 2023)

Chemotherapy is mainly systemic and passes through the body to approach cancer cells'
location. However, chemotherapy is usually combined with localised and targeted
modalities such as radiotherapy or surgery, where it can be applied to make the tumour
smdler before surgery or radiation therapy, also it can be used afterwards to destroy any

remaining cancerous cel{dlational Cancer Institute, 2022)

Additionally, chemotherapeutic agents, which currently count to more than 100 drugs,
might be used as a single treatment or in combinaiidbbas and Rehman, 201&)lassic
chemotherapeutic agents are classified depending on their chemical nature and function
(DabeTrubelja and Gottumukkala, 2023)

Alkylating agentgeplace the alkyl group with hydrogen atoms in DNA and stop the cancer
cell division. Thepre usedA Yy f @ YLIK2 Yl = f Sdz2l F SYAl T  Ydzf (A L3
disease. The downside of these agents is that they can cause bone marrow damage and

leukaemia in longerm applications (8L0 years).

Antitumor antibiotics (Anthracyclinesjnhibit the enzymes required for DNA replication.

Critical limit usage of these drugs can damage the heatrt.

Antimetabolitesare nucleotideanalogues with DNA and RNA. They inhibit the replication

of cancer cells (leukaemia, cancerghaf ovary, breastandintestinal tract).

Topoisomerase inhibitorsnhibit the topoisomerase enzyme, so the cancer cell cannot

replicate(Abbas and Rehman, 2018; Dabaubelja and Gottumukkala, 2023)
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tumour-specific and can damage healthy cells as {@dlbeTrubelja and Gottumukkala,
2023)

Consequently, although chemotherapy has reduced morbidity and mortality, it is highly
associated with several side effects including dose selection difficulty, rapid drug
metabolism and lack of specificity. It targets many types of-dastling cells, inading
healthy cells like the ones that line the mouth and intestines and the cells responsible for
hair growth. Eventually, the damage to these cells will result in mouth sores, nausea, and
hair loss(Abbas and Rehman, 2018; Debela et al., 2021; National Cancer Institute,
2022) Another major limitation of chemotherapy is drug resistance, wherein the same
cells which were suppressed by the drug reduce its uptake and increase drug@éheta

et al., 2021)

1.15.2. Radiation therapy

This therapy modality depends on the use of physical entities; electromagnetic sources use
-1 FYR 3FYYlF NIe@az FyYyR OKINHSR LI} NIAOf Sa
The highenergy radiation inhibits the cells' division and stops their proliferation ability by
damaging their genetic material. Cancer cells continue to die for weeks and months after
radiation therapy sessions. Similar to chemotherapy, this modalitybeansed before
surgery to shrink the tumour or after it to destroy cancer cells left behind. The high cost
and big size of the machines operating radiotherapy limit their (4ddas and Rehman,

2018; Debela et al., 2021; Dafloubelja and Gottumukkala, 2023)

1.15.3. Surgery

Surgery is the most effective modality at an early stage of disease progression. It assures

less damage to the surrounding tissues than chemotherapy and radiotherapy.
The health situation of the patient, pain, wound infection, blood clots and other

complications related to any operation procedure are major limitations of cancer surgery

(Abbas and Rehman, 2018; Debela et al., 2021)
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Recently, modern radisurgical techniques were launched, the exposure of small areas of
the body to very high doses of radiation to damage and destroy selected organs or areas
is the principle of a radiaticbased surgical knife. Although no cutting oadblis used in

this procedure, the risk of damaging surrounding tissues by the beam of radiation is still a
concern(Abbas and Rehman, 2018)

1.15.4. Other cancer treatment

Side effects associated with conventional methods of cancer treatments feature the
opportunity for novel and modern cancer treatment methods, which are; hormone
therapy (steroidsashormore A { S RNHzZIA 0 I AYYdzy2(G KSNI LI oI Ot
immuneresponsekancer vaccines (by incorporating DNA, RNA and tumour viral antigen

to initiate cellular responsesgnti-angiogenesis inhibitors (to cut off the blood supply to

the tumour cells, i.e., thalidomide), and stem cells and bone marrow trans{Adias and

Rehman, 2018; Dabkbrubelja and Gottumukkala, 2023)

Overall, a variation of cancer treatment modalities is applied from conventional to
modern. Considering the severity of complications for each of them, including cost, healthy
cell toxicity and resistance, there is a crucial need to work for some advamt@meancer

treatments(Abbas and Rehman, 2018)

1.2. Natural products and cancer

Historically, several plants and numerous natural compounds have long been used
for the treatment of human ailments including cancers and tumou.g. taxaes
(paclitaxel (taxol) docetaxel, cabazitaxgl podophyllotoxin and its derivatives
(etoposide, teniposle), vinca alkaloids (viblastine, vincristine, vindesine,
vinorelbing (KINGHORN et al., 2016)

Plants biosynthesise several chemical compounds. Secondary metabolites are
produced through cellular metabolic pathways. These secondagyaboliteshelp

the plants to survive and protect themselves against pathogens and environmental

challengeqHowes, 2018; Hussein andAhssary, 2019)



Traditionally, several applications of herbal remedies were attributed to the plant's
secondary metabolites. Later these phytochemicals served as foundational
prototypes for the formulation of sermsynthetic analogues, considered among the
most effective ancer chemotherapeutics currently availabl€ragg and Pezzuto,
2016; Sarker et al., 2020)

A survey by the National Cancer Institute (NCI) showed that 69% of anticancer drugs
which were approved between 1980 and 2002 and are currently used in clinical
practice are either natural products or were developed based on knowledge gained
from natural poducts (Alachkar et al., 2011; Sarker et al., 2028hough these
compounds are among the most effective chemotherapeutics in use tosaye
suffer from the liabilities of poor solubility in agueous media and significant toxic side
effects. Thus, further and constant reseaiststill needed for the potential discovery of

new and safe cancer drug€ragg and Pezzuto, 2016)

1.2.1. Chemotherapeutic effects ofatural products

Nature has continued to remain an attractive source of biologically active molecules
for anticancer drug developmen{Cragg and Pezzuto, 20168Jumerous natural
products or their semsynthetic analogues are successfully used in clinical practice
as anticancer drugs. They can be categorised into four grotulophyllum
hexandrum(etoposide and teniposide)laxus brevifoligpaclitaxel and docetaxel),
Campthotheca acuminatgcamptothecin, topotecan and irinotecan), and,nca
rosea(vinblastine and vincristine which were first Fapproved phytochemicals as
chemotherapeutic agents in the USA in the early sixties of the last centGragg

and Pezzuto, 2016)

Anticancer drugs of natural origins have many mechanisms of action. In most cases,
naturally derived anticancer drugs reveal their activity by inhibiting topoisomerases.
These are crucial enzymes for cell division, as they reduce the supercoiling in DNA.
Numerous studies have been considering the blockage of type 1B topoisomerase
(Topl) for chemotherapy research, especially after the observation of this enzyme

being overexpressed in certain tumours. Camptothecins, doxorubicin, etoposide and
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teniposide follow this mechanism. Topoisomerase enzymes might also be targeted by
poisoning its relegation stage with other anticancer drugs. Vinca alkaloids, taxanes,
and epothilonesexert their chemotherapeutic activity by interfering with the
structure of DNA by inhibitingnicrotubule function, which is crucial for appropriate
cell division(KINGHORN et al., 2016)

1.2.2. Cancer chemoprevention

The definition of chemoprevention in principle is the deldigckage or reversal of
the development of carcinogenesis progress, by a prolonged utilising of specific
natural or synthetic bioactive agen{Steward and Brown, 2013; Cragg and Pezzuto,
2016)

Chemoprevention is highly preferable and more cefficient in preventing the
appearance of a tumour. In an ideal world, cancer chemoprevention would work as
well as vaccines for the prevention of human ailme(@sagg and Pezzuto, 2016)
The tumorigenesisprocess takes many years or decades to develop, passing through
multi-progressive phasesnitiation, promotion, and progressiorizrom the initial DNA
damage level to the promotional series of signal transduction, associated hormones,

inflammation, the abstention of apoptosis and the development of metastasis.

The strategy of concentrating primary efforts on the terminal stages of cancer has been
ineffectual because cancer cells would have already spread and are more likely to have
become resistant to conventional therapeutic drugsis understanding directed the
trend of cancer treatment research from chemotherapy to chemoprevention. The latter
targets the initial or promotional stages throughout the carcinogenesis progress, aiming
not only to intervene, interrupt or reverse the @gression but also the resistance of
chemo/radio- therapies in cancer patient€€onsequently chemoprevention strategies

can be applied solely or @ adjuvant for chemotherapfAmin et al., 2009; Ji, Orlikova

and Diederich, 2014; Ritchie and Sarker, 20@hough many chemopreventive agents
might reveal their activity in many mechanisms, they still carcéiegorised into two

groups displayed in (Figure 1.3.):



Blocking agentsThese compounds are the most active when applied in the early stages
of the tumour progression. This means prior or after the exposure to internal or external
carcinogens. They obstruct the initial DNA damage from happening, the further gain of

harmful nmutations and they induce detoxifying and antioxidant mechanisms.

