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Abstract

The focus of this study was preliminary phytochemical investigation of the methanol extracts of
the root of V. sinaiticum (Scrophulaceae). The plant is traditionally used in Ethiopia for various
medicinal purposes including wound healing anti-microbial activities. The extraction and
characterization of bioactive compounds were conducted using a Cyclohexane: ethyl acetate (2:1)
solvent system. The extracts were then analyzed using various spectroscopic methods such as TLC,
I H-NMR, !} C NMR and DEPT-135, to elucidate the structural characteristics of the isolated
compounds. The isolated compound from the root extract was identified as 9, 12, 15-
octadecatrienoic acid or a-linolenic acid (ALA), an essential omega-3 fatty acid known for its
potential health benefits. ALA has been linked to various health advantages, including

cardiovascular health, diabetes management, renal health, and anti-inflammatory properties.

Keywords: Verbascum sinaiticum, phytochemical composition, a-linolenic acid, omega-3 fatty

acid, traditional medicine, health benefits, and acetone-d6.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Plants are valuable and fundamental to almost all life on earth. Humans consume plants as a source
of food and shelter. Plants uptake carbon dioxide to store carbon and produce oxygen in air. Plants
can also use as medicine, food utensils, shelter, clothing, fuel, firewood for cooking, timber for
construction, and as fodder for cattle. They are also; maintain soil fertility and for protecting
erosion and for controlling environmental balance of the temperature of the earth.

Moreover, plants have played important role in maintaining human health and improving the
quality of human life for thousands of years. Generally, they are source of Traditional medicine,
which is set of knowledge, ability or skill and cultural practices that based on different ethnic
experiences.

According to WHO TRADITIONAL MEDICINE STRATEGY definition (2014- 2023): - The
practice of traditional medicine (TM) is not new. It is the sum of all the information, expertise, and
methods:- whether explicable or not derived from the theories, convictions, and first hand
experiences of various cultures and applied to the preservation of health as well as the avoidance,
detection, enhancement, or management of physical and mental disorders [1].

As noted by Meresa and colleagues (2017), since the beginning of human civilization, medicinal
plants have been used by mankind for curing a variety of disease and pain. This is why medicinal
plants have played a key role in the worldwide maintenance of health. There is traditional medical
knowledge and practices around the world that are relevant to human health. The process of
extracting natural goods is the oldest human activity. Plant extracts and isolated products have
been used for centuries in agriculture, medicine, cosmetics, and diet supplements [2].

According to a study conducted by the research team (Bruce N et al., 1993), various research have
indicated that a wide variety of plants contain antioxidants. Foods, which are rich in antioxidants
can fight free radicals and make them harmless by breaking down their molecular structure. Thus,
by postponing or preventing oxidation brought on by reactive oxygen species (ROS), antioxidants
regulate and lessen oxidative damage in food, thereby extending the shelf life and quality of the
food [3].
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Ekor (2014) highlights Traditional herbal medicine has a long-standing history in many rural
locations of Ethiopia. Recent review indicated that more than 80% of the world’s population relied
on traditional medicine for their primary healthcare needs [4].

In their systematic review, Helen et al. (2019), plants have been used as a medicinal source in
Ethiopia from immemorial time to treat illness. These traditional medicines are rooted in
indigenous knowledge practices. Traditional healing methods receive the majority of their care
from the indigenous health care system. There are numerous different customs and religious beliefs
among Ethiopians. This makes for a rich and diverse knowledge and practice of traditional
medicine, including herbal treatments [5].

The medicinal properties of plants are due to some chemical substances that produce certain
definite physiological action on the human body. These non-nutritional components of plants with
advantageous phytochemicals can function as natural antioxidants, enhancing the body's
requirements. Natural components derived from plants can be obtained from any part of the plant,
including the bark, leaves, flowers, roots, fruits, and seeds. [6]. It is recognized that the products
of the plants contain a variety of secondary metabolites, which may include phenols, polyphenols,
terpenoids, flavonoids, tannins, alkaloids and others.

As explained in Kalia's (2005) Textbook of Industrial Pharmacognosy, the demand for plant-based
investigations of medicines and other supplements are rising in both developed and developing
nations. These natural products are well-known around the world since they are non-toxic, have
few adverse effects, and are readily available at affordable prices [7].

According to the illustrated checklist of medicinal plants in Ethiopia by Abebe et al. (2003),
peoples of Ethiopia use different parts of Verbascum sinaiticum for the treatment of ailments such
as scabies, amoebiasis, diarrhea, epilepsy, syphilis, tumors, liver problems, stomach issues,
diabetes, and asthma [8].

V. sinaiticum Benth is a part of the SCROPHULARCEAE family of medicinal plants. Having a
height of up to two meters, the plant is an erect herb. The leaves of the plant are simple and widely
oval oblong, and the entire plant is thickly matted and greyish [8]. The species is a perennial plant
in the genus Verbascum (mullein), The plant has an erect stem, richly branched, densely greyish
and is entirely covered with stellate hairs which are not pleasant to touch. It is not eaten by cattle,

beasts and all domestic animals.
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It is known by common name mullein (in English) and in Ethiopia it is called Ketetina,
Yeahyajoro, Daba Keded (Amharic), Gurra Harree (Afan Oromo), which is a biennial plant
growing 60-150cm in height. Various parts of this plant have folkloric uses in curing wounds
(leaves), abdominal dropsy, anthrax, diarrhea and fungal infections [9].

It is native to Afghanistan, Eritrea, Ethiopia, Gulf States, Iran, Iraq, Kenya, Lebanon-Syria, Oman,
Pakistan, Palestine, Saudi Arabia, Sinai, Somalia, Sudan and Yemen, and Widely distributed in all
regions of Ethiopia. The present investigation presented the qualitative analysis on the roots of V.

sinaiticum.

1.2 Statement of the problem

In Ethