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Abstract

Quantitative determination of Thymoquinone using HPLC technique and
determination of its anti-cancer activity in human colon cancer cell line from
Nigella sativa L. Seeds of different geographical regions: a chemometrics based
approach

Usman, Abdullahi Garba, Assist. Prof. Dr. Selin ISIK
PhD, Department Analytical Chemistry

...... 02.... (Month), ...2022... (Year), .........95...... (number) pages

Thymoquinone (TQ) is considered to be the main active ingredient of Black cumin. This thesis
involve the quantitative determination of TQ from black cumin of different geographical
regions including; India, Syria, Saudi Arabia, Irag and Turkey. The obtained results showed
that the highest amount of TQ was found in Iraq and Indian samples. Although the amount of
TQ in all samples varied. TQ was detected in all samples; the amount of TQ was 0.031, 0.030,
0.022, 0.005 and 0.001% in the Irag, India, Saudi Arabia, Syria and Turkey samples,
respectively. Different geographical factors such as rainfall, seasonal variations and soil plays
a vital role in the total amount of TQ present in each sample as indicated in the literature.
Subsequently, the anticancer activity on human epithelial colon cell line of TQ from black
cumin of different geographical regions was tested using different cytotoxity analysis. The
amount of TQ affected the cytotoxic potential of the black cumin extract on Caco-2 cells. Indian
black cumin were found to induce highest cytotoxic effect with highest TQ levels. This
preliminary experiment provides evidence that the geographical differences were found to have
an effect on the efficacy of the anticancer potency of black cumin. Finally, the chemometric
applications of both artificial intelligence (Al) based models as well as ensemble machine
learning approaches as one of the recent employed chemometrics methods for modelling
chromatographic behavior of different analytes. The obtained results from indicates the ability
of these models in predicting both the qualitative and quantitative properties of TQ.

Key Words: Anti-cancer activity, HPLC, Black Cumin, Thymoquinone, chemometrics



Ozet

Timokinon (TQ), siyah kimyonun ana etken maddesi olarak kabul edilir. Bu tez, asagidakiler
dahil olmak iizere farkli cografi bolgelerdeki ¢orek otundan TQ'nun nicel olarak belirlenmesini
icermektedir; Hindistan, Suriye, Suudi Arabistan, Irak ve Tiirkiye. Elde edilen sonuglar, en
yliksek TQ miktarmin Irak ve Hindistan orneklerinde bulundugunu gostermistir. Tim
numunelerdeki TQ miktar1 degisse de. Tiim numunelerde TQ tespit edildi; Irak, Hindistan,
Suudi Arabistan, Suriye ve Tiirkiye orneklerinde TQ miktar1 sirasiyla 0,031, 0,030, 0,022,
0,005 ve 0,001 idi. Yagis, mevsimsel degisimler ve toprak gibi farkli cografi faktorler,
literatiirde belirtildigi gibi her numunede bulunan toplam TQ miktarinda hayati bir rol oynar.
Daha sonra, farkli cografi bolgelerdeki ¢corek otundan elde edilen TQ'nun insan epitelyal kolon
hiicre hatt1 izerindeki antikanser aktivitesi, farkli sitotoksite analizi kullanilarak test edildi. TQ
miktari, siyah kimyon ekstraktinin Caco-2 hiicreleri iizerindeki sitotoksik potansiyelini
etkiledi. Hint ¢orek otu en yiiksek TQ seviyeleri ile en yiiksek sitotoksik etkiyi indiikledigi
bulundu. Bu 6n deney, cografi farkliliklarin siyah kimyonun antikanser potansiyelinin etkinligi
tizerinde bir etkiye sahip oldugunun bulunduguna dair kanit saglar. Son olarak, hem yapay zeka
(AI) tabanlt modellerin kemometrik uygulamalar1 hem de farkli analitlerin kromatografik
davranislarin1 modellemek i¢in son zamanlarda kullanilan kemometrik yontemlerden biri
olarak topluluk makine 6grenimi yaklagimlari. Elde edilen sonuglar, bu modellerin TQ'nun
hem nitel hem de nicel 6zelliklerini tahmin etme yetenegini gosterir.

Anahtar Kelimeler: Anti-kanser aktivite, HPLC, Corek Otu, Thymoquinone, kemometri
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CHAPTER |

Introduction

Nigella sativa (Black cumin) is a native plant of found in different part of the world such as
Middle East region, Southwest Asia, North Africa and Southern Europe. Although the amount
of N. sativa seeds varies (Ramadan and Morsel, 2003). Thymoquinone (TQ) (30-48%),
thymohydroquinone, dithymogquinone compounds are the main active ingredients. However,
there are also other analytes like a-hederin and alkaloids present in this plant. Black cumin has
been applied traditionally in treating various diseases such as in liver diseases, asthma,
cardiovascular diseases, skin diseases etc (Kouidhi et al., 2011). However, there are also
various articles in the technical literature on cardioprotective, antimicrobial, antihistaminic,
antidiabetic, antihyperlipidemic, antihypertensive, antidiarrheal, antioxidant and anticancer
effects (Woo, Kumar, Sethi, & Tan, 2012a).

The effect of cancer, which is accepted as an emerging disease recently that causes increasing
mortality all over the world, and equally disrupts human lifestyle and general well-being.
Mostly, anticancer agents are used naturally to support and improve the immune system,
inhibits certain side effects resulted due to the use of chemotherapeutic agents and serve as

auxiliary agents to various medical treatments.

80% of anti-cancer drugs are derived from plants. In addition, 177 cancer drugs used in the
Indian traditional medicine system contain more than 70% derived from natural sources.
Therefore, research of plant extracts as new drug led continues. Many plants, including extracts
from N. sativa and active substances found in the plant, have been investigated as potentials in
cancer therapies (Woo et al., 2012a).

Different researchers have studied the fact that various phytochemicals, which are present in
plants, are responsible in preventing different diseases as well as promoting health status of
human widely in order to establish facts regarding their efficacy as well to know their
mechanism of action (S. H. Lee & Min, 2019). These studies consists of isolation and
identification of these chemical compounds, establishment and elucidation of their
pharmacological potency in both in vivo and in vitro studies. Looking at pharmacological
applications of major active ingredients of N. sativa especially TQ, it is significant to determine

both the quantitative and qualitative properties of TQ using a suitable analytical technique
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(Gheshlaghi, Scharer, Moo-Young, & Douglas, 2008). The High performance liquid
chromatography (HPLC) is one of the useful analytical tools that can be used in the elucidation
of the chemical behaviour of various analytes extracted from different medicinal plants
(Marrero-Ponce, Barigye, Jorge-Rodriguez, & Tran-Thi-Thu, 2018), (Wu et al., 2015). The
chromatographic optimization of different parameters such as the mobile phase composition,
column temperature, column type and flow rate are very important in order to achieve sufficient
chromatographic resolution (Khader et al., 2017).

Based on the large number of factors affecting the analysis of different plants and
phytochemical determination using the chromatographic technique, it is considered to be time
consuming and difficult, especially through the use of the traditional single factor optimization
method, whereby a parameter will be changed within a time while other parameters are kept
constant within that time (Wang et al., 2018). In recent times, the coupling of the experimental
approach and chemometrics-based approach was proposed using universal a optimization
technique. The coupling is done using proper experimental method followed by modelling
using chemometric based models by employing various dependent and independent variables
(Novotna, Havlis, & Havel, 2005). The application of chemometrics has numerous application
in the field of chromatography.

Methanolic extracts obtained from N. sativa seeds obtained from different geographical regions
within the scope of this study were compared in terms of their TQ content and cytotoxic activity
of the extracts in cancer cell line (human epithelial colon cancer cell line (CaCO-2),
mitochondrial (MTT), lysosomal (Neutral Red) and cell membrane permeability (lactate
dehydrogenase) was investigated. In addition, malondialdehyde (MDA) level, which is one of

the oxidative stress parameters, was also studied.

High performance liquid chromatography (HPLC)
High-pressure liquid chromatography (HPLC) or high performance liquid chromatography
(HPLC) is one of the major significant type of liquid chromatography technique, which consists
of a solid and liquid stationary and mobile phase respectively(Ostertag et al., 2020). The major
designed of HPLC technique is based on the idea of providing an effective separation
technique, which can be attained using a well-packed column, hence, aid in substantial analysis
time reduction (Sparkman, 2008). Furthermore, it involves the use of a pump that delivers the

mobile phase (which carries the target compound/analyte) into the stationary phase that can
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only be done using sophisticated technology. Therefore, this lead to the birth of HPLC
instrumentation (Adamson et al., 1999).

Liquid chromatography is divided into 4 different categories; partition chromatography,
adsorption  chromatography, ion-exchange chromatography and  size-exclusion
chromatography (Biswas et al., 2007). Currently, the partition chromatography is the widely
used chromatographic method, which is also further sub-classified into reverse and normal
phase chromatography according to the polarity of their respective mobile phases (Zapata,
Rodriguez and Garrido, 2000).

Figure 1

High-pressure liquid chromatography (HPLC) instrument

HPLC instrumentation

Commonly, the HPLC instrumentation consists of seven main components as demonstrated in
Figure 2, which are; HPLC solvent (eluent), HPLC pump, sample injector(mostly DAD, MS
and Fluorescence), HPLC column, detector, waste or sometimes sample collector and data
processing unit. Moreover, other more extra accessories may be integrated to HPLC instrument
in order to enhance its performance efficiency such as column oven (column thermostatic
jacket), quaternary pump, guard column, degasser, auto sampler and fraction collector (Henri,
2018).
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Figure 2

HPLC instrumentation
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Modes of elution in HPLC
There are two kinds of elution modes that are generally used in HPLC method development,
which are; isocratic and elution gradient systems. Isocratic elution mode consists of delivering
the composition of the mobile phase in a constant manner throughout the analysis. While the
gradient elution system composed of varying the composition of the phase during the analysis.
The commonly used elution mode is the isocratic system as compared with the gradient system
due to the fact that it does not need a quaternary pump (Ehlert, Trojer, Vollmer, Van De Goor,
& Tallarek, 2010). Moreover, the factors that influence the chromatographic applications of
the isocratic system can be understand easily. However, the isocratic system can easily be
affected with the ‘general elution problem’ (which are; poor resolution and longer analysis
time). Therefore, the gradient elution mode can be employed in order to solve these types of
problems with higher resolution by varying the mobile phase composition during the analysis.
Even though, some basic gradient scan can be done if we plan to use the isocratic elution system
in order to replace the gradient elution and this will give some useful information that be

utilized by chromatographers, which can be used in analyzing the peaks by some mathematical
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calculations in order to finalize whether the isocratic can be used as a substitute or not (Nagesh,
Ch, Ch, & Narayana, 2016).