Suppressing agentsfhese chemicals act on tipgomotion or the progression stages,

to inhibit the proliferation of initial mutated cells to tumorous ones. In addition, they
suppress both the spread of cancer to new sites and the harmful signalling pathways.
On the cellular level, both blocking and suppressing agents can follow the four main
strategies of chemoprevention; cell defence mechanisms inducement, inflammation
reduction, apoptosis promotion, and metastasis inhibiti@h, Orlikova and Diederich,

2014; Ritchie and Sarker, 2020)

1.2.2.1. Oxidative stress

Freeradicals are produced as a result of aerobic respiration in the mitochondria, many of
these compounds could be beneficial for certain cellular events in low concentrations. In
normal conditions, natural antioxidant defences that are naturally presenterctil can
neutralize the free radicals and set up the balance in the body. When the biological system
is overwhelmed with chronic and excessive amounts of Reactive Oxygen/Nitrogen Species
(ROS/RNS), the equilibrium between free radicals and antioxidantsation is lost, thus
oxidative stress occurs when the compensation is bral&wsa et al., 2013; Prasad and
Srivastava, 2020)

Oxidative stress is implicated in the development of many chrbamandiseases such
asneurodegenerative disease, inflammatory disease, diabetgsing and cancem.hese

free radicals can induce oxidative damage to genetic materials, lipids and proteins.
Furthermore, hydroxyl ions careadily attack DNA causing mutations and increased

cancer risSosa et al., 2013; Prasad and Srivastava, 2020)
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1.2.2.2.Chemoprevention byNrf2 activation
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overcome celluladamage for the prevention of oxidative stresgediated diseases like

cancer. Cellular ROS levels are tightly controlled and predominantly regulated by the
master regulator molecule of antioxidant gene induction; nuclear erythrorel&ted

factor. (Nrf2) regulates the basal and inducible expression of several genes that contain

Antioxidant Response Elements (ARES, 2013)

Under unstressed conditionNyf2remains in the cytoplasm, inactive and ready to degrade
by forming a homodimer with its repressor protein Kelite ECFassociated protein 1
(KEAP1)(Sosa et al., 2013; Prasad and Srivastava, 2020; Ritchie and Sarker, 2020)



However KEAP1 works as a sensor for oxidative stress. During oxidation, KEAP1 dissociates
from Nrf2. The latter, can then translocate to the cell nucleus and form a heterodimer with

Mef Proteins.

This complex activation results in the induction of the expression of cellular dejenes,
such as glutamateysteine ligase (GCL), hemoxygenaqeiQl1), peroxiredoxin (PRX

and xenobiotic metabolizing enzym@&MEs)and NAD(P)H quinone dehydrogenase 1
(NQO1). This mechanismirf2 activation signalling and the induction of the genes it
regulates) was identified as an important pharmacological target for cancer

chemoprevention researcfNa and Surh, 2008; Prasad and Srivastava, 2020)

1.2.2.3. Natural productas chemopreventive agents

Numerous populatiorbased studies suggested that canaveloping risk might be
50% less for people who eat a minimum of five portions of fruits and vegetables each
day. This is especially applicable to cancers of the digestive and respiratory tracts
(Surh, 2003)

{ dzOK FAYRAYy3Ia KI @S GKSANI AYLI OG 2y RASI
campaign to encourage the consumption of fruits and vegetables in an attempt to
decrease the prevalence and incidence rate of cafGancer, 2003)

Natural products have traditionally been recognised for their ability to reduce
oxidative stress, and quench and deactivate RRSnarkable, examples of household
culinary ingredients contain large amounts of antioxidants, such as spices (cinnamon,
rosemary, turmeric), and common beverages (coffee; chlorogenic acid, wine; resveratrol),

in addition to the diets rich in fibres, vitang and minerals.

Besides their welknown antioxidant activity, avariety of phytochemicals such as
carotenoids, flavonoids, polyphenols, and sterols have a proven ability to prevent
oxidative stressnduced degenerative diseases and represent potential candidates to
activate theNrf2-AREs signalling pathwégyad et al., 2018; Qader et al., 2020)

Many phytochemicals have been investigated for their ability to obstruct ROS by

inducing enzymebased cellular defence mechanisms. hé&mnopreventive



phytochemicals can block or reverse the premalignant stage (initiation and promotion) of
multistep carcinogenesis. They can also halt, or at least, obstruct the development and
progression of precancerous cells into malignant offdse focus of modern research on

these strategies of applying phytochemicals for chemoprevention purposes can
potentially be explained by the challenges of treating the advanced stages of cancer

(Surh, 2003; Ji, Orlikova and Diederich, 2014)

Consequently, phytochemicals can be promising chemopreventive agents. They can
prevent DNA damage and mutations that increase cancer risk. This can be achieved
by suppressing the freeadicals adverse reactions and providing the

chemoprevention antioxidanéffect (Kou et al., 2013)

1.2.3. Nondietary plants

Natural compounds are a proven source of candidates for drug discovery. Their use
is generally advantageous over synthetic molecules due to several features; the
abundant availability of numerous plants and the simplicity of obtaining them.
Moreover, the tiemical processes needed to develop drugs from initial natural
compounds are time and costfficient. These reasons encouraged various researchers

around the world to adopt phytochemical research.

A group of researcheldi, Orlikova and Diederich, 201¥ve assessed 165 review papers
of natural product interest, they reported that 60% of the natural compounds studied were
derived from plants and were obtained from edible plants. The other 40% were gained
from nonedible plant sources. These statistiaveal that most researchers tend to

consider edible plants to be their base for natural compound studies.

In contrast regarding the approved anticancer drugs from plant origin, it was found that
65% of all the approved antiancer drugs from plants are derived from 11 rextible
plants, while 35% of all approved anticancer drugs from plants are from six edible plants.

This suggests that the needible plants might have a higher potentiality to contain

My



effective phytochemicals which can be further developed into anticancer reméddiges

Orlikova and Diederich, 2014)

Most of the research papers on cancer chemoprevention by phytochemicals investigated
compounds derived from dietary plants (curcumin, genistein and resveratrol) rather than
non-edible plants. Consequently, insufficient information is available aboutdietary

plant constituents. Thus, it was concluded that more attention ought to be focused on the
discovery and development of chemopreventive phytochemicals fromethle plants

(Ji, Orlikova and Diederich, 2014)

1.3. Flora of Syria

Syria is a country in the Middle East, demonstrating a significant location boarded by
Turkey in the north, Jordan to the South, Lebanon and the Mediterranean Sea to the
West and Iraq to the East (Figure 1.4). Syria is renowned for its abundant and diverse
flora which is attributed to its remarkable geographi¢daddouh, 2004; Almasri et

al., 2010)

Geographically, the landscape consists of distinct zones; to the west, the coastal zone

that includes a narrow mountain belt along the western side, to the south and east,

almost 185.180 square kilometres of the searmid rangelands form an expansive

platet dz 1 y26y I a al! f . FRAFE AY I NFPOAOZI FyYyR
several rivers crossing the country. The distinctive combination of Badia and sea
enriches the climateelementsin Syria and the array of plant species accordingly

(Jaddouh, 2004; Alachkar et al., 2011; Abarwish and Efferth, 2018)

Syria has always been grouped with Lebanon or Palestine for floristic purposes, due

G2 3IS2ANF LIKAOFE 2N KAAUG2NROIE NBlIazyao ¢K!
tFfSadAyS YR {AYlFIA¢é¢ gl a Llzof AaKSR 6& DS21
FENI &4 wiICERSAGAYLFE YR ab2dzdSttS Cf2NS Rdz
almost simultaneously published (1966) by Michael Zohary and Paul Mouterde,
respectively(Mouterde, 1966; Zohary, 1972A total of 142 families, 955 genera and
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4200 vascular plant species are documented in the Flora of Syria, Palestine and Sinai
(Post and Dimsmore, 1932including 1923 species of plants as listed on the Flora
Syria OnLine website, these include trees, shrubs, wildflowers, and I{¥tbst al.,

2020; Flora Syria On Line, 2024)
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1.3.1. Traditional and herbal medicine in Syria

¢CNI RAGAZ2Y T YSRAOAYS o0¢tauv KIa 0SSy RSTAYSR
and practices based on the theories, beliefs, and experiences indigenous to different
cultures,whether explicable or not, used in the maintenance of health as well as in

0KS LINBS@SyYyiGA2y>S RAIFIIY2aA4ZI AYLNROSYSYyd 2NJ
(WHO, 2013)

WHO in many circumstances has considered the integration of TM into the official
health care systemRecently, the WHO Global Centre for Traditional Medicine was
established in March 2022 and the fiflgtaditional Medicine Global Summit in August 2023
in India(WHO, 2023)



Traditional medicine practice might vary widely from one country to another,
concerning the variations in the culture and accessibility of the medication material.
In the East Mediterranean region, despite the availability of modern therapies, 88%
of the fifteen countries of this region use several types of traditional medicine, which
makes TM one of the primary sources of health cg¥¢HO, 2013) Throughout
ancient times in Syria, as an integral part of Bilad Alsham, the home to many of the
earliest civilizations, humans used various natural materials as sources of medicine

(Jaddouh, 2004; Xu et al., 2020)

The use of Traditional Arabic Medicine (TAM) has been popular among Syrians.
However, it was scarcely studied in Syrian traditional literature. To the best of our
knowledge, only three ethnobotanical studies in the form of surveys were carried out
in Syria(between 2011 and 2021), covering Aleppo governorate in the North, Latakia
and Tartus in the Western coastal region, and Hama and Homs in the central region
of Syria. People with interest and familiarity with medicinal plants were interviewed
to collect the data for these surveys, including traditional healers, local herbalists,
medicinal plant collectors, medicinal plant users, elderly people, and a few local

general physicians.

The crosdinked data refer to that the plants from the Asteraceae family are the most
commonly used by the populationA¢hilleg Matricaria and Artemisia genera),
followed by the RosaceaeRsa damascenaCrataegus azaralys the Lamiaceae
(Origanum syriacumMellissa officinaliy the Apiaceae Ammi genus Coriandrum

sativum) and the Fabacead (igonella foenumgraecum, Cassia angustifplia

The main purpose among the studied plants is for treating gastrointestinal (Gl) tract
and digestive disordersichillea santolind.. was used for the loss of appetite, Gl
inflammation and discomfort, and the bark &unica granatumL. was utilised as
anthelmintic, for diarrhoea, malabsorption syndrome and ulcer, and the flower
decoction or infusion oMatricaria chamomillaL. was used internally for stomach

ache treatment.



Respiratory system disease management including asthma, bronchitis and coughs is
the second main cause of herbal medicine applications. Leaves and flow&ithaéa
officinalisL. andMalva sylvestrisre crushed and used to prepare a decoction or tea
taken internally as expectorant, for cough and respiratory infections. Also, a
decoction ofHedera helix. leaves was used farhooping cough. Similarlyistacia
lentiscusL. andRhus coriariaL. were used internally to treat colds, bronchitis,
allergies ad influenza(Alachkar et al., 2011; Khatib, Nattouf and Agha, 2021b;
Khatib, Nattouf and Agha, 2021a)

More recently, in 2020 Khatilet al conducted another ethnobotanical survey
research on herbal medicine use as adjuvant therapy in the prevention and treatment
of COVIBL9 symptoms in Syria. Traditional healers who are called "Attarin”
confirmed that most of their customers relied on natlireealing, several herbs were
requested by the public, and Lamiaceae was the abundant family among all,
represented by six specie3lfymus syriacuBoiss,Micromeria myrtifoliaBoiss. &
Hohen, Mentha pulegiumL., Origanum syriacuni., Rosmarinus offcinalit., and
Melissa offcinalid..), followed by Apiacead’{mpinella anisuni. andFoeniculum
vulgare Mill.), and Myrtaceae Eucalyptus Globulukabill., Eugenia caryophyllata
Thunb.). The primary forms of preparation were decoction and infuginatib,
Nattouf and Agha, 2021c)

Topical and oral forms of application were employed to handle several skin diseases.
The petals ofRosa damascendderrm. are used to prepare rose water applied
externally for skin care, the element of the Damascus Rose and associated heritage
practices and craftsmanship were inscribed in 2019 on the UNESCO Intangible
Cultural Heritage of HumanittU NESCO, 2019The husk ofTriticum aestivumL.
(common wheat) was applied externally as a compress for skin itchiness. For treating
insect bites the bulb oil oAllium sativumL (garlic) and the leaves &®etroselinum
sativum Hoffm. (parsley) were in use topically. As cutaneous leishmaniasis is still
common in Syria, a decoction ®ittrichia viscosd.. is applied externally; it @lso

useful for burns and wounds.



Moreover, numerous herbs and plants have been popular for diabetes management
(Avena sativd.. and leaves dDlea europaed.), removal of kidney stones and urinary
tract disorders epidium sativumand Prunus aviunlL.), infertility and impotency
(Eruca sativaMill. andJuglans regid..), cardiac disorder£¢ataegus azaroluls. and
Crataegus azarolud.), nervous system disorderdactuca salignalL., Valeriana
officinalisL. andLavandula stoechak.), and in the treatment of several types of
cancer ArummaculatumL, Raphanus raphanistrurh. andColchicum autumnalg).

The surveys revealed that the majority of medicinal plants in Syria were used for more
than one disorder, and many of them are still in U#dachkar et al., 2011; Khatib,
Nattouf and Agha, 2021b; Khatib, Nattouf and Agha, 2021a; Khatib, Nattouf and Agha,
2021c)

Despite the rich flora and accumulative traditional heritage, not many
phytochemicals and bioactivity studies have been conducted on Syrian plants. Many
wild plants from Syria, especially naletary plants, are yet to be evaluated for their

medicinal poteatial (Alachkar et al., 2011; AbDarwish and Efferth, 2018)

1.4. Plants selection and project hypothesis

Three medicinal plants form the Syrian flora, il@aucus carotasp maximus (Desf) Ball.
(Apiaceae)Foeniculum vulgar#ill. (Apiaceae) an@Ruta chalepensis. (Rutaceae) were
selected for this studyThe diversity of phytochemical content and the variety of their
traditional uses, in addition to the intensity of the biological activitiesiade them
potential candidates for chemopreventive investigatibmparticular, these plants tend to
produce high amounts ofphenolic compoundsvhich areimportant antioxidants and

potential candidates t@xhibitthe desiredchemoprevention properties

1.4.1.Daucus carotaubsp.maximus(Desf) Ball.

The Daucusgenus (Carrots) from the Apiaceae family contains about 60 species. These
members are annual or biennial herbs, usually hispid or bristly, with mostly an erect

branched stem. Leaves blades are pinnate umbels are terminal and often showy. They can



be distinguished by sterile central flowerslowers might be hermaphrodite and
staminate. Their petals are mostly unequally radia(ifgst and George, 1932; Mouterde,
1966; Zohary, 1972)

The speciesDaucus carotd.., normally known as carrot, is classified depending on the
intraspecific morphological variations into twelve subspecies, of which only three
represent the cultivated and edible varieties while nine are the wild ty@edary, 1972;

Saad, ESharkawy and Halim, 1995; Ismail et al., 2023)

In scientific literature, whenfaucus carotpis mentioned, this is typically referring to the
cultivated and edible variety known &s carotasubsp sativus(the most documented and
well-known). Although the species and subspecies might have numerous similarities, it is
essentially recommended to ensure the accurate naming of the subspeci2saairota
especially since limited information has been published on the wild carrots and their
subspecieglsmail et al., 2023)Accordingly, it is noteworthy that the plant studied in this

project is the wild carroD. carotasubsp maximugDesf)Ball.

1.4.1.1. Distribution

The plants from the genu3aucuscan tolerate manyarshconditions; low temperature,
salinity, weeds, poor soil, and low plilis assumed that carrots originated in Afghanistan,
also inlran, India, Pakistan and Anatolia. The variant of Purple and yellow carrots spread
to the Mediterranean area and Western Europe in the 11th and 14th centuries. The orange
carrot probably arose in Western and Eastern Europe or the western Mediterranean
region (AFSafadi, 2008; Shakheel et al., 2Q1Fpure 1.5. displays the distribution map of
Daucuscarota ssp maximus according to(The Herbarium Catalogue. Royal Botanic

GardensKew, 2024a)

1.4.1.2. Botanical description

The erect stem of this species can grow up to 2 m tall. The pinnate leaves are alternating,
oblong or ovate in outline, divided into-2 pinnatisect. Umbels have numerous dozen of

rays, up to 20 cm in diameter. Flower petals are radiant and white, ane thiothe sterile



flowers are purple. The flowering season starts from April to August. Fruits are ovoid or

oblong with many prickles.
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1.4.1.3. Traditional use

The taproot seems to be the most commonly eaten part of the ediblecarota this
vegetable root is widely used in many cuisines, especially in salad prepdftss, 2005;
Shakheel et al., 20170 addition to its usage in fooB, carotaroot juice was taken orally

for cancer of the stomach, bowel, and uterus in China, while it was drunk for persistent
coughs in Italy, it was also used as an expectorant in India. The hot water extract of the
dried root is taken orally as a carminativetire US and Peru. The fresh root is applied
externally for dermatitis and burns in Italy. The hot water of the leavds.afarotawas
taken orally for jaundice and stimulation of the uterus during parturitio®akistan and
India. In Tunisia, the dried leaves are applied externally for chilblains. Seedsaybtain

dried form or aqueous extract form were used as an abortifacient, emmenagogue, or to
facilitate childbirth in Europe, Arab countries and the (R8ss, 2005; Shakheel et al.,
2017)



1.4.1.4. Previous phytochemical investigations Df carotassp maximus

The published data oBaucus carotaubsp maximusare generally limitedadditionally,
the available literature predominantly focused on the essential oil composition of this

subspecies.