Scope of study
This study focuses on three different approaches including:
1. TQ quantitative determination from Nigella sativa L. using the chromatographic
approach
2. Determination of anti-cancer activity of the bioactive compound
3. Chemometric application of Ensemble machine learning on predicting the bioactive

compound.

Aim and specific objectives
The major aim of this work is the quantitative determination of TQ from Nigella sativa L.
(Black cumin) Seeds of different geographical regions using HPLC method development as
well as the elucidation of its anti-cancer activity in Human Epithelial Colon Cancer Cell Line.
The quantitative determination was equally simplified using recent and emerging

chemometrics based approaches.

Limitations
The major limitations of this research is the use of a single cancer cell line and the
applicatication of classical extraction method.
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CHAPTER II

LITERATURE REVIEW
Phytochemistry

Phytochemistry involve the study of biologically active ingredients that are natural chemical
compounds present in plants. The study of Phytochemistry equally provides health assistance
to human health more than the micro and macronutrients found in plants. The Phytochemistry
equally involves the understanding of the chemical compounds known as Phytochemicals and
their possible applications and uses ranging from the protection they gave plants against
potential damage and disease up to the protection they gave to the environment against some
hazard such as UV exposure. Generally, the major essence of Phytochemistry is the elucidation
of various chemical compounds from plants that can serve as lead in the protection of human

health especially if their dietary intake is significant (Kurmukov, 2013).

Phytochemicals

The word Phytochemical is believed to have been originated from a Greek word namely,
‘phyto’ that literally means plants with active biological, natural chemical compounds that are
found in plants. Generally, the chemicals found in plants that protect the plant cells against
hazards from the environment such as Pathogenic attack, drought, stress, pollution and UV
exposure are also considered as phytochemicals (Wei et al.,, 2019). Almost 4,000
phytochemicals have been reported, characterized, assessed and cataloged, which are then
classified based on different properties such as chemical characteristics, physical
characteristics and by protective functions. Phytochemicals are found in wide-range dietary
products such as herbs, spices, fungi, seeds, nuts, whole grains, legumes, vegetables and fruits.
Legumes, beans, soy foods, raspberries, strawberries, cherries, grapes, tomatoes, whole wheat
bread, garlic, onions, carrots, cabbage and broccoli are also common sources of
phytochemicals. These active ingredients generally accumulate in various parts of the plants
such as seeds, fruits, flowers, leaves, stems and roots. Most of these phytochemicals, most
especially the coloring fragments, are seldom concentrated in distinct botanical tissues' outer
layers. Depending on the processing, type, cooking, and growing conditions, the levels vary
from plant to plant. Supplementary phytochemicals are also available, albeit there is no solid
scientific evidence that they provide the same health advantages as dietary phytochemicals
(Kurmukov, 2013). These chemical combinations are considered as secondary metabolites and

possess wide range of biological activities such as anticancer property, modulation of hormone
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metabolism, decrease of platelet aggregation, stimulation of the immune system, modulation
of detoxification enzymes, antimicrobial effect and antioxidant activity. There are currently
over a thousand known phytochemicals and a large number of unknown phytochemicals. It is
well-known that numerous plants produces these chemical compounds in order to protect
themselves against damages and diseases, but recent studies indicates that various
phytochemicals can equally serves as protecting agents to man against various diseases
(Kurmukov, 2013).

Figure 3
Medicinal plants Phytochemistry

3 |
i
|

Generally, these chemicals are not major nutrients needed by human body to sustain life, but

possess vital role in fighting and preventing some common diseases. Most of these roles
suggest viable benefits by phytochemicals in the treatment and prevention of diseases. Owing
to these properties, various scientists have been reported to reveal different beneficial
pharmacological properties of phytochemicals (Valerio et al., 2010).

The trend in determination of Phytochemicals from medicinal plants
Assessment regarding the previous impact and trend of research in the field of medicinal plants

is significant prior to regarding the current inclinations (Saito, 2013). Subsequently, numerous
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years regarding empirical applications and usage of herbal products, the isolation of active
ingredients of alkaloids such as quinine, strychnine and morphine was first conducted in the
19" century. This subsequently indicated a new era for the application of various medicinal
plants as well the beginning of the modern Phytotherapy (Das, Tiwari, & Shrivastava, 2010).
In the 1945, more emphasis was shifted from medicinal plant based drugs to microbial
fermentations and synthetic pharmaceutical chemistry. Different metabolites from plants were
generally investigated from chemotaxonomic and phytochemical point of view at that period.
Over the course of last decade, there is increase in the production and uses of plant and animal
based drugs. Whereby, the use of medicinal plants has almost doubled in the Western Europe
at that time. Factors such as ecological awareness, various phytopharmaceutical formulations
with high efficacy such as valerian, garlic and ginkgo as well increased in interest of some
major pharmaceutical industries in the use of some medicinal plants as main sources of lead
compounds are the major reasons for this rise in the phytochemicals renewal of interest (Das
etal., 2010). Owing to the development of different fields such as pharmacognosy and chemical
science, physicians starts to extract chemical compounds from different kinds of medicinal
plants. Some kind of the phytochemicals extracted from medicinal plants consists of isolation
of quinine from Cinchona by the French pharmacists, Peletier & Caventou. In the mid-19"
century, a German chemist known as Hoffmann obtained Aspirin from the bark of the willow.
Using the concept of active principles in medicinal plants isolation and identification, plant-
based drugs started to be substituted gradually with pure substances that are easier and have
more power in terms of administering and prescription (J. L. Yang, Wang, & Shi, 2011).
Phytomedicine and Phytotherapy almost went into extinction in the beginning of the 21
century owing to the applications of more potent and powerful synthetic drugs. Nonetheless,
because of the multiple side effects of the synthetic drugs, the utilization and value of the
medicinal plants bounce again and still being rediscovered owing to the fact that some of them
proved to have similar efficacy with the synthetic drugs with no or less side effects (J. L. Yang
et al., 2011). Lastly, it has been shown that though the effects of phytochemicals seems to be
slower, the final results are usually better on the long run more especially on chronic and critical
diseases (Das et al., 2010).
Biological Activities of Phytochemicals
The fact that various bioactive ingredients found in plants are used in curing different diseases

as well as promoting health status of human has been studied widely by different researchers
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in order to establish facts regarding their efficacy as well to know their mechanism of action
(Moghadamtousi, Goh, Chan, Shabab, & Kadir, 2013). These studies consists of isolation and
identification of these chemical compounds, establishment and elucidation of their
pharmacological potency in both in vivo and in vitro studies (Wangchuk et al., 2011). One of
the studies indicated that phytochemicals could minimize coronary heart disease risk through
prevention of LDL level, minimizing the absorption or synthesis of saturated fatty acid,
controlling clotting as well as increasing arterial elasticity. Phytochemicals has the ability of
detoxifying chemical compounds that can lead to cancer (Wangchuk et al., 2011). They equally
have the ability of neutralizing some radical compounds, activate enzymes that detoxify
poisons and inhibit enzymes, which activate toxic chemical compounds. For instance, based
on Table 1, it can be observed that some chemical compounds have the ability of inhibiting the
production cancer cells. The physiological activities of some bioactive ingredients are known
and most of them focused on their potency in treating and preventing heart and cancer diseases
(J. L. Yang et al., 2011). They are equally used in the prevention of high blood pressure,
macular degeneration and diabetes. Even though phytochemicals are classified based on their
functions, one compound may possess numerous pharmacological activity such as antibacterial
and an antioxidant agent for example. Some disease preventing and bioactive phytochemicals
present (Ma, Chen, Chen, Li, & Chen, 2017)in medicinal plants are presented in Table 1.
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Some bioactive Phytochemicals in medicinal plants
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Classification

Main groups of compounds

Biological function

Non-starch polysaccharides
(NSA)

Antifungal and Antibacterial

Antioxidants

Anticancer

Detoxification agents

Others

Lignin, pectins, mucilages, gums,

hemicellulose,cellulose

Phenolics, alkaloids, terpenoids

Ascorbic  acids, tacopherols,

carotenoids, flavonoids,
polyphenolic compounds
Flavonoids, curcumine,

polyphenols, carotenoids

Cyanates, retinoids, carotenoids,

flavones, coumarins, aromatic
isothiocyanates, indoles, phenols,
tocopherols, reductive acids

biogenic amines, volatile flavor
compounds,

Alkaloids,

terpenoids,

Binding bile acids and toxins, delay
in nutrient absorption and water
holding capacity

Minimize the risk of fungal
infection, inhibits micro-organism
Quenching of oxygen free radicals,

lipid peroxidation inhibition

inhibition of
inhibits  the

Tumor inhibition,

metastatic  effect,
development of lung cancer
Inhibits tumourogenesis, inhibits
procarcinogen activation, induces

drug binders of carcinogens

cancer  chemoprevention, anti-
oxidants,  Neuropharmacological
agents

Classification of Phytochemicals

Currently, there is no exact and specific classification for phytochemicals, due to the wide

variety of these chemical compounds (Tierno et al., 2016). However, recently, phytochemicals

are categorized into primary and secondary constituents, which depends on their role in plant

metabolism (Deepak, Rupali and Mahesh, 2016). The primary constituents composed of

pyrimidines of nucleic acids, purines, chlorophyll’s, proteins, amino acids and common sugars.

While the secondary constituents are other chemicals from plants such as glucosides,

flavonoids, phenolics, saponins, curcumines, plant steroids, lignans, flavonoids, terpenes and

alkaloids (Tierno et al., 2016). Based on a survey conducted in the recent published technical
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literature it was found that phenolic compounds are the major widely found phyto-constituents
(see Figure 4).

Figure 4

Mayjor constituents of phytochemicals from medicinal plants

Phenol (C6H50H) is considered as the simplest group of natural chemical compounds in which
(-OH) is bonded directly to the hydrocarbon group (Zou et al., 2019).

The phenolic groups are vast and complex class of chemical compounds present in different
part of various plants. They are generally considered as secondary metabolites of plants that
plays significant roles in protecting the plants. They equally demonstrates significant role to
humans such as anti-oxidant activity, which is vital in giving protection against free radicals-
based diseases (Hoda, Hemaiswarya, & Doble, 2019). More also, Flavonoids are considered as
the largest chemical compound group found in plant that composed of the phenolic group,
which are equally the most studied group. Phenolic acids also constitutes of a diverse groups,
which composed of the widely distributed hydroxycinnamic and hydroxybenzoic acids (Hoda
etal., 2019).