Terpenoids and phenylpropanoids with variable percentages appear to be the main two
chemical classes ID. carotasubsp maximusessential oil studied in different geographic
areas (Table 1, Figure 1)@ Ly LJ NI A Odzf I NE G KS -pinerfe§l), Y2y 20
i -phellandrene (2), geranyl acetate (3) and ‘-terpinene (4). The
sesquiterpene/oxygenated sesquiterpenemclude carotol (5), i -bisabolene (6),
preisocalamendio7) and shyobunong8) stand out as the most prominent constituents.
For phenylpropanoidsh-asarone(9)Z -asarone(10) and trans-methyl isoeugeno(11)

were the abundant compounds (Figure 1.6, Table 1.1).

However, the compositions of the essential oilDa@fucus carotaubsp maximusvaried
gualitatively and quantitatively, not only due to the geographic origin but also among the
different organs of the same plant (flowers, stem, leaves, ro(@sgad, EEharkawy and
Halim, 1995; Gaglio et al., 2017; Boudjema et al., 2018; Badalamenti et al., 2022; Ismail et
al., 2023)

Table 1.1. The abundant compounds isolated from the essentialDdwdus carotaubsp

maximus
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1.4.1.5. Phytochemicals fror@aucus carotd.. and other subspecies

Several phytochemical analyses and bioactivity investigations were conductedumus

carotal. and its wild and cultivated subspecies.

Ascorbic acid (vitamin C), carotenoifiscaroteneh-carotene, lutein and zeaxanthin),
coumarinsumbelliferon,flavonoids and flavonoids glycosides(qiiercetin,kaempferol,

luteolin), lignans, Phenolic acidehlorogenic acid30), caffeic acid31), ferulic acid32)],

phytoalexins (falcarindiol (33)), in addition to mlyacetylenes(falcarinol (34)) were

reported as phytochemicals isolated frazarota(Sarkar and Phan, 1979:-®&fadi, 2008;

Zaini et al., 2012; Shebaby et al., 2014; Akhtar et al., 204Sh#i, 2017; Igbal et al., 2017;

Il KYFTR SG Ff®X HamdpT ~FTKdeyeBHal., 2022; ksiai Bt aly 2088¢pT | N

KobaekLarsen et al., 2@.
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Figure 1.6. The chemical structure of some of the main compounds isolatedfroarota

subsp.maximus(Desf) Balessential oil

1.4.1.6. Biological investigations @. carotassp maximus
Antibacterial activity

Two previousstudies focused on the essential oils from different plant part®aticus
carota subsp.maximusfrom lItaly, against several bacterial straif@Saglio et al., 2017,
Badalamenti et al., 2022)

The undiluted essential oil of green seeds frBntarota subsp.maximusgrowing wild in

Sicily, Italy showed a large inhibition spectrum against fborhe pathogens, including
Grampositive strains $taphylococcustrains) and also against Gramegative bacteria
(Stenotrophomonas maltophil@E272). The minimum inhibition concentration (MIC) was
intherange of 1.26H ®pn >[ kK Y[ F2NJ (0 K@&aghoztall, 20485y aA i A dS

The antimicrobial activity of the organs Dfcarotasubsp.maximusshowed different
antimicrobial activity. The essential oil of the flower and the stem sholgder activity

than root oil againsthe GramnegativeEscherichia coi | ph @ | 2 SOSNE T2 NJ
positive strainStaphylococcus auredsT CC6538, the activity of the essential oils from

different parts of the plant showed more similar activities at lower concentrations.
Researchers assumed that the activity of stem essentialooild berelated to the high

content of oxygenated monoterpenes and monoterpene hydrocarbons which destroy cell

integrity and inhibit respiration and ion transport proces¢Badalamenti et al., 2022)

H



Antifungal activity

Theessentialoil from aerial parts oPortugueseD. carotassp.maximusshowed a broad

spectrum inhibitory effectagainst many fungal straingligher activity with lower MIC
concentration was recorded againstermatophytes (Trichophyton mentagrophytes
Epidermophytum floccosumand Cryptococcus neoforman#spergillusand Candida

species were also inhibited but with slightly higher Me authors credited the
FYGATFdzyarf LINRPLISNIASAE (2 0K Sindoa(\Ekenteeray,i Sy G &
2015)

Antioxidant activity

The activity of antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPX) polymorphonuclear leukocytes (PMN) cdtisreased
after treatment with essentials oil of roots, stems and flower®afarotasubsp maximus

with flower essential oils causing a greater incre@@adalamenti et al., 2022)

Anti-inflammatory

As an inflammatory indicator, the production oitric oxide (NO) was evaluatedin
macrophages and microglia cells after treatment with several dilutions of the essential oll
from the aerial parts obD. carotassp.maximus At a nontoxic essential oil concentration,

a decrease in NO production by 20.7% and 35.8% was recorded in macrophages and
microglia cells, respectively. The amflammatory properties were partly attributed to

the presence of high levels of gerany$ait I ( S-pitegeRn the essential ofValente et

al., 2015)

1.4.2.Foeniculumvulgare Mill (Fennel)

1.4.2.1. Botanical description

Foeniculum vulgar#lill., commonly known as bitter fennel is a greglaucous branching

perennial herb from the Apiaceae family; it grows up to 2 metres. The stem is erect and



cylindrical, coloured bright green. Leaves grow up t&0@&m., ovateriangular in outline,
pinnatisect, decomposed into capillary strips. Blooming starts from July to November in
large flat terminal umbels, that might have up to 25 unequal rays. Floaversmall, bright

and yellow. Fruits are slightly curved, shofb4nm, brownish or greyish to yellow, with
strongly marked ribs(Mouterde, 1966; Zohary, 1972; Badgujar, Patel and Bandivdekar,
2014)

1.4.2.2. Distribution

Although the fennel plant can tolerate various climates, it grows better in temperate
climates. It can be cultivated in fields and it also grows wild with the potential to invade
crops and become a weeH. vulgareMill. was originally found around the Mediterranean
region, where wild fennel develops densely. It has also been introduced and naturalised
into many areas, like the northern, eastern, and western hemispheres, specifically in Asia,
North America, and Eupe (Figure 1.7Hunault, Desmarest and Du Manoir, 1989;
Badguijar, Patel and Bandivdekar, 2014)
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1.4.2.3. Traditional use

Fennel stems, fruit, leaves and whole plants have been extensively used in traditional

treatments of severaldiseases. It is primarily used for its carminative properties, by

O M



preparing fennel seeds tea. Fennel water is used to correct the flatulence of infants, which
Ad AAYATIFNI G2 GKS dzal3S 2F FyAasS FyR RAff
water' by mixing with syrup and sodium bicarbonake.vulgareaerial parts are widely
employed by breastfeeding mothers as galactagogues to increase the quantity and quality
of milk and improve the milk flow. In many parts of India and Pakistan, roasted,-sugar
coated or uncoated fennel seeds are consumedaasouth freshene to remove any
unpleasant smell from the mouth. In addition, it was well documented in the
ethnobotanical literature offF. vulgarethat the plant's different parts were used for
treating respiratory and gastrointestinal disorders, abdominal pains, antiemetic, aperitif,
constipation, depurative, and diarrhoéBadgujar, Patel and Bandivdekar, 2014; Rather et

al., 2016)

1.4.2.4. Previous phytochemical investigationsefvulgare

Foeniculum vulgar#ill. is weltobserved for its diverse phytochemical constituents and

significant medicinal properties.

Essential oils

The chromatography analysis &f vulgareessential oil showed that the abundant
components have been reported to b&ans-anethole(35), fenchoneg(36), estragole(37)
(methyl chavicol)D-limonene(27) anda-phellandreng38) (Figure 1.8).fe characteristic
odour of F. vulgares attributed to the aroma oéach of these compound$he relative
concentration of these compounds varies considerably depending on the phonological
state and origin of the fennel. Similarly, The contenttrahs-anethole, the main
component of the essential oil, was reported to vary between 81.63 and 87.85% according
to the maturity stage of fruits. Additionally, a comparison study indicated whiat fennel
contained a higher amount of anethole andaver amount of estragole than that of
cultivated fennel.Numerous studies have shown that essential oil and its constituents
exhibit novel pharmacological activiti€®iazMaroto et al., 2006; Telci, Demirtas and

Sahin, 2009; Rather et al., 2012; Abdellaoui e2820; Abd EKareem et al., 2024)
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Figure 1.8. The chemical structure of some of the main compounds isolated from the

essential oils oF. vulgare.