Black cumin (Nigella Sativa L.)

Black cumin (Nigella sativa L.) is considered a holy and revered medicinal seed in the history.

The seeds were best produced in Cairo under suitable in the oases, which will be sprinkled till
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the seedpods are developed (Zou et al., 2019). Even though, the medicinal benefits of this seed
is mentioned by Prophet Muhammad (may peace be upon him) as well as in the Bible, it was
not researched carefully until the last four decades. Since that time, various researchers
conducted numerous studies on it. The seed is considered to be popular owing to the conviction
that the plant has multiple medication for different illnesses. Actually, the seed was considered
to be noble and novel regarding its high biological applications (Mohamed Fawzy Ramadan,
2007). Thus, it is studied extensively particularly to justify its broadly traditional medicinal and
therapeutic application. The main reason can be due to the complex composition of the seed’s
chemical nature. The seed has more than 100 various chemical constituents, which include
numerous fatty acid groups. However, its oil is widely used for medicinal purpose; the seeds
are also used as curries, Mediterranean cheeses and pastries owing to its spicy nature
(Mohamed Fawzy Ramadan, 2007). The seeds have minimum aroma though they are
carminative, which tend to aid in digestion of complex food materials as well get rid of vapors
in the intestines and the stomach. They also help in elimination and peristalsis. The crucial oils
present in black cumin has anti-microbial activity that aid in getting rid of intestinal worms
(Mohamed F. Ramadan & Maérsel, 2002). The black cumin seeds have been widely applied in
promoting health as well as fighting various diseases foe centuries in the Middle East and
Southeast Asia. In the Arab region, it is also known as Haba-Al-Barka or Al-Habat-El-Sauda.
The plant is grown widely in various parts of the world as an annual herb (Shabana, EI-Menyar,
Asim, Al-Azzeh, & Al Thani, 2013). Black cumin has significant focus on research for many
year ago, still possess numerous traditional applications, and hence has been studied
extensively owing to its chemical composition and biological properties (Takruri & Dameh,
1998).
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Figure 5

A black cumin plant and seeds

Local uses of Nigella sativa L. seed

This plant composed of numerous pharmacological and dietary uses. It can equally be an
additive in coffee, tea, breads or casseroles, can be used in canning as well as extracted in
vinegar or wine. The seed could be equally sprinkled on salad or mixed with honey (Srinivasan,
2018). Moreover, many people that seek for black cumin benefits take its oil in capsule form.
Nevertheless, some people make use of the oil for external purpose in beauty and for the
treatment of skin conditions such as eczema and psoriasis (Guler, Dalkili¢, Ertas, & Ciftci,
2006). A mixture of the oil together with beeswax can be used as anti-wrinkle agent, joint pain
reliever, moisturizers, skin infections and skin burns. Traditionally, they are equally used as
diaphoretic, diuretic, liver tonic, digestive and stomachic. The seeds of this plant can be used
as a confection together with other ingredients in the treatment of dyspepsia, sour belching,
breath deodorizer and diarrhea (Elahi et al., 2014). The seed are also taken with buttermilk in
order to treat vomiting, obstinate hiccups, loss of appetite, dropsy and puerperal diseases. The
herb is also considered as an important remedy in digestive and hepatic disorders and also work
as a stimulant in different conditions related to cold humours (Elahi et al., 2014). They have
equally been used extensively in the treatment of chronic migraine and headache. Also used in
leprosy, sores and mercury poisoning. When brayed in water, it can be used in the removal of
swellings from feet and hands. It can also be used in the curing of pimples, freckles, eczema,
alopecia and leukoderma. The black cumin seeds has been used widely as an antibacterial and
anthelmintic agent (Hajhashemi, Ghannadi, & Jafarabadi, 2004).
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Profile of phytochemicals
Considering the wide range of pharmacological applications of black cumin, it undergone
various phytochemical analysis and different chemical compounds have been isolated
(Mashayekhi-Sardoo, Rezaee, & Karimi, 2020). The seed composed of fixed oil (35.6—41.6%),
yellowish volatile oil (0.5-1.6%), proteins (22.7%), reducing sugars, amino acid (such as
tyrosine, tryptophan, threonine, serine, proline, aspartic acid, glutamic acid, cystine,
phenylalanine, alanine, glycine, valine, isoleucine, leucine, and lysine), arabic acid, moisture,
melanthigenin, melanthin resembling helleborin, glycosidal saponins, bitter principles,
metarbin, toxic glucoside, resins, tannins, organic acids, alkaloids and mucilage (Tradit, Altern,
Kurt, Dede, & Ragbetli, 2015). The seed equally contains crude fibre, minerals (such as Ca, P,
Zn, Na, and Fe) as well as vitamins such as folic acid, pyridoxine, niacin, thiamine and ascorbic
acid. It equally composed of fatty acids (such as palmitic acid, linoleic acid, and oleic acid),
unsaturated hydroxy ketones, aliphatic alcohols and terpenoids. The seed oil also contains
acylated steryl glucosides, steryl glucosides, steryl esters and free sterols. A novel nigellicine
(alkaloid), nigellimine (isoquinoline alkaloid) and nigellidine (indazole alkaloid) were
extracted from the seed of the plant. The active ingredients of the seeds composed of volatile
oil containing carvone, p-cymene, a-pinene, d-limonene and an unsaturated ketone. The
crystalline active principle known as nigellone, is regarded as the only carbonyl oil’s fraction
¢ (Lutterodt et al., 2010). The bioactive ingredients of the volatile oil are thymoquinone,

thymol, thymohydroquinone and dithymoquinone (see Figure 6).
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Figure 6

The major active ingredients presents in volatile oil of black cumin
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Thymoquinone

Thymoquinone (TQ) is the major bioactive ingredient present in black cumin (Nigella sativa
L.). It is considered as an ingredient that is cultivated in the Mediterranean are as well as in
Western part of Asian countries such as Afghanistan, Pakistan and India (Darakhshan et al.,
2015).

The seed is reported in folklore medicine to have possess diverse pharmacological effects to
obesity, hypertension, eczema, gastrointestinal problems, headache, dysentery and bronchial
asthma (Woo et al., 2012b). Recently, various therapeutic applications of TQ is reported in the
recent technical literature such as its chemo-preventive potential and chemo-sensitizing TQ to
gemcitabine and oxaliplatin in pancreatic cancer (PC) (Darakhshan et al., 2015). The clinical
efficacy TQ to gemcitabine and oxaliplatin in cancer of the prostate gland was equally reported
to show antiproliferative activity on cells derived from osteosarcoma, breast, myeloblastic
leukemia, lung, larynx, ovary and colon as well as has the ability of inhibiting the hormone
refractory prostate cancer through targeting transcription factor E2F and androgen receptor
(Badary et al., 2003).
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Figure 7
Thymoquinone colour and texture

As proposed by various researchers TQ is reported to have induced apoptosis in tumor cells
via downregulating NF-xB, Akt activation as well the signaling pathway of the extracellular
signal-regulated kinase and tumor angiogenesis inhibition (2,10-12) (Badary et al., 2003).

Figure 8

Major properties of Thymoquinone
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Biological properties of black cumin seed

Antioxidant action of volatile oil
Thymoquinone as well as other volatile component of black cumin are said to show
peroxidation in the phospholipid liposomes of the ox brain. More also, TQ showed protective

properties on the hepatotoxicity induced by ter-butyl-hydro-peroxide as well as
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hepatoprotective properties on the toxicity induced by carbon tetrachloride in rats and mice
(Mansour et al., 2001). Moreover, TQ equally exhibits renal protective activity in rats via its
antioxidant property. scavenging of free radical activity of dithymoquinone, TQ and thymol
were studied based on reaction leadin to formation of reactive oxygen species like hydroxyl 2-
radical, singlet oxygen and superoxide anion radical with the help of spectrophotometric and
chemiluminescence method (Jang, Piao, Kim, Kwon, & Park, 2008). The hepatoprotective
activities provide protection against doxorubicin-induced nephropathy were found through the
antioxidant mechanism. In contrast, the effect of TQ on benzopyrene induced on forestomach
tumors in rats, whereby its anti-tumor effect on the fibrosarcoma tumorigenesis induced by 20-
methylcholanthrene was demonstrated to be partially via its anti-oxidant property. The
potential mechanism of the protective activity of TQ on colitis mice induced by acetic acid was
equally partly due to its antioxidant activity (Grosso et al., 2009).
Hypoglycemic effects

Based on the folk medicine application for the treatment of diabetes using different plant
extract in middle East, in 1987 various researchers conducted a research using different plant
extracts mixture containing of; Gum asafetida, Gum olybanum, Myrrh and black cumin in order
to check for anti-diabetic effects on rat, which was found to be effective. Another independent
research indicated that the blood sugar lowering ability by inhibiting the ability of the hepatic
gluconeogenesis of the plant mixtures, which showed that the mixture can be used in the curing
of type 11 diabetes mellitus( non-insulin dependent) (Al-Ali et al., 2008). A black cumin extract
mixture was shown to have significantly minimize the blood sugar upon oral administration.
Administration of the volatile oil in an intraperitoneal way also formed a hypoglycemic
property in alloxan-induced diabetic and normal rabbits. A recent work showed that the seed
extract upon oral administration reduced the high glucose level in alloxan-induced diabetic
rabbits after 2 months of treatment (Abdelmeguid et al.,2010). An additional research was also
designed so as to elucidate the potential insulinotropic effects of the plant seed oil in
Streptozotocin plus Nicotinamideinduced diabetes mellitus in hamsters. In the 4™ week of the
treatment, there is a reduction in the blood sugar level as well as increase in the serum albumin
level observed. The result indicated that the hypoglycemic activity of the oil was partly, owing
to the stimulatory activity on the beta cell function which later increase the serum insulin level
and hence the type Il-like model contain an insulinotropic properties. The hypoglycemic

activity of black cumin was equally needed to be mediated through extra pancreatic activity
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rather than through the release of the stimulated insulin. More also, the influence of the seed
oil on blood sugar concentration was equally investigated in Streptozotocininduced diabetic
rats. Recently, a clinical based research was conducted on human volunteers indicated that
black seeds taken daily at 1g lead to reduction of blood sugar level after 14 days (Tavakkoli et
al., 2017).
Anti-cancer activity

Black cumin oil and seed are used traditionally as tonic for promoting health as well as in
disease prevention. They are also reported to shown immunomodulating, immunopotentiating
and interferon-like properties (Majdalawieh, Fayyad, & Nasrallah, 2017). The ethanol extract
of the seeds were shown to inhibit endothelial cells and limits the progression of cancer cells
in vitro. The nutraceutical activity of black cumin was also investigated on the carcinogenesis
and ability to induce oxidative stress via methylnitosourea in aprague Dawley rats, which was
found to form about 80% protection on methylnitrosourea-induced oxidative stress,
carcinogenesis and inflammatory response (Edris, 2009). The alcohol extracts were found to
exhibit cytotoxic effect and was showed to have the ability of curing oral cancers. A mixture
containing of crude gum, two black cumin seed’s component, a fixed oil, dithymoquinone and
TQ were assayed in an in vitro study to check for their cytotoxic property for various multi-
drug and parental resistant human tumor cell lines. Even though about 1% wi/v of the oil or
gum do not possess cytotoxic effect, both dithymoquinone and Thymoquinone were shown to
have cytotoxic effect for different kinds of tumor cells. The protein present in black cumin
extract, which are fractioned through ion exchange chromatography were equally found to have
immunomodulatory activity (Bashmail et al., 2018). The activity of these protein extracts on
the cytokine synthesis was evaluated further with specific enzyme-linked immunosorbent
assay. The findings showed that the protein fraction was considered less effective as compared
to the whole protein. The topical administration of the seed lipid extracts inhibits the skin
carcinogenesis in mice as well as causes delay in the onset of 1 papilloma formation upon
intraperitoneal application (100 mg kg) 1 body weight) (Bashmail et al., 2018). A study
conducted usingthe model of murine cytomegalovirus, upon intraperitoneal application of oil
reduced the viral load in spleen and liver substantially. Whereby, there in increase in CD4+ T
cells, macrophages and interferon and reduction in both function and number of NK cells. In
which on the 10™ day, the virus titre was subsequently undetectable in the liver and spleen of

the infected mice, while still in the positive controls. The ethanolic extract fraction of the black
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seed was examined in mice against intraperitoneal implantation of murine P388 leukaemia
(Woo et al., 2012b).

Although the lewis cells of the lung carcinoma cimplanted subcutaneously. The life time of the
mice treated was raised by 153% as compared with the control mice treated with dimethyl
sulphoxide. Hederin, which is a kind of triterpene saponin that is isolated from the fraction
gives a vital tumor inhibition rates; in which its anti-tumor is yet to be fully understood.
Another study indicated that, the stimulating activity of hederin upon release of nitric oxide as
well as upregulation of gene expression induced by nitric oxide synthase in mouse
macrophages were examined (Paramasivam et al., 2016). Hence, indicated that the mechanism
leading to its biological activity such as anti-tumor activities can be fully understood. Another
independent study equally demonstrates that the inhibition of tumor activity by TQ was
examined both in vitro and in vivo in fibrosarcoma male Swiss albino rats on that was induced
by 20-methylcholanthrene and was found to have anti-tumor activity by inhibiting both tumour
burden and tumor incidence significantly (Paramasivam et al., 2016).

MTT assay: The 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide popularly
known as MTT assay is done based on the idea of converting MTT by living cells into formazan
crystals, and subsequently determine the activity of mitochondria. Since majority of the cell
populations, the overall mitochondrial activity is associated with the number of the viable cells.
Therefore, this assay is categorically used in measuring the cytotoxic activities of drugs and
other agents on primary patient cells and cell lines in vitro. The main reason for conducting
MTT assay is to measure the viable cells using high throughput technique such as the 96-well

plates that do not need the cell counting in an elaborate manner.
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Figure 9

The 96-well plate’s set-up indicating the conversion of the MTT salt into the formazan crystals
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Therefore, it is commonly used in the determination of cytotoxity of various agents at variable
concentrations. Moreover, the mitochondrial activity is shown by converting MTT salt into the
crystals of formazan that can also be solubilized during homogenous measurements (Van
Meerloo, Kaspers, & Cloos, 2011). Hence, any decrease or increase of the number of the viable
cells can be indicated through measuring the concentration of the formazan reflect in optical
density (OD) with the help of a plate reader at 540 and 720nm. Furthermore, regarding dividing
cells, which are mostly cell lines, the reduction in the cell line number indicates inhibition of
the cell growths as well as the drug sensitivity, which is usually shown as the concentration of
the agent needed to achieve 50% inhibition of the cell growth in comparison with the untreated
control growth (50% inhibitory concentration, ICsg). For non-dividing, which are mostly
primary cells, the sensitivity of the drug is measured as the ability of enhancing the cell kill of
the treated cells in comparison to the loss of cells that is frequently seen in untreated cells (50%
lethal concentration, LCso) (Van Meerloo et al., 2011).
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Figure 10

Dose-response curve of cell lines C, D, and E. (C) cell line with drug C with a dose—response
curve from control growth without drugs (set at 100%) to complete cell kill at the highest drug
concentrations, (D) cell line with drug D with a dose—response curve showing no growth
inhibition, (E) cell line with drug E with a dose-response curve showing dose-dependent

modest growth inhibition (1Cso is not reached).
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For other different type of cells like the myeloid leukemia (AML) cell the median survival of
the cell is 100% and is considered as no issues as far as the treated cells are compared with the
controls (Langdon, 2004).

Neutral Red assay: This assay gives a quantitative idea for the determination of the viable
cells number present in a culture (Repetto, del Peso, & Zurita, 2008). It is considered as one
the most applied cytotoxic assays with several different biomedical, phytochemical as well as
environmental uses. Its basic idea is based on the capability of the viable cells to integrate and
bind with the supravital dye neutral red in the lysosomes. Most of the cell lines and primary
cells from different origin can be used successfully. The cells are nurtured in the 96-well tissue
culture plates, which are then treated until the suitable period is reached. The plates are

subsequently incubated for about 2 hours in the neutral red medium (Fotakis & Timbrell, 2006).



35

Figure 11

Cultured cells stained with neutral red. (a) Morphology of different cells stained with neutral
red (1,600), including the RTG-2 salmonid fish cell line derived from the gonad of rainbow
trout Oncorhynchus mykiss, (b) the PLHC-1 cells derived from a hepatocellular carcinoma of
the topminnow Poeciliopsis lucida, (c) the SH-SY5Y human neuroblastoma cell line, and the
same human cells after 24-h exposure to (d) 1, (e) 20 and (f) 50 mg ml 1 zinc chloride
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The cells are then washed, the absorbance will then be determined using a spectrophotometer

using the extracted dye from each well.
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Figure 12
A graph indicating the correlation between the absorbance at 540 nm and the number of cells

after the neutral red assay was conducted
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The technique is more sensitive than other various cytotoxity assays as well as cost-effective
(enzyme leakage, tetrazolium salts, or protein content). Immediately the cells are treated, the
test can then be completed in 3 hours (Fotakis & Timbrell, 2006).

LDH (Lactat Dehydrogenase) assay: One of the commonest method used in the
determination of cytotoxicity depend on the effect of the damaged cells released by cytoplasmic
enzymes. Lactate dehydrogenase (LDH) is considered as a form of stable cytoplasmic enzyme,
which is present in all living cells. The LDH is quickly released to the supernatant of the cell
culture immediately the plasma membrane is destroyed (Han et al., 2011). The activity of LDH
can be quantified easing using NADH produced when lactate is converted to pyruvate in order
to reduce a subsequent compound in a coupled reaction into a product with properties that are
quantitated easily. This procedure measures the reduction a yellow colour terazolium salt, INT
using the NADH to a rae water-soluble formazan dye at an absorbance of 492 nm. Whereby,
the amount of the formazan is directly proportional to the total amount of the LDH utilized in
the culture, which is equally proportional to the total number or damaged or dead cells (Han et
al., 2011).
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Figure 13
Formation of formazan dye by LDH using NADH
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Sample pre-treatment methods

Most of the techniques used for the determination of phytochemicals such as TQ depends on
accurate extraction method and a clean-up of the sample. These preliminary steps are
significant stages for a successful analysis as well as for a good result. However, they are
tedious and time consuming with some expensive steps sometimes. Even though, it’s worth
doing as it affect the final choice regarding the detection technique that can be used during the
analysis (Bermejo-Barrera, Moreda-Pificiro, & Bermejo-Barrera, 2002).

These steps are vital for an efficient protocol, owing to the fact that constitute of almost two-
third of the time used in the overall analysis in a certain study. The type of extraction method
that can be used in the extraction of a certain analyte depends solely on the physical and
chemical properties of the analyte. Mostly, polar and intermediate polarity analytes like TQ
needs polar extractants or solvents such as ethanol, acetonitrile, methanol, water and other
organic solvents . While non-polar analytes are mostly extracted using hydrophobic organic
extractants such as chloroform, N-hexane, petroleum ether and some higher group alcohols
which can be through direct extraction or derivatization using another kind of solvent that can
be used in partial cleaning up of the matrix in order to get rid of the excessive component of

the biological material (Tessini et al., 2010). The sample matrix also plays a key role in
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determining a well suitable extraction solvent. The use of chlorinated extractants for extraction
is currently minimized drastically owing to their hazardous effect to man and the environment.
Sample clean-up and preparation are considered as the ‘bottle neck’ of any study as they easily
influence the purity of the sample materials, which in turns affects the sensitivity, and
selectivity of the analysis (Moreda-Pifieiro & Moreda-Pifieiro, 2015).

Solid phase extraction method (SPE)

Different researchers traced the history regarding the development of solid-phase extraction
(SPE). SPE was long known during the latency period (from biblical times to 1977) though not
used frequently in practiced (Zwir-Ferenc & Biziuk, 2006). The breakthrough in the
technological advancements of sorbents as well as devices accelerates the growth of SPE that
continues to be used currently. The major reported advantage of SPE, which resulted in its
early advancement over LLE are reduction in analysis time, reduced labour and cost (due to
the fact that SPE is quicker and need less or no manipulations), also reduced consumption and
disposal of organic solvents. This in turn leads to reduction in analyst exposure to hazard, which
equally minimized the potentials for emulsion and smog formation (Buszewski & Szultka,
2012). Automation potentials shown by SPE is an indication that showed that it has the ability
of increasing productivity as multiple and simultaneous extraction can be done at the same
time. It leads to higher concentration factor (KD) when compared with LLE, which can also be
used in storing analytes in form of a vehicle in the sorbed state for chemical derivatization. It
equally provides higher selectivity than LLE as it is considered as a multi-staged separation
technique. SPE is equally considered as non-equilibrium that involves the exhaustive removal
of various chemical constituents from a moving liquid sample through retention on a solid
sorbent, which then recover the selected chemical components via elution from the sorbent
(Calderilla, Maya, Leal, & Cerda, 2018).