Phenolic compounds

Aqueous extract of fennel fruitzontains rich phenolic content including several
compounds such as@-caffeoylquinic acig39) (chlorogenic acid),-®-caffeoylquinic acid
(40), 5-O-caffeoylquinic acig4l), 1,30O-di-caffeoylquinic aci¢42), 1,40-di-caffeoylquinic
acid(43), 1,50-di-caffeoylquinic aci¢44), rosmarinic aci@45) and hydroxylcinnamic acid
(46) derivatives (Figure 1.9Parejo et al., 2004; Rather et al., 2012)
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Figure 1.9. The chemical structure of some of the phenolic compoisothted fromF.

vulgare.



Flavonoids

Flavonoids phytochemical group of compounds were reported as rich constituents in the
plants of the Apiaceae family. Numerous flavonoids were isolated ffowulgargFigure
1.10), most importantlyeriodictyol ZO-rutinoside (ericitrin) (47), isoquercetin (48),
isorhamnetin 30-glucoside(49), isorhamnetin 30-h -rhamnoside(50), kaempferol3-O-
arabinoside (51), kaempferol 30-rutinoside (52), kaempferol 30-glucoside (53),
kaempferol 30-glucuronide (54), quercetin 3O-arabinoside (55), quercetin 30
galactosidg56), quercetin 30+ -glucosidg(57), quercetin 30-glucuronide(Miquelianin)

(58) and quercetin 30-rutinoside (rutin) (59) (Harborne and Saleh, 1971; Parejo et al.,
2004; He and Huang, 2010; Nassar et al., 2010)
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Figure 1.10. The chemical structure of some of the flavonoids isolatedRramlgare.

Fatty acids

The characteristic and predominant fatty acid of the fruits of fennel is petroselinic acid
(60), the percentage of petroselinic acid could be as high as 70 to 80%, followed by linoleic
acid(61), palmitic acid62) and oleic acid63) (Figure 1.11jCharvet, Comeau and Gaydou,
1991)

HO

Petroselinic acig60) Linoleic acid61)

HO\[W

° Linoleic acid61)

op



HO _
|
Oleic acid63) ©

Figure 1.11 The chemical structure of the main fatty acids isolated Fromlgare

Other phytochemicals

Polyacetylenes were considered chemosystematic marker compounds for the Apiaceae;
falcarindiol(33), falcarinol34) and falcarindiol3-acetate(64) were found in fennel in trace
amounts (Figure 1.1ZRawson et al., 2013Yhe furocoumarins (Figure 1.13) imperatorin
(65), psoralen66), bergapten67), xanthotoxin(68) and isopimpinellir{69) were isolated

from the methylene chloride extract &f. vulgargNassar et al., 2010)
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Figure 1.12 The chemical structure of the major polyacetylenes isolatedAramigare
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Figure 1.13 The chemical structure of some of the furanocoumarins isolated From

vulgare



1.4.2.5. Biological investigations & vulgare Mill.

Anticancer potential

The chloroform fraction of fennel inhibited the growth of MZFells in a timeand
concentrationdependent manner. Morphological changes associated with apoptosis were
observed in the treatment groups (disruption in the mitochondrial membrane, DNA
fragmentation) (Syed et al., 2018)in another study, a combination &. vulgareand
Pelargonium graveolersssentiabils exhibited a synergistic effect against MCgells by
inducing apoptosis and cell cycle arrest. Moreover, the oil mixture did not exert any
significant toxicity on normal human peripheral blood lymphocytesitro (EFGarawani

et al., 2019)

Estrogenic activity

Since the 1930s, substantial effort hlasen dedicated tcstudying the phytoestrogeric

activity of F. vulgare Theessential os of F. vulgarealong withPimpinella anisunfanise)

were used as estrogenic agents. In particular, in terms of increasing milk secretion,
promoting menstruation, alleviating the symptoms of female climacteric, and facilitating

birth. Dianethole and photoanetholconstituens 2 ¥ FSy y St Q&havEBeadnSy G A I f
reportedto exertestrogenicactivity (Albert-Puleo, 1980; He and Huang, 2010)

A recent study has reported thareatment with F. vulgareextracts ha increased
estrogenic levels and the number of ovarian folligle$emale ratsexposed to bisphenol
A. Further, the treatmenincreagdtotal antioxidant capacity and decreasthe NO levels

(Khazaei F, 2023)

A systematic review and mefnalysis conducted in 2021, has scanned randomized
controlled trials(RCTs) that included any type of fennel treatment in the menopausal
stage. Findings from the included studies showed the beneficial effects of fennel in
menopausal symptoms improvement, which was in favour of fennel against placebo with

no serious adverse events reportécee et al., 2021)
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Antibacterial, antifungal andantiviral activities

Several studies have reported several antimicrobial activities of the extracts and essential
oils ofF. vulgare A study by{Naaz et al., 2022¢ported the antibacterial activity of thE.
vulgare essential oils to be higher than the standard commercial ampicillin for fighting
Grampositive bacteria Bacillussubtilis and Staphylococcusureug, while it was less

active against Gramegative Escherichi@oliand Pseudomonaaeruginosa.

Other standard and isolate strains such Asinetobacter baumanni{and an isolate
resistant to cephalosporinBacillus cereus, Bacillus magaterium, Bacillus pumilus, Bacillus
substilis, Eschericha coli, Klebsiella pneumonia, Micrococcus IB&ejdomonas
aeruginosaland an isolate resistant to gentamicifseudomonos pupida, Pseudomonos
syringae, Staphylococcus epidermidis, StreptocqupogenesStreptococcus aureyand

an isolate resistant to methicilinMRSA) Candida albicangnd C. parapsilosisvere
sensitive and shown to be inhibited by the essential oil or organic extradts ailgare

with the essential oil displaying better activity than the extrg@silfraz et al., 2008; Orhan

et al., 2012; Barrahi et al., 2020; Kaveh et al., 2023)

Additionally, in several studies, the overall antibacterial potential seemed to be more
efficient against Grampositive strains, this could be attributed to the lipopolysaccharide

(LPS) coating in Granegative bacterigGulfraz et al., 2008)

The essential oil oFoeniculum vulgaréMill. (collected in fully mature and flowering
periods) exhibited antiviral effects against the DNA vifespes simpletype-1 (HSV1)

and the RNA virus parainfluenza type(P+3), in a study including other 12 12 other
medicinal plants from Turkey and the widely encountered components in essential oils
(Orhan et al., 2012)
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1.4.3.Ruta chalepensit. (Fringed Rue)

1.4.3.1. Botanical description

Ruta chalepensiselongs to the Rutaceae family and it is a shrub with a pungent odour,
height of 50 70 cm. It has a woody stem at the base and grows ascendingly. Leaves are
oblong in outline 1615 cm, and pinnately divided into oblanceolate or obovate leaflets.
Bracts 58 mm, ovatelanceolate. Flowers 0-8.5 cm, pedicellate. Petals count3! about

1 cm, oblong and deeply fringed. Capsuld€7/nmm, acutely lobe{Post and George, 1932,
Zohary, 1972)

1.4.3.2. Distribution

The genuRRutagrows on sandy and calcareous soils. It is native to the countries of the
Mediterranean basin, e.g., Algeria, Italy, Spain, Syria and many others. It was also
introduced in different areas worldwide, like America and South Africa (Figure(lNadar

et al., 2021h)
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1.4.3.3.Traditional use

Some resources indicate that Hippocrates has documented the traditional uBeitaf
species in his treatise collectiswhich were written starting from the 5th century BCE.
Leaves, roots and seedsRtitaspp. were taken internally after being soaked in wine or
combined with honey. The main purpose of that was to manage gynaecological conditions,
it was used as an abortifacient and emmenagogue, besides the treatment of pulmonic

illnesseqPollio et al., 2008; Nahar et al., 2021b)

1.4.3.4. Previous phytochemical investigationsRf chalepensis

Ruta chalepensipossesses several bioactive metabolites which were reported to be found
in the leaves, stems, and roots, such as alkaloids, coumarins, furanocoumarins and

flavonoids(ElizondeLuévano et al., 2023)

Alkaloids

Several phytochemical analysesf R. chalepensis highlighted the presence of
furanoquinoline alkaloids (Figure 1.15) including (arborin(i@®), chaloridone (71),
dictamnine(72), + -fagarine(73), graveoline(74), and graveolinin€75), isokokusaginine
(76) isogravacridonechloring77), kokusagining78), maculosiding(79), pteleine (80),
rutacridone(81), skimmianing82), , o -fydroxygraveolir{83), 6-methoxydictamning84)
and 5-methoxydictamning85), the latter compound85) was isolated from a variety of
the specie, namelR. chalepensisar. latifolia Salisb(Ulubelen et al., 1986; Ulubelen,
DNYSNJ YR /SUAYRIEYS mpyyT | £dzoStSy F-yR ¢SN
Luévano et al., 2023Additionaltwo quinoline alkaloids were isolated from the rootsRf
chalepensigollected in the northern Saudi desert[@-(2Hbenzo[d]1",3"-dioxolen5"-
yl) hexyl}hydroquinolind-one 86) and 2[6'-(2Hbenzo[d]1",3"“dioxolen5"-yl)hexyl}4-
methoxy-quinoline 87) (El Sayed et al., 2000)
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Figure 1.15. The chemical structure of some alkaloids isolated Riothalepensis.

Coumarins

Coumarins which represent a wide structure diversity, are predominantly produced by
plants from the Rutaceae famiBergheul et al., 2019Furanocoumarins constitute a
subclass of coumarins that contain a furan ring fused with a coumarin nucleus at the C6/C7
(linear) or C7/C8 (angular) position of the coumarin core mole@segheul et al., 2019;
Stegelmeier and Davis, 2023)

In a furanocoumarin and coumartargeted chemical characterization of three Rutaceae
speciesfflaplophyllum tuberculatur{Forsk.)R. angustifolid’ers andR. chalepensjgrom
Algeria using UHPH@S, the phytochemical analysis revealed the presence of 27

coumarins and furanocoumarins like bergap(@8), cnidicin (89), imperatorin (65),

nmm



limettin (90), oxypeucedanin(91), umbelliferon (92) and xanthotoxol (93) with R.
chalepensideing the highest producgBergheul et al., 2019)

Additionally, linear furanocoumarins like bergapté®i7), chalepin (previously named
rutacultin) (94), chalepensirf95), isoimperatorin(96), isopimpinellin(69), marmasin97),
psoralen(66), rutalpinin (98), rutamarin(99), umbelliferone(92), and xanthotoxin(68)
were also reported by several research groups (Figure {Bt6pker, Eble and Starkovsky,

1967; Ulubelen et al., 1986; Ulubelen and Terem, 1988; El Sayed et al., 2000)
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Figure 1.16. The chemical structure of some furanocoumarins isolatedRramalepensis.



Essential oils

Ruta chalepensibas an aromatic scent due to the production of essential oils. The
essential oils oR. chalepensisollected from different parts of the world have been
extensively investigate(Nahar et al., 2021bYhe major components of the essential oils
of R. chalepensisvere longchain aliphatic ketones, mainlg-undecanone(100), 2-
decanone(101), 2-dodecanong102), 2-nonanone(103), and octyl acetat€104) (Figure
1.17)(Mejri, Abderrabba and Mejri, 2010; Fakhfakh et al., 20A2) 2undecanong100)

is the most abundant compound in several studies, this suggests & suitable

chemotaxonomic marker for the gen&utalL.(Bennaoum et al., 2017)

Several reports indicated the lack of a significant amount of terpene componeiRs in
chalepensigssential oils. However, some studies addressed mel(t@&), linalool(106),
and limoneng(27) (Bouajaj et al., 2014; Ghazghazi et al., 2015; Ortu et al., 2017)

o) o)
2-Nonanone(103) 2-Decanong101) 2-Undecanong100)
W AN N P
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2-Dodecanong102) Octyl acetatg104)

Figure 1.17. The chemical structure of sornomgchain ketonesisolated from R.

chalepensis.

Phenolic and flavonoids

Phenolic compounds including flavonoidave been found athe main constituents in
several investigations on the phytochemical analysiR.athalepensi@igure 1.18). Two
groups of phenolic acids were isolated from RC; benzoic acids (gallic(1&dy
protocatechuic acig@l08), and syringic acil09)), and hydraycinnamic acids (chlorogenic
acid (30), caffeic acid31), coumaric aciq110), ferulic acid(32), and sinapic acil11)).
Rutin(59) is one of the most common flavonol glycosides that is found remarkably in the

Rutaceae plants. Moreover, the flavonoids hesperidiri2), isorhamnetin (113),

no



isorhamnetin 30-rutinoside (114), kaempferol(115), quercetin(116), rutin 3-methyl

ether (117), vicenin2 (118) and 6-hydroxyrutin 3',7-dimethyl ether(119) were reported

to be isolated from extracts prepared from the aerial parts of RC and were analysed using
HPLC techniques with NMR/MS spectroscopy or internal stand&aem et al., 2015;
Terkmane et al., 2018; Almajmaie et al., 2019; Ali Mohammed Zaki et al., 2023)
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Rutin(59) Hesperidin(112)
Figure 1.18 The chemical structure of sofltaonoidsand phenolic compoundisolated

from R. chalepensis.

1.4.3.5. Biological investigations &tuta chalepensis

The Ruta species have been described as possessing several biological properties,
associated with their bioactive compounds, extracts or essential(Giémbra, Ferreira

and Duarte, 2020)
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In a recent study conducted bfElizondeLuévano et al., 2023w ® OKIl OSHIRF & A &
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0 g@mourOSt ;KXY $AaKSLI G2 0DINOAYRYIFA 0l YR YdzZNR Y S
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The methanolic extracts frofR. chalepensisollected in Tunisia exhibited high anticancer

activity against human bladder carcinoma (RT112), human myelogenous leukaemia (K562)

and human laryngeal carcinoma (Hep?2) cell lifi@difi et al., 2013)

Ethanol extract has also demonstrated strong cytotoxicity agaistulemic cells (CEM,

H9, Jurkat and CENRCs) and B lymphoblast cells (SKW 6.4) without harming normal blood

cells (PBL and PBI(S¢rkmane et al., 2018)
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Three flavonoids isolated froR. chalepensisitin (59), NHzi Angthybefber(117) and &
hydroxyNHz{ A ¥imethgl Etner (119) have shown antimicrobial activity against both
Grampositive(Staphylococcus aureSCTC 1298 Bnd Micrococcus luteuNCTC 7508)
and Gramnegative bacterial straingEscherichiacoli(NCTC 122413andPseudomonas
aeruginosaNCTC 12903) artaphylococcus aureuk addition,Candida albicanfATCC
90028) which is a common fungal pathogg&imajmaie et al., 2019Moreover, these
flavonoid glycosides have also shown antibacterial activity agamsthicillin-
resistantStaphylococcus aure(®RSA) strains, witB-hydroxyNXz{ A -fimethgl Ether
(119 being notably the most activeAlmajmaie et al., 2021)

| Yo Fdzy 3l ¢

Both the essential oil and methanolic extractR®f chalepensikeaves showed significant
fungicidal effects againstvo fungiAspergillus nigerandA. flavus andone yeastCandida
albicans with methanolic extract demonstrated better antimicrobial activity than the

essential oilAouadhi et al., 2013)
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The furocoumarins rutamari(®9) and chalepin94) showed high antiprotozoal activity in
vitro tests following bieguided isolation orentamoeba histolyticirophozoites (family

Endomoebidae) the cause of amoebiasis diséBsealdueRodriguez et al., 2021)

| Yo 2EA R Wi i@

Additionally, ethanol extract prepared froradves oR. chalepensisollected in Italy and
rutin (59) were able to protect erythrocytes from induced oxidative stress in patients with
early colorectal cancer, suggesting that these natural antioxidants might be useful to

prevent carcinogenesis progressiphcquaviva et al., 2011)
Ll yRYDbFYYFG2NE SiSOi

The antiinflammatory properties oRutaessential oils have not been thoroughdyviewed
(Nahar et al., 2021bHowever, a study of RC essential oils in Northern Algeria found that
the essential oil could significantly reduce carrageemaiuced paw oedema in
albinomice like diclofenac (positive control). This activity might be due to inhibition of
inflammation mediators like serotonin, prostaglandin, and histamiBeudjema et al.,

2018)



1.5.Aim

This research project aimed favestigate the chemopreventive potential of selected

non-dietary Syrian wild medicinal plants.

1.5.1.0bjectives

Objective 1 Prepare several extracts for each of the selected plants using a standard

protocol utilizing various solvents ofcreasing polarity.

Objective 2 Carry out cytotoxicity and chemopreventive assays to find out the bioactive

extracts.

Objective 3 Conduct a bioassayuided fractionation of the active extracts, and select

bioactive fractions.

Objective 4 Isolate and characterize the major compounds of the bioactive fractions.

Objective 5 Investigate potential anticancer activity and protective effects of the isolated
compounds on different cancer cell linesvitroand compare cytotoxic selectivity against

cancer cells compared to appropriate noancer cells.