The commonest sorbents used are mostly polar (normally known as normal-phase SPE) such
as magnesium silicate (MgSiO3 or Florisil), silica (SiO2) x, and alumina (Al203), whereby,
the bonded silica found in the sorbet will interact with most polar functional groups present in
the sample material to produce cyanopropyl [(SiO2)xa(CH2)3CN], aminopropyl
[(Si02)xa(CH2)3NH2]-, and diol [(SiO2)xa(CH2)30CH2CH(OH)CH2(OH)]- modified silica

sorbents as seen in Figure 14.
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Figure 14
Interactions between analytes and polar sorbents through hydrogen bonding or dipolar
attraction.
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The polar sorbent are usually applied in the removal of matric effects from organic extracts

present in animal tissues and plant materials (Faraji, Yamini and Gholami, 2019).
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Figure 15

Demonstration of the unbounded silica material
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Chemometrics is a branch of chemistry that deals with the applications of statistical techniques

Chemometrics

to chemical data analysis. Additionally, it involves borrowing various techniques from the
engineering and mathematical literatures, chemometrics has led to the birth of new innovative
data analytical techniques (Iwaniak et al., 2015).

Recently, statistical approaches were used in various ways to solve many kind of chemical
problems. For instance, experimental design methodologies showed high impact on
understanding as well as improving the industrial chemical procedures. In recent times, the
field of chemometrics has emerged as an area that involves the analysis of observational data
from analytical and organic chemistry, environmental research and food studies. The data is
generally characterized by numerous measured variables on few observations (Frank &
Friedman, 1993). Once the total number of the variables (p) exceeds greatly the observation
count (N). Therefore, there will be a high degree of correlation among the variables, which are
sometimes digitisations of analog signals. Most of the tools used by chemometricians are same
with those used in other areas that led to the production and analysis of observational data,
which are mostly well known by statisticians and mathematicians than any other professionals
(Iwaniak et al., 2015).
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Figure 16

The major scope of chemometrics
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These tools generally composed of data exploration via cluster and principal component
analysis, the recent computer graphics, as well as artificial intelligence (Al). Predictive
modelling as well as simulation (classification and regression) is equally considered as a vital
goal in most of the applications. However, based on this chemometricians have developed their
own methodologies based on intuitive ideas and heuristic reasoning, and there is strong
indications regarding empirical evidences that showed they perform with higher efficiencies in
different situations. One of the common regression technique in chemometrics is the partial
least squares (PLS) and major components regression (PCR) (lwaniak et al., 2015).

Different researchers considers chemometrics as a chemical discipline that involve the use of
mathematics, formal logics and statistics to i) select and/ or design an optimal condition for an
experimental method, (ii) Give the highest relevant chemical information based chemical
analysis of the data (iii) generate chemical knowledge regarding the data system.
Chemometrics as well as other scientists that employed the use of the word ‘metrics’ such as
technometrics, econometrics, sociometrics, psychometrics and biometrics involve the use of
statistical and mathematical procedures for elucidating and solving adequate issues related to
their subject areas (Kumar, 2017).

The spectrum of the chemometrics applications in the contemporary science has a wide range

and involve different issues related to multivariate data analysis. Recently, chemometrics is
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employed in petroleum industries, pharmaceuticals, bioscience and has now become a well-
known and interesting tool for research in metabonomics (Wegner et al., 2012). Chemometrics
is also related with cheminformatics (or sometimes called as chemoinformatics), which is
considered as a discipline that deals with the application of information technology using
computer for solving chemical issues. Cheminformatics emphasizes more on chemical data
collection, analysis, manipulation and storage. The main interest of cheminformatics is
deposited on minute molecules, more especially their properties as well as their chemical

structures (Wegner et al., 2012).

Figure 17

Overview of cheminformatics and chemometrics
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The major fields use in chemometrics involves the analysis of molecules to predict their
biological potency considered their descriptive properties. The activity and properties of
molecules describing them are considered as their endogenous and exogenous variables,
respectively (Prakash & Gareja, 2010). In order to elucidate the biological activity using the
above-stated variables, distinctive mathematical methods inform of models are constructed that
are based on regression analysis (Prakash & Gareja, 2010). The commonest techniques used in
chemometrics in practice for constructing, analysis and identifying models consists of; partial
least squares (PLS) regression, principal component analysis (PCA) and artificial neural

networks (ANNSs) using different data bases and tools such as Mat lab, Python, PubChem,
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ChemSpider and AAindex database. Various applications of Al has been demonstrated by
various chemist recently in different field of chemistry such as chromatographic applications

like HPLC, GC-MS, Spectroscopy and electrochemistry (Hassan, Brown, Varma-O’Brien, &
Rogers, 2006).
Currently, there is quick and rapid progress in the total number of articles published using Al

technique in chromatography with about 32 published articles in the last five years as indicated

in Figure 18.

Figure 18

Total number of articles published using the hyphenation of Al and HPLC technique (Web of

Science, November 2021).
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To have a better understanding of this coupling, Figure 19 demonstrates the main affiliations
that employ the application of Al in HPLC method development using various analytes from
different sample matrices with Near East University emerging as the first then followed by

Islamic Azad University.
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Figure 19
The major affiliations contributing in the hyphenation of Al and HPLC in the last five years
(Web of Science, November 2021).

CHANG GUNG
UNIVERSITY
14% NEAR EAST
UNIVERSITY
36%

CHANG GUNG
MEMORIAL
HOSPITAL

ISLAMIC AZAD
UNIVERSITY
22%

More also, Figure 20 indicates the major contributors of AI-HPLC coupling in the last five
years.

Figure 20
Major authors contributed to artificial intelligence (Al) with HPLC method development
coupling in the last five years (Web of Science, November 2021).
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Step-wise linear regression (SWLR)

Mostly, the linear regression (LR) is among the major chemometric methods using in
simulation of different dependent and independent variables. It is important to understand that
significant inter-relation between multiple and single variables so as to determine the set of
optimal parameters that provide the strongest prediction performance (Abba et al., 2020).
Numerous chemometricians highlights the systematic regression as an advanced form of
selection, which employs the optimal set of the independent variables through adding or
deleting variables by the residual sum of the squares influence (Abba et al., 2020).

The Step-wise linear regression (SWLR) obeys the systematic approach of changing the
variables through their impact checking. Any variable which do not contributes as well as not
satisfies the modelling will be deleted and eliminated step-wise to remove its impact (Lee et
al., 2017).

Principal component regression (PCR)

Principal component analysis ((Solgi, Pourhaghi, Bahmani, & Zarei, 2017)) is one of the oldest
and popular chemometric approach inform of multivariate statistical method, which is used by
in almost all disciplines. In reality, its origin can be traced back to Pearson or even Cauchy
(Solgi et al., 2017). However, its modern application is based on Hostelling formalization, who
equally coined the name principal component. PCA generally analyses a set of data that
represents experimental observations described by different dependent variables, which are
generally inter-correlated (Ringnér, 2008). Its objective is to extract the significant information
from the data set and then express the information as a set of orthogonal variables referred to
as principal components (Celeste et al., 2019). More also, this technique can be based on
regression approach and hence it is called Principal component regression (PCR) (Celeste et
al., 2019).

Least square-support vector machine (LSSVM)
This algorithm consists of an improved standard Support vector machine (SVM) algorithm that
gives computational applications over the latter by reduction of computational burden through
conversion of the problems during the optimization of quadratic into a system of various linear
equations (Zhou, Wang, & Yang, 2017). IN LSSVM technique, a solution is generally obtained
through solving linear equations instead of quadratic programming problems that involves
standard SVM. It can equally be used in solving both regression and classification problems
(Nourani, Elkiran, & Abba, 2018a). A short explanation of the LSSVM is demonstrated below;



46

Considering the output yiand inputs X;. Based on the LSSVM, the non-linear LSSVM functions

can be shown as follows;
f(x)=w'p(x)+b (1
Figure 21

LSSVM model architecture
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Adaptive-neuro fuzzy inference system (ANFIS)

This is a combination of fuzzy inference system and Artificial Neural Network (ANN). Thus,
it couples the learning abilities of ANN as well as handling data uncertainty of fuzzy logic
system (Yaseen, Ghareb, et al., 2018).

Even though various classes of ANFIS were into existence since such as TSumoto, Sugeno and
Mamdani (Sanikhani & Kisi, 2012). The architecture of ANFIS model composed of nodes that
acts as membership functions (MFs). Different kinds of membership functions are available
such as gaussian, sigmoid, triangular and trapezoidal. Mostly, the Gaussian function provides

higher performance based on previous studies.
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Figure 22

Architecture of ANFIS model with two inputs and five layers (Yaseen, Ramal, et al., 2018)
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Least square boost (LSQ-BOOST)
Least square boost is a technique that involves controlled learning, which minimize variance
and prejudices (Freund, Y.; Schapire, R.; Abe, 1999). LSQ-BOOST converts a slow learner to
a solid one. A weaker is partially related with the true classification (Kearns & Valiant, 1994).
The definition of LSQ-BOOST was proposed by Friedman as the one that broadens the
regression through implementing the gradient boosting system (GBM) technique (Yi-ming et
al., 2015). The gradient boosting generally develops an estimating model based on an ensemble
of weak prediction models and in a step-wise manner. This assumption is performed to improve
the functions of the arbitrary losses (Huerta, Leiva, Liu, Rodriguez, & Villegas, 2019).
Simple average ensemble (SAE)

Based on the proposed ensemble technique, the SWLR, PCR, ANFIS and LSQ-BOOST Al-
based models, are first calibrated and tested separately; afterwards, average of the output of the
predicted single models is compared with the experimental values (Abdullahi Garba Usman,
Isik, Abba, & Merigli, 2021). The overall formula for SAE is shown as;

Py = %2?21 pi (t) (2)
Where N is considered as the no. of learners (here N=4) and pi is considered as the output of
the single models (SWLR, PCR, ANFIS and LSQ-BOOST) within a time t.

Weighted average ensemble (WAE)
This kind of ensemble machine learning is mostly determined by assigning different weights

to individual predicted values of the simulated single models based on their individual



48

importance of the predicted values (Selin & Abba, 2020). The weights are allocated to each of
the outputs based on their relative importance. In addition, this is contrary to the case of the
single Al-based models.

The WAE is described as;

Py = Z?’=1 w; p(t) (3)
Where w. is define as the applied weight on the output of the i model, The weight can be

determine according to the model performance as:

W = (4)
| i,il DCi

DCiis the i single model performance efficiency.