Chapter 2

Materials andMethods
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Procedures/experiments

Samples investigated

Plant material (3 plants)

[ Soxhlet extraction ]

\ 4

[ Crude extracts (n-hexane, DCM & MeOH) ]

Bioactivity investigation

(MTT & Luciferase assays against AREc32 cells)

\4

Extracts of potential chemopreventive activity. ]

Chromatographic fractionation

(Solid Phase Extraction (SPE)

N N -/

A\ 4

[ Fractions with decreasing polarity. J

Bioactivity investigation

(MTT & Luciferase assays against AREc32 cells) J

) ‘

A\ 4

[ Fractions of high chemoprevention activity J

Compounds isolation

(High Performance Liquid Chromatography J

) ‘

[ Isolated compounds ]

Structure elucidation (NMR)

Bioactivity investigation

) v
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l Identified bioactive compounds ]
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2.2.Plant materiab
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2.3. Extraction
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Condenser
Cooling water supply

Extraction chamber

Cellulose thimble

=N—— Round bottom flask

Heating mantel
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2.4. Bvaporation of solvent from the extractand preservation
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2.5. Chromatographic techniques
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2.5.1.SolidPhase Extraction (SPE)
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SPE cartridge

Cartridge packing

Cartridge-flask adaptor

Vacuum conical flask
(fraction collector)
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2.5.2. Thin Layer Chromatography (TLC)
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2.5.3. High-Performance Liquid Chromatography (HPLC)
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2.5.3.1 Analytical highperformance liquid chromatography
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2.5.3.2 Preparative and sempreparative HPLC
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Impure compounds or compound mixtures were purified using another column from

t KSy2YSYSE 0DS YR ¥5 mmx 18.0 rhny gelial Nove5624), column
temperature was kept at 25°C, while the flow rate was set at 2 mL/min. Samples were

prepared in methanol (280 mg/mL). Injection volume varied among samplesS@QLL).
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2.6. Compound Isolation

2. 6. 1. Compounds isolation from. carota
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Three extracts afi-hexane, DCM and MeOH were obtained by extracting the dried powder of

D. carota(DC) aerial parts (850 g) following the extraction protocol using Soxhlet extraction

(section 2.3). Preliminary screening of chemopreventive activity introduced the DCM and

MeOH extracts of DC as potential chemopreventive extracts, whileiexane extact

showed a low level of activity. Moreover, the MeOH fractions 2 and 3 of DC revealed high

chemoprevention potential and were subjected to chromatographicedures to isolate the

main compounds and investigate their chemopreventive potential.

All of the analytical and preparative methods applied to study the extracts and fractiins of

carotaand isolate the main compounds are listed in Table 2.2.
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2.6.2. Compounds isolatiofirom F. vulgare

The dried powder oF. vulgarg(FV)aerial parts (1100 g) was subjected to Soxhlet extraction
following the extraction protocol mentioned earli¢see Section 2.3p-Hexane, DCM and
MeOHextractswere obtained. Preliminary screenimdentified DCM and MeOH extracts

bioactive extractsyhile n-hexane extract revealed a high level of toxicity.

CN} Oo2yaSBPFPERNI OU d6op 3I0 F2ff26Ay3I {t9 LINEP
NBLISaa2y 6SNB NBI|dZANBR (2 LINRPOARS | adzYOAa
Ad2fl o2y LINRPOSRAzZNBaAadP ¢KS (62 FNI D2y & dHlX KK |
G2N] FTAYAYy3 G ®az2ftlsay3ad O2YLRdzyRaA

As theF\\DCM extract revealed high activity, for further phytochemical investigation, an SPE
0 / ncartiidge was used to trap any n@olar compounds which cannot be injected into the

reversedphaseHPLC system. A portion (3 g) was passed through the cartridge by methanol
wash. The obtained DCashed extract was scanned using analytical HPLC. The
corresponding chromatogram showed good separation of peaks and low density of

compound, therefore, no fiiner fractionation was required for this extract.

Table 23 summarizes the final optimised HPLC methods applied to perform phytochemical

analysis and compound isolation and purificatiofofulgare.
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2.6.3. Compounds isolation oR. clalepensis

The dried powder oR. clalepensisaerial parts (400 g) was extracted by Soxhlet apparatus
following the extraction of ten cycles for each of the solvents uskexane, DCM and MeOH

to obtain three extracts of different polarity. Preliminary cytotoxicity and chemoprevention
investigation of the aforementioned extracts revealed that thdiexane extract ofR.
chalepensishad high toxicity against the cells studied and it was excluded from further
phytochemical investigation. The DCM and MeOH extracts showed a potential

chemopreventive actity and a deeper phytochemical investigation offR€was carried out.

The methanol extract of RC (22 g) was subjected to SPE fractionation followexgréotion
protocol mentioned earlie(section 2.2. Fraction 3 recorded the highest activity among the
four fractions of RC, while R@e-Frl, 2, and 4 showed a slightly low potential of
chemopreventiorpotencyof less than Zold in the Luciferase assay. Consequentiallf/ieC

Fr3 was chosen for the compound isolation procedure.

Table 24. liststhe final optimised HPLC methods that were followed to analyse and isolate the

main compounds dR. clalepensis
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2.7. ldentification and characterisation of isolated compounds
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2.7.1.Nuclear magnetic resonance (NMR)
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2.7.1.1.The onedimensional (1D) NMR spectroscopy
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Proton ¢H) NMR spectroscopy
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2.7.1.2.The two-dimensional (2D) NMR spectroscopy
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2.7.2 Mass spectroscopy (MS)
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2.8. Biological activities
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2.8.1. Samples preparation for biological assays
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2.8.2. AREc32 cell line
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2.8.3. Cell Culture
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2.8.3.1. Cells passaging (swolture)
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2.8.4. Cells viability assessment

Ly KA(BKSs (Gaefe@Xi 2 EAOQOAGE | aale o1& LISNF2NYSR
I LILINE LINGR 2 EBSO Y@V DS yza NR &vD Yoy G KD FS NY BB | GH
ME: GEAOAGED

2.8.4.1.The MTT cytotoxicity assay
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2.8.5. Luciferase Reporter Gene Assay
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Luciferase Assay Systems
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3.1. Summary
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3.2. Yield of extraction
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3.3. Preliminary biological activity screening of the crude extracts

3.3.1. Cytotoxicity of crude extracts by the MTT assay
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3.3.3.1. Cytotoxicity oD. carotacrude extracts

9AIKG O2yOSYyiNlosa2yad NIy3aAy3ad FTNRY ndamup G2
50 ORNBYELIDA YHZBEI ySSE 5/a FyYyR aShl 6SNB LINB LI
I LI2Nb2y 2F (GKS SEGNIOG Ay 5a{h (2 I LILNRLI Of
GAGK y2 Y2NB OGKIYy nom: 2F 5a{h Ay Fye& LINBLI
| 26 SOSNE LN NIRY BzoKKESE2HUSA BE G NI OG NI lj dzA NB R
2T M:>: 2F 5a{hd ! OO2NRAy3Ifesr G2 GSKAOES O2
YSRAdzY 6SNBE O2Yy&aARSNBR AYy FRRAsa2Yy (2 GKS H/J

| DSNJ AyOdzolay3d GKS OSffa ¢AGK GKS | F2NBYS
6CAIdINB om0 NBEPDEAROSA2VRQBVINKSES2y29F GKS 5/ 3
nonp Y3IAk Y[ VEKSAEFS ST XONGINE DG 61 & nodonuwp YIKY[ Z

T -S4

4St SOGSR F2NJ GKS OKSY2LINBOSyoa@S | Oa@Alieé Ay



MTT assay dD. carotaextracts
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3.3.1.2. Cytotoxicity of. vulgarecrude extracts
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3.3.1.3. Cytotoxic effect oR. chalepensisrude extracts
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3.3.2. Chemopreventive activity of the crude extracts
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3.4. Yield of fractionation by SPE
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3.5. Bioassayuided compound isolationDaucus carotasubsp.

maximus(Desf.) Ball
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3.5.1. Preliminary analytical HPLC Df carotasubsp.maximus(Desf.) Ball
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3.5.3. Chemopreventive activity dd. carotasubsp.maximusSPE fractions
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3.5.4. Compounds isolation dd. carotasubsp.maximus

C2ff2¢AYy 3 EIKAR SR 211-SAjaK28R2f 238 SYLX 28SR Ay (K.
IAPSy 2y NBO23IyATAy3a (GKS SEGNFX OGa 6KAOK SE
I Qo @rlied {dzoaSljdSyidtes GKS o0A2 Oo FINSEKNIOOI
LINE OSRdzNBEaz Ay Of dzRNF B NINSDBSE NI b |ABSNIFF R BNEVA- o/ G- St
fAljdZAR OKNRYIFG23INILIKE o6l t[/0d ¢KS LINRYIl NB
LINEYAAAYTI OKSY2LINSOSYoa@S LRGSyslf o

lY2y3 (GKS (SaaS$E RBEENIKOES 5/Saa |®apORGE |
AYRdzOe2y0d Ly O2yi(GN}aids GKS 5/a SEGNI OG Iy
AA3AYAUOlI Yyl AYyRdzOsa2y®d® ¢KS adzwaSljdsSyid &aS0Oaz2y
TNR GKS 0A2F Oa @S FTNI Oa2yao



3.5.4.1.D. carotasubsp.maximusmethanol fraction 2
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3.6.Bioassayguided compound isolationFoeniculum vulgaréill .
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3.6.2. Preliminary analytical HPLCefvulgare