Neural network ensemble (NNE)
In this type of technique, non-linear averaging is done by calibrating another new neural
network. The outputs of the previously conducted single (SWLR, PCR, ANFIS and LSQ-
BOOST) models were loaded into the input layer of the neural network, in which everyone will
be assigned to a single neuron in the input layer. In NNE just line traditional ANN, the tangent
sigmoid was employed as the activation function for both the output and hidden layers. The
network training was done with the use of back propagation algorithm. The best architecture

of the network was chosen based on trial and error method (Abba et al., 2021a).

Adaptive-neuro fuzzy inference system ensemble (ANFIS-E)
In general, Adaptive-neuro fuzzy inference system ensemble (ANFIS-E) is conducted by
taking single models average in a non-linear manner. Whereby, new ANFIS model will be
calibrated using the values predicted previously using (SWLR, PCR, ANFIS and LSQ-
BOOST) models as input variables, which will subsequently be modelled to predict new
simulated values. The predicted values will then be compared with the measured values using

various evaluation metrics (U. M. Ghali et al., 2020).
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CHAPTER Il

Methodology
MATERIALS

The chemicals used during this study composed of TQ standard, de-ionized water, Methanol,
isopropanol and ethanol were of HPLC-grade and purchased from Sigma Aldrich.

Instrumentation

The HPLC analysis was done using an (Agilent Technologies 1200 series, USA) instrument,
which composed of an auto sampler, a binary pump, diode array detector (DAD) and a vaccum
degasser. The analyte TQ was determined using an Eclipse XDB-C18 (150 mmx4.6 mm, 5
um) reversed phase column. The mobile phase involve the use of an isocratic elution system
consisting of de-ionized (D.I) water: methanol: 2-propanol (Mp-A: Mp-B: Mp-C). The
optimum flow rate was found to be 0.9 mL min™* with 20 mL as the injection volume. The
analytical wavelength for the determination of TQ was set at 254 nm with 16 min as the analysis
time. The determination of the analyte was done by retention time comparison of the pure

standard with the real samples.

Sample preparation

The black cumin seeds were collected from six different geographical regions; Turkey, India,
Saudi Arabia, Syria, and Iraq as gift from undergraduate students while coming back to school
during winter after the summer holiday. The seeds were further dried, grounded, powdered and
then weighed. The sample was extracted using 100 mL methanol and stirred on a magnetic
stirrer for 2 hours. The extract obtained was evaporated with the aid of a rotary evaporator. The
residue was subsequently dissolved using ethanol and filtered using a solid phase extraction
(SPE) cartridge (C8) before analysis with HPLC instrument.

HPLC Quantification
For the quantitative analysis; TMQ solutions, which have 10 different concentrations between

1 to 1000 ppm, were prepared and area of these concentrations were used for calibration.
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Chemometrics and models conceptualization

In this study, the application of chemometrics is employed in two different scenarios. First,
the chromatographic behaviour of TQ inform of retention time and peak area was simulated
using five different Al-based models; SWLR, PCR, LSSVM, ANFIS and LSQ-Boost using
different independent variables. Second, the application of ensemble machine learning inform
of SAE, WAE, NNE and ANFIS-E to boost the performance activity of the Al-based models.
The chromatographic behaviour of TQ inform of retention time and peak area was modelled
using different concentrations of the standard solution of the analyte, flow rate and mobile
phase consisting of de-ionized (D.I) water: methanol: 2-propanol (Mp-A: Mp-B: Mp-C).
Phase 1: Data acquisition

The complete data set was obtained from our experimental studies, based on calibration of
standard solution of TQ. Furthermore, the data points were divided into 70% for the calibration
stage and 30% for the testing stage. The data was subsequently validated so as to check and
control potential modelling problems such as overfitting and under fitting (Gozen, Nourani,
and Abba, 2019).

Phase 2: Data Normalization, correlation and statistical analysis

Both the input and output variables used in this study were normalized based on equation 12
into a range of 0 to 1. The major advantages of normalization before modelling is to reduce the

data redundancy as well as the minimize large numerical errors.

r= () ®
The correlation and statistical analysis were done using excel 2016 with a confidence limit of
95%.

Phase 3: Simulation using single models

The single Al-based models (PCR, LSSVM, ANFIS and LSQ-Boost) together with the
traditional linear regression SWLR were all conducted on MATLAB 9.3 (R2020a).

Phase 4. Ensemble machine learning techniques

The ensemble machine learning techniques involves the assembling, addition and integration
of both the non-linear and linear models (PCR, LSSVM, ANFIS, LSQ-Boost and SWLR) to
boost the single models performance efficiency.

Phase 5: Performance evaluation metrics
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For any kind of data-driven technique, the performance evaluation metrics is investigated using
various criteria by experimental and simulated values comparison. Both the performance of the
single models as well as the ensemble machine learning techniques developed in this work
were checked in both calibration and verification phases using four different performance

evaluation criteria.

These are as follows; mean square error (MSE), root mean square error (RMSE), correlation

co-efficient (CC) and Nash-Sutcliffe efficiency (NSE) given respectively as Equations 13-16.

1
MSE = N Zﬁil(yobsi - Ycomi)z (6)
Z?Ll(yobsi_ycomi)z
RMSE = - ()
N 5 5
CC _ Zi=1(yobs Yobs) Ycom—Ycom) (8)

\/Z?Ll(yobs_yobs)z Zli\,=1(ycom_ycom)2

Zﬁy=1[(y)obs,j_(y) com.j]2

NSE =1-— —
Z?Ll[(y)obs,j_(y)obs,j]z

©)

Cell Culture Conditions

Human epithelial colon cancer cells (CaCO-2) (ATCC) in 75 cm? flasks (Sarstedt, Niimbrecht,
Germany), 10 mL DMEM containing 10% FBS (Gibco) and antibiotics (penicillin-
streptomycin, Gibco) in a 37°C indicator of carbon dioxide (Dulbecco's Modified Eagle
Medium). One day before the cell viability tests, the cells in the flask were lifted with 1 mL of
Trypsin-EDTA (Gibco) and transferred to 96-well plates. The cells transferred to the plates
were grown in a 37°C carbon dioxide incubator for 48, 72, 96 hours, and Nigella sativa extract

was made ready for application.

Cell Viability Tests

Nigella sativa extracts were applied to cell culture at 12 half dilutions for cell viability assay
analysis. Extracts, 25 uL were applied to the cells in 100 uL. medium and each application was
repeated three times. Cells were incubated for 48 hours (Larrosa, Tomas-Barberan, & Espin,
2006), 72 and 96 hours (ATCC) in a 37°C carbon dioxide incubator after application of the

extracts. Extract concentration ranges to which cells are exposed in cell culture are 3.20-6540
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ug/ml, 3.40-6920 ug/ml, 4.54-9300 pg/ml, 3.83-7860 pug/ml for India, Iraq, Turkey, Syria and

Saudi Arabia, respectively.

MTT Test

After incubation, the medium in the wells was emptied and 15 uL of MTT working solution (5
mg/mL PBS) was added. After two hours of incubation, where the formation of formazan was
observed microscopically, 100 uL of 1% SDS (Sodium Dodecyl Sulphate) was added. Since it
is a light sensitive method, the whole study was carried out in a dark environment. After the
plates were mixed on a horizontal mixer (100 rpm, 20 min), their optical densities were read

on a microplate reader at a wavelength of 540 nm (Mitra et al., 2016).

LDH (Lactate Dehydrogenase) Test

The test was performed using the ChronoLab Quantitative Detection of Lactate Dehydrogenase
kit (Barcelona, Spain). Accordingly, following the incubation of the drug-administered cells,
the cell media were separated; cell fraction was used for MTT analysis and media for LDH
analysis. As stated in the kit, 50 uL of separated cell medium was added to 1.5 mL of fresh
working solution (Buffer- Imidazole and pyruvate, Substrate- NADH; 4:1, v:v) prepared in the
amount to be used in the research. After vortexing, it was transferred to 96-well plates and read

in a microplate reader at 340 nm.

Neutral Red Experiment

Neutral red assay was conducted according to the method of Repetto et al., (2008). After
incubation, the medium was decanted and the plates were washed with 200 puL of PBS. 100
mL of neutral red reagent was added to the wells (40 pL/ml in DMEM), and they were kept in
the culture medium for 2 hours. After washing with 150 puL of PBS, destain solution (49%
deionized water, 50% ethanol, and 1% glacial acetic acid) was added as a dye and shaken for
10 minutes, and the neutral red test results were determined by reading at 540 nm optical
density.

Cytotoxicity Assessment
Cytotoxicity in the sample treated cells is expressed as percentage and compared to the
positive control group (Maximal Viability, Max V) considered 100% viable and the negative

control group (Minimal Viability, Min V) treated with Triton-X, which is considered 0%
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viable. Calculated using the formula. IC50 evaluation was performed using GraphPad Prism4

and NCSS software according to classical sigmoid-dose modeling.
Cytotoxicity (%) = [1 - (test- MinV) / (MaxV - MinV)] X 100 (10)

Malondialdehyde (MDA) Assay
After performing cytotoxicity tests, MDA level determination from oxidative stress parameters

in the cell line was made using Cayman Chemical TBARS Assay Kit.
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CHAPTER IV

FINDINGS AND DISCUSSION
HPLC Linearity Results

The performance of the chromatographic method was accessed by plotting the aqueous
calibration curve graph, through the preparation of the standard solution of TQ between 0 to
1000 ppm.

Figure 23

The calibration curve of the experiment
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Table 2
Linear equation, LOD, LOQ, R2, and RSD values of TQ calibration

Linear equation LOD LOQ R? RSD

y = 39.656x + 385.8 0.102 0.309 0.9965 1.50




Absorbance

Figure 24

The chromatogram of the standard TQ analyte
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Figure 27
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The chromatogram of the Saudi Arabian sample
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Figure 28

The chromatogram of the Syrian sample
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Figure 29

The chromatogram of the Tiirkey sample
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The amounts of Thymoquinone found in different black cumin seeds of different geographical
regions are calculated using the obtained calibration equation, are summarized in Table 3.

Table 3

Thymoquinone amounts in Nigella sativa seed extracts from different countries

Sample Name Concentration (ppm) % Thymoquinone amount
Iraq 31.26 0.031
India 30.35 0.030
Saudi Arabia 22.15 0.022
Syria 5.47 0.005

Turkey 1.39 0.001




Table 4

Descriptive statistics results of both the independent and dependent variables
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Concentration MP- A MP-B MP-C Flow rate tR PA
Mean 278.34 55.86 25.34 18.79 090 11.68 12274.37
Median 100.00 55.00 25.00 15.00 090 11.84 6055.80
Mode 5.00 60.00 10.00 10.00 090 1152 #N/A
Standard
Deviation 349.38 15.76 13.02 10.58 0.08 0.20 15029.98
Kurtosis -0.27 0.00 -0.72 3.49 -1.52 0.19 0.06
Skewness 1.09 -0.58 0.43 1.65 -0.07  -0.76 1.18
Range 999.00 60.00 40.00 45.00 0.20 0.81 44626.10
Minimum 1.00 20.00 10.00 10.00 0.80 11.12 49.30
Maximum 1000.00 80.00 50.00 55.00 1.00 11.93 44675.40
Figure 30

The correlation analysis performance of the variables
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Performance of the chemometrics based models

Table 5

Performance of the single models (PCR, LSSVM, ANFIS, LSQ-Boost and SWLR)
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Training Testing

NSE CC RMSE MSE NSE CC RMSE MSE
SWLR-tR 0.362 0.601 0.192 0.037 0.220 0.469  0.004  0.000
PCR-tR 0.701 0.837 0.131 0.017 0.586 0.766  0.003 0.000
LSSVM-tR 0.173 0.416 0.218 0.048 0.016 0.128  0.005  0.000
ANFIS-tR 0.999 1.000 0.001 0.000 0.999 1.000 0.000  0.000
LSQ-Boost-tR  0.613 0.783 0.149 0.022 0.651 0.807  0.003 0.000
SWLR-PA 0.999 1.000 0.005 0.000 0.987 0.994  0.009 0.000
PCR-PA 0.674 0.821 0.126 0.016 0.234 0.483 0.070  0.005
LSSVM-PA 0.923 0961 0.022 0.000 0.983 0.991  0.029 0.001
ANFIS-PA 0.999 1.000 0.000 0.000 0.999 1.000 0.005  0.000
LSQ-Boost-PA  0.765 0.875 0.039 0.002 0.567 0.753  0.146 0.021

The comparative performance of the models can be shown graphically using scatter plot as

shown in Figure 31 and 32.

Performance of the single models (PCR, LSSVM, ANFIS, LSQ-Boost and SWLR)

Figure 31

Scatter plots of the single models for their respective retention time (tR)
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Figure 32

61

Scatter plots of the single models for their respective Peak area (PA)
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The performance of these plots is in line with the results demonstrated in Table 5. Moreover,
the comparative performance efficiency of these models can be demonstrated based on their
respective error-values. The lower the MSE and RMSE-values the higher the performance of
the models and the higher the MSE and RMSE-value the lower the performance of the models
and vice-versa. Figure 33 indicates that ANFIS outperformed all the other single models based

on their RMSE-vales in modelling tR and MSE-values for modelling PA respectively.
Figure 33

Error performance of the single models in terms of RMSE for retention time (tR) modelling

and MSE for peak area (PA) modelling respectively
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The response surface of the TQ, which composed of tR and PA were further comparatively
shown in Figure 34. Based on the performance inspection, it can be noted that two Al-based
models (PCR and ANFIS) emerged as the reliable and satisfactory models, which is equally in
line with Table 5. The Al-based models predictive performance was equally proved in
numerous technical literature and published articles including (Abdullahi Garba Usman,
Ahmad, Danraka, & Abba, 2021), (Shojaeimehr & Rahimpour, 2018), (J. Yang et al., 2002),
(Nourani, Elkiran, & Abba, 2018b) and (Korany, Mahgoub, Fahmy, & Maher, 2012). In
addition, the correlation co-efficient (R) shown in Table 5 indicates the merit of these two data
driven approaches over the others. Mostly, SWLR and other linear models fails when it comes
to modelling highly complex and non-linear data as it obeys the regression technique and least-
squares method. The radar plot can be used in demonstrating the correlation co-efficient
performance of the models as shown in Figure 34.



Figure 34
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The comparative models performance based on their respective correlation co-efficient in both

the training and testing stages

Training Testing
S\INLR-tr
0,8
LSQ 0'2/ -
Boost-tr /g:z > PCR-tr
0
ANFIS-tL LSSVM-tr

Table 6

LSQ-Boost-
PA

Training CC

Testing CC

SWLR-PA

1
0,8
0,6
0,4
0,2

0

ANFIS-PA

PCR-PA

LSSVM-PA

Performance of the Ensemble machine learning techniques (SAE, WAE, NNE, and ANFIS-E)

Training Testing
NSE CcC RMSE MSE NSE CC RMSE MSE
SAE-tr 0.842 0917 0.087 0.009 0.843 0.918 0.002  0.000
WAE-tr 0.844 0919 0.086 0.009 0.890 0.944 0.002 0.000
NNE-tr 0.989 0995 0.025 0.001 0.986 0.993 0.001 0.000
ANFIS-E-tr  0.999 1.000 0.000 0.000 0.999 0.999 0.000 0.000
SAE-PA 0.998 0.999 0.010 0.000 0.987 0.993 0.025 0.001
WAE-PA 0.999 0.999 0.008 0.000 0.998 0.999 0.009 0.000
NNE-PA 0.999 1.000 0.015 0.000 0.999 1.000 0.005 0.000
ANFIS-E-PA  0.999 1.000 0.001 0.000 0.999 0.999 0.004 0.000

Performance of the Ensemble machine learning techniques

The analysis regarding the exploratory performance of the ensemble machine learning

techniques for the prediction of tR can be pictured better using the scatter plots (Figure 35).
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Scatter plots of the ensemble techniques for tR
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More also, the performance simulation of the PA properties is shown using scatter plot in

Figure 36.
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Figure 36

Scatter plots of the ensemble techniques for PA
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The error performance of the ensemble machine learning techniques is equally shown in Figure
37. Based on Figure 37 it can be noted that all the ensemble techniques depicts strong
performance efficiency in modelling the chromatographic behaviour of TQ.



67

Figure 37

Error performance of the ensemble machine learning techniques inform of PA in both the

training and testing stages
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The performance skills of the ensemble machine learning technique was also shown through
the use of a recent graphical representation called ‘Taylor diagram’. This diagram have been
used in several areas of modelling such as computer science, computer vision and climate
modelling owing to its significance. The diagram is used to depicts the goodness of fit in terms

of CC as shown in this study (see Figure 38).
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Figure 38

Taylor diagram indicating the performance of the Ensemble machine learning techniques for
both the chromatographic behaviour of TQ in terms of PA and tR
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Cytotoxicity results
The MTT assay is an in vitro quantitative colorimetric method applied to measure cellular
metabolic activity as an indicator of cell viability, proliferation, and cytotoxicity (Butler &
Nowak, 2004). Neutral red uptake assay allows measurement of lysosomal activity, quantifies
cell viability; Viable cells can take up neutral red via active transport and take up the dye into
their lysosomes, while non-viable cells cannot take up this chromophore (Governa et al.,
1997).
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Lactate dehydrogenase is a cytoplasmic enzyme found in nearly all cells. Due to damage to
the plasma membrane (including apoptosis, necrosis, or other cellular death pathways), LDH

can rise into the plasma (medium in cell culture).

The images of the plates of the MTT and Neutral Red experiments are given in Figure 40 The

results of the same experiments are given in Table 7.
Table 7

MTT and Neutral Red Uptake Test ICso (=5D) values of black cumin seed extracts

Sample name MTT (ng/L) Neutral red (ug/ml)

India 74.04 +£12.03 172.63 £ 13.26

Syria 159.78 £ 6.93 538.87 £22.36

Iraq 395.21+£ 14.07 148.02 + 6.47

S. Arabia 414.86 £5.27 525.96 + 53.60

Turkey 499.67+ 1.3 121135+ 11.14
Figure 39

ICs0 (£SD) values of percent cytotoxic activity when applied at 1Csg concentrations calculated

according to the MTT test
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Figure 40

Images of the plates of the MTT and Neutral Red experiments
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The findings of the LDH test are given in Table 8.

Table 8

LDH test (£SD) values
Nigella Extracts u/l
India 101.46+0.05
Iraq 96.42+0.05
Turkey 70.29+0.01
Syria 72.99+0.24

S. Arabia 115.04+0.05
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Figure 41

Appearance after 24 hours incubation following administration of Indian sample, positive
(medium treated) and negative control (Triton X treated) at concentrations of 1635 ppm, 12.77

ppm to Caco-2 cells

Hindistan (1635 ppm)
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Figure 42

Syrian sample at concentrations of 7590 ppm, 118.59 ppm to Caco-2 cells; Appearance after
24 hours incubation following administration of 8410 ppm, 131.4 ppm Saudi Arabian sample.

Suriye (7590 pp)

S. Arabistan (8410 ppm)

Figure 43

Iraq sample at concentrations of 1730 ppm, 27.03 ppm; after the application of 7010 ppm,
109.53 ppm Turkey sample, after 24 hours of incubation.
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Malondialdehyde is a compound formed by lipid peroxidation. Lipid peroxidation is a known
mechanism used as a marker of oxidative stress in cells and tissues of both plants and
animals. The experiment was performed using the Cayman Chemical TBARS Assay Kit

commercial kit.

Table 9
Effect of extracts on MDA level
India Iraq Turkey Syria S. Arabia
1Cso 9.27+0.38 9.60+0.12 8.70+0.18 8.04+0.14 8.56+0.13
1Cs0/2 9.08+0.13 7.59+0.12 9.58+0.21 9.29+0.07 8.99+0.77
I1Cso/4 9.53+0.15 9.33+0.14 10.68+1.50 9.73+0.08 9.46+0.28

Figure 44

Effect of extracts on MDA levels
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The Crystal violet viability test is designed to work with adhered cells, while the Crystal violet
stains the protein and DNA of adherent cells. According to the results of the crystal violet
viability test, the % viability values are given in Table 10 and the staining appearances are

given in Figure 45.
Table 10

Crystal violet test percentage vitality values

Nigella Extracts percent vitality

India 114.40+1.59

Iraq 38.45+0.22

Turkey 22.96+3.34

Syria 51.20+0.43

S. Arabia 20.65+1.41
Figure 45

Cell photos of black cumin seed extracts staining with crystal violet
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CHAPTER V

Discussion

Based on Table 2, it can be observed that the calibration curve demonstrates higher linearity

with determination co-efficient value (R?) of 0.9965 (see Figure 23).

The detection limit (LOD) was equally determine using 3S,/m, in which Sy is defined as
standard deviation of the intercept while m is the gradient of the linear equation was found to
be 0.102. Moreover, the limit of quantitation (LOQ) was determined using 10S, /m was found

to be 0.309. The relative standard deviation (RSD) of the experiment was found to be 1.50.