¢tKS aShl G&iMIGas BB yR (K SCNINI Do RlyRay TRMT NB Y
6/ MiyNd Oa 2yl a2y 6SNB AONBSYySR 2y FyltealOlt |
gl & LI ASRYE adGFNby3a gAGK aShl omx: Ay gl GS
aShl wmnm: 20SNJon YAydziSazr ¢l aKAy3a LISNA2R 2
0 2MNB GKS StdsSyid OFYS o601 G2 om: aShl Ay ¢
FAYAYy3 G2 SldAtAONIGS GKS O2fdzyy o&6Ffr&Bwmal
YIKYAYS YR (GKS Aya2SOo S @MndzWH ksl a2 F nb RcQiK n
FNF Oa2y o6mMn YIKY[OD ¢KS OKNRBYF(G23aANIYa 2F (K
OLISNF2NYSR 2y 3AtSyd 1t[/70 FyR (KBS 2825EN] O
1 t[ /0 FNB aK2gy AYy CAIdz2NE odwmn o



DAD1 A, Sig=220,4 Ref=off (WAEDWAED FV NEW MEOH 1.D)
Cm S
1]
N
©
]
&
)
L T S L e e T L S B e E e S e L S S e O A R SRS
5 10 15 20 25 30 35 40 45 min|
- 200 L Viasd sandera #15 P 1-20% omgimi 3 UV_VIS VWL 220 500 T Plosd st #15 PP 507 Tomgin TV VIS_T WL 220 nm
mAU ~ mau A
cmSENI| | Cm SC N
500 ’

b

500 a
o W0 30 480 w0 o 50 160 180 20 40 00 %0 <00 450
a0 Wasd sndard #17 Fv-Fro-0% 0mgimi 3 GV ViS_1 w220 rm T " FAT00RT V5 T W20
1 AL =
A Al e Cm SCN
Csm SCN.
300 )ﬂm
I "
1 250 U" e |
5 0]
e
g e
o 1!
] 50
2 a0 R I“ I 100 |‘
1 J L
| e J
200 ,\Ju—’v M- | 50 !
i ’_/._/"NVN oj—J \
4 \
1 =50
min
1 200 250 B0 1
Time [min] 300 430

A

CA3JdzNBE odwmn @ IylfeeOIrafs | St [u/NJ-dﬁﬁNﬂ-m-ﬁedzﬁzmmSaﬁLz
dzaAy3d GKS FylfeaOlft FYRFNR YSGK2R ! o

¢KS g 8BKSBR SEHINI Ol ol & yhtER®DOLYIH01d43RTF2Y f 26
C# 0¢l106fS HPHOP ¢KS ANIRASY(H YSIK2R 2F wmMUE:
O2fdzvy NRaAy3a (G2 wmneE: !/ b Fd YAY onZ FyR O
O2yaARSNBR® ¢KS b2 iKSI8yaS®do2Ji ORG daWSY [k HA
az2fdze2y o6mn YIkY[ 0D ¢KS OKNRYLWE/2a3 NS K NICO(E
O2YyUNXSR (KS 322R &a4SLINlresz2y 2F GKS O2 YL dzy
odmo U0 P

DAD1 A, Sig=220,4 Ref=off (WAED\F,V DCM-ME (10-100 ACN) 30MIN TEST1.D)

250 4

mAU 2
1500
o=
1250 &
1000 “w 2 2 =
5 ) o A
750 ) 52l © Om § R

— T — T T T
5 10 15 20 25 30 35 40 min

C A 3 dzNXBnalgtidavHPIIE chromatogram of washedBM extract, using method F&/.

¢do



3.6.3. Cytotoxicity of. vulgareSPE fractions
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3.6.4. Chemopreventive activity d¥. vulgareSPE fractions
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3.6.5. Compound isolation frork. vulgare
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3.7.Bioassayguided compound isolationRuta chalepensik.
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3.7.1. Preliminary analytical HPLCRf chalepensis
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3.7.2. Cytotoxicity oR. chalepensiSPE fractions
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3.7.3. Chemopreventive activity dR. chalepensiSPE fractions

The chemopreventive potential developing from inducingirétranscription factor was
assessed by the luciferase assay for the-tmtic concentrations of the four methanol

fractions of RC.

Fraction 3 induction activity was significantly high with almosfol8-induction in

comparison to control. While the other fractions 1, 2 and 4 exhibited low activity with less



than 2fold. Accordingly, fraction 3 was chosen @&mcomplish the bi@assayguided
protocol of compound isolation.

The bar chart representing the results of the luciferase assay of the four MeOH fractions
of RC and the positive contrtBHQ in the concentration of 10 uM is displayed in Figure
3.26.
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3.7.4. Compounds isolation d®. chalepensis
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3.7.4.1.R. chalepensimethanol fraction 3
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3.8. Structure elucidation of isolated compounds:
Characterisation and structure elucidation of isolated compounds
from D. carotasubsp.maximus
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3.8.1. Structure elucidation of compound.21) as luteolin
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Hpn FYR ony YYI gKAOK A& GeLA®OAK o BEFS (&ISNILII
FYR ¢K2Y®Pas mMpTno

CAIdzNE odPHy d ¢KS G &LISOG NJ

¢CKS baw O6cnoh5al BEABEINSE odPHpE ¢Fo6fSa& odnd R
NB a 2 y 1a6/83 (1H, d, 8.1) and 7.38 (2H, d, 8.1) which could be assignedt@@H | y R
overlapped Hc Q -/ RZ | NB & LIS Qibysirgk§idted B ring &f a ftavone skeleton.
Additionally, there were signals for twmetaO 2 dzLJ SR | N2 YIt6.20QLHLINR (i 2 v &
1.4) and 6.43 (1H, bs) which could be assigned-8add H6 of the aromatic A ring of

flavone structure (Mabry et al., 1970). Another singlet was observed at 6.54 (1H, s)

attributable to the H3 proton of the luteolin C ring.
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¢ KMSH3C HSQC spectrum confirmed all expected diedefC correlationsL y  MITRCGS
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3.8.2. Structure elucidation of compound.24) as chrysoeriol

| 2 Y LI2 day iaslisolated from D®le-Fr3 as a yellow amorphous powder. The\J¥
aLISOUNHzY 60CAIdzNBE o®oo0
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0 KA &nax©2D8( 252 almg’ R

346 nm, which indicated the presence of a flavone skel@dabry, Markham and Thomas,

1970)
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The'H1*C HMBC spectrum (Figure 3.36) confirmed the position of the methoxy group @ C
I {ic 148.5 through &Jcorrelation from the methoxy signal tec€Q OF NDb 2 3H8C) t t 2
and3Jcorrelations were proved. Collectively, these 1D and 2D NMR data led to the obvious

identification of this compound as luteol8+methyl ether, also known as chrysoerioiv Wi 0
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I 2y aARSNAY3 0KS | F2HRGndE DY@ spectrai(Figur2 F.40{ K S
Table 3.4) led to the unequivocal identification of this flavonoid as apigemind Tthe'H
NMR chemical shifts were identical to the previously published data on api¢ersioz et

al., 2002; Karaoglan et al., 2020)
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Apigenind m Hiaime of the most abundant flavonoids in plants and was addressed in
literature as one of the flavonoids previously isolated frBmcarota(lsmail et al., 2024)
Apigenin has received extensive focus in research due to its low intrinsic toxicity. The
majority of published reviews on apigenin focus on its effects on various cancers, it was
also reported as an effective antiflammatory agent in comparison to othéavonoids
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Table 3.4H NMR (600 MHz) arldC (DEPTQ) NMR data of the flavon¢iddl, 123 and
124)
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3.8.4. Structure elucidation of compound 22) as eugenin
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Ly CKNBIR spectrum (Figure 3.44, Table 3.5) 11 signals were spotted, including a
ketone carbonyl atOl NB 2y mybHidT =2 UGS ljdzr GSNYF NBE OF Nb 2
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Eugenind m nwasvisolated from several plants and two fungal species. According to the

collective literature minreview recently published bfNahar et al., 2024Yhe Apiaceae



family, is the main source of eugerdinm HaRdut was previously reported to be found in
Daucus carotdy (Sarkar and Phan, 1973 owever, no published report mentioned the

isolation of this compound from sufpeciesmaximusin particular.

Eugenind m Hhaslbeen reported in the literature for antimalarial, antimicrobial, antiviral,
and immunosuppressive activitieg@Nahar et al., 2024)However, the most potent
bioactivity studied for this compound m Hwa® the antiplatelet aggregation activity.
Eugenin was reported to have the ability to reduce the platelet aggregation induced by
thrombin, arachidonic acid, collagen, and platedetivating factor to 76.4, 0, 18.2 and
65.4 %, respectivelChen et al., 1996)

Table 3.5H NMR (600 MHz) arldC (DEPTQ) NMR data of #ggenind m ®¥bH 0
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3.8.5. Structure elucidation of compoundl®0) as luteolin 7-O-glucoside
(cynaroside)
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The3C NMR spectrum (Figure 3.49, Table 3.6) displayed 21 carbons signals, including one ketone
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