Based on the seeds of black cumin obtained from diverse geographical regions; According to
our research data, the highest amount of TQ was found in Irag and Indian samples. Although
the amount of TQ in all samples varied, TQ was detected in all samples; the amount of TQ was
0.031, 0.030, 0.022, 0.005 and 0.001% in the Iraq, India, Saudi Arabia, Syria and Turkey
samples, respectively. The differences in TQ from black cumin seeds is attributed to the climate
changes in the geographical regions where the seeds are grown, the soil quality, etc. Owing to
differences in factors such as the ones presented in previous study of our team, the amount of
TQ found in Nigella sativa seeds obtained from Ankara was found to be in the range of 0.010-
0.376% (Isik, Kartal, & Erdem, 2017). The TQ content of the seeds of the black cumin plant
cultivated in India and Kuwait was found to be in the range of 1039.85 mg/kg to 2940.43 mg/kg
(Herlina, Aziz, Kurniawati, & Faridah, 2017). Gholamnezhad et al. (2015), in a study
investigating the immunomodulatory and cytotoxic effects of black cumin seeds, found that
the seeds contained 0.06% TQ. Although the amount of TQ in black cumin seeds calculated
within the scope of this study complies with the TQ range determined in the literature, it can
be said that the amount of TQ is in a very wide range. This wide variation for TQ in plants
varies depending on genetic deviations, harvest time/season, and physiological conditions
(Zribi, Omezzine, & Haouala, 2014). Therefore, determining the phytochemical content of the
Nigella sativa plant to be used for medicinal purposes is important in terms of providing a
standard effect and concentration of its major analyte TQ.

As earlier stated in chapter three, this work presented different chemometrics based models
including the single models such as PCR, LSSVM, ANFIS, LSQ-Boost and SWLR as well as
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the ensemble machine learning inform of SAE, WAE, NNE and ANFIS-E for the modelling
of both the qualitative and quantitative properties of TQ. Statistical and correlation analysis
were conducted prior to dwelling into the simulation step in order to know the nature and
properties of the both dependent and independent variables. Table 4 demonstrates the statistical
results of the variables indicating the mean, median, kurtosis and skewness among other

statistical properties of the variables.

Table 5 demonstrates the quantitative performance efficiency of the single models PCR,
LSSVM, ANFIS, LSQ-Boost and SWLR. Based on the comparative performance of these
techniques, it can be seen that ANFIS model outperformed all the other single models PCR,
LSSVM, LSQ-Boost and SWLR in modelling both tR and PA in the training and testing stages
(see Table 4.4). Nourani et al. 2019 reported that the minimum Nash-Sutcliffe efficiency (NSE)
needed for any model to be accepted should be 80% (In another word, the model should have
a minimum of 0.8 R?-value for it to be acceptable) (Nourani et al., 2019). Based on the
performance table only ANFIS was able to simulate tR, which is attributed mainly due to its
complex ability of modeling highly non-linear data, this is in line with (Khalid & Usman,
2021), (Asnake Metekia, Garba Usman, Hatice Ulusoy, Isah Abba, & Chirkena Bali, 2021),
(Abba et al., 2021b), (Umar Muhammad Ghali, Alhosen, et al., 2020), (Umar Muhammad
Ghali, Usman, et al., 2020), (USMAN, ISIK, ABBA, & MERICLI, 2020), (A. G. Usman, Isik,
& Abba, 2021), (Abba, Usman, & ISIK, 2020), (Abba, Pham, et al., 2020), (Ahmad, Usman,
& Abba, 2021), (Abdullahi, Usman, Abba, & Abdullahi, 2020), (Abba et al., 2021a) and
(Alsharksi, Danmaraya, Abdullahi, Ghali, & Usman, 2020) findings. Whereby, regarding the
simulation of PA only SWLR, LSSVM and ANFIS were able to fulfill the minimum 80%
requirement for a model to be accepted. Therefore, this showed a need to use other techniques
such as ensemble machine learning to boost the performance ability of the single models.

Based on the comparative performance of the Ensemble machine learning techniques, it can
be noted that all the four ensemble machine learning techniques are able to simulate the
chromatographic properties of TQ inform of PA and tR with minimum and maximum NSE-
values of 0.842 and 0.999 in the training phase and 0.918 and 0.999 in the testing phase
respectively. The techniques equally showed lower error-values inform of RMSE and MSE as

compared with the single models.
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According to MTT test findings, the highest cytotoxic activity was found in the Indian sample
with 74.04 pg/mL, while the lowest cytotoxic activity was found in the Turkish sample with
499.67. According to the Neutral Red test, the highest cytotoxic activity was found in the Iraq
sample with 148 pg/mL, while the lowest cytotoxic activity was found in the Turkey (1211.35)
sample, similar to the MTT test. The 1Cso values of the Neutral Red test were found to be 2.34
times higher on average than the MTT test in all samples except the Iraq sample. This shows
that plant extracts cause cell death via the mitochondrial pathway instead of the lysosomal
pathway.

The LDH activity of Nigella extracts was found to be between 70.29-115.04. LDH activity
showed a dose-dependent decrease except for the Saudi Arabian sample, but this decrease was
not statistically significant (p>0.05). When applied at 1Cso concentrations calculated according
to the MTT test, the percent cytotoxic activity was found as 55.11, 52.79, 59.45, 59.45 and
47.21 for the samples of India, Irag, Turkey, Syria and Saudi Arabia, respectively. When
applied at the ICso value, values close to 50% cytotoxic activity were also determined in the
LDH test shows that in parallel with the mitochondrial pathway, the extracts also damaged the
cell membrane. Application and control images of the extracts on the Caco-2 cell line are given
in Figure 42 to 44. The crude extract cytotoxicity activity criteria for crude extracts considered
active against cancer cells determined by the US National Cancer Institute (NCI) were
determined as 1Cs0<30 pug/mL (Yurdakok & Baydan, 2013). The ICso values of cytotoxic
activities of methanolic extracts prepared from Nigella sativa seed collected from different
geographical regions within the scope of the thesis were found to be between 47.21-59.45.
Since the results were above 30 pg/ml, it was concluded that they did not have a significant
activity on Caco-2 cells. In addition, Thymoquinone amounts of Nigella sativa seeds collected
from different geographical regions were found to be between 0.001-0.030%. These
differences can be attributed to different climate, soil characteristics and time of collection.
There is no correlation between the amount of Thymoquinone and cytotoxic activity, indicating
that other compounds in the seed are also responsible for the effect. In future studies, it is
planned to investigate their cytotoxic activities by preparing extracts of different polarities, and
to determine the substance(s) responsible for the effect by performing activity-directed
fractionation studies.

Elevated MDA levels was noted in all samples treated with Nigella extract (Table 9), but this

increase was dose-dependent in Turkey, Syria, and S. Arabia, while it was independent of dose
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in samples of India and Iraq. The MDA level was found to be between 8.04 and 9.60 in uM/mL

in the applications performed at ICso dose (Figure 44).

According to the crystal violet vitality test, it was observed that the cells were stained more
intensely at high concentration (ICso) than at low concentration. However, in this technique,
which has the feature of giving false positive results, the viability was 114.40% after the I1Cso
dose application in the Indian sample, while it varied between 20-51% in other applications.
The presence of cytotoxic activity less than the ICso value indicates that the samples may have
been lifted prior to administration. The high value (114.40%) in the Indian sample also
indicates that it may have stained other materials (the plant extract itself) other than living cells.
In the project, the cytotoxic activity of the extracts was tested on the human epithelial colon
cancer cell line (Caco-2), and according to the experiments on Caco-2 cells, changes in cell
morphology, pycnotic nuclei, cell clusters, some cells were found to be lifted and floated at
high concentrations.

It was determined that Nigella sativa seed extract inhibited the MDA-MB-231 human breast
cancer cells proliferation at a dose of 2.5-5 ug/mL. In another study evaluating the effects of
seed extract and seed oil extract on human lung cancer cell line, cell viability was found to be
0.25 by MTT method for seed extract; 0.5; It was found that 75%, 50% and 26% respectively
at 1 mg/mLdoses. Another study showed that black seed oil has potential anti-proliferative and
proapoptotic effects on human lymphocytes cells (Ciesielska-Figlon, Lisowska, Mikosik-
Roczynska, & Witkowski, 2021).

It has been revealed in the literature that black cumin causes cell death in various human cells
such as the lung, liver, colon and cell lines of the breast cancer (Attoub et al., 2013). In a study
examining the in vitro cytotoxic activities of Nigella sativa seeds and the fixed oil obtained in
A549 human lung cancer cell lines; extract and oil have been reported to significantly reduce
the viability of A549 cells (Al-Sheddi et al., 2014). It was determined that the aqueous extract
prepared from the seeds showed significant cytotoxic effect on oral cancer and precancerous

leucoplakia cells in vitro.
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CHAPTER VI

Conclusion and recommendation
Conclusion

The anticancer activity on human colon cell line of TQ from black cumin of different
geographical regions was tested using different cytotoxity analysis was done in this theses.
Prior to that the quantitative determine of each sample was done in order to determine the TQ
content of each black cumin sample taken from different geographical regions. Different
geographical factors such as rainfall, seasonal variations and soil plays a vital role in the total
amount of TQ present in each sample as indicated in the literature. The results obtained implies
that the highest amount of TQ was found in Iraq and Indian samples. Although the amount of
TQ in all samples varied. TQ was detected in all samples; the amount of TQ was 0.031, 0.030,
0.022, 0.005 and 0.001% in the Irag, India, Saudi Arabia, Syria and Turkey samples,

respectively.

The amount of TQ affected the cytotoxic potential of the black cumin extract on Caco-2 cells.
Indian black cumin was found to induce highest cytotoxic effect with highest TQ levels. This
preliminary experiment provides evidence that the geographical differences were found to have

an effect on the efficacy of the anticancer potency of black cumin.

More also, the study equally involved the application of both single models and ensemble
machine learning approaches as one of the recent employed chemometrics methods for
modelling chromatographic behaviour of different analytes. The results obtained from the
chemometrics equally indicates the ability of these models in modelling both the qualitative

and quantitative properties of TQ.

Recommendation

It is recommended that other cancer cell lines such as the breast and brain cancer cell lines
should be used in determining the anticancer activity of TQ from black cumin of different
geographical regions. More also, the microextraction methods such as switchable
hydrophilicity solvents (SHS), dispersive liquid-liquid microextraction (DLLME) and deep
eutectic solvents (DES) can be introduced in the subsequent work to preconcentrate and

increase the sensitivity of the method. Furthermore, other metaheuristic approaches such Harris
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Hawks’ optimization algorithms (HHO) and particle swam optimizations (PSO) can be used in

simulating the chromatographic properties of TQ.
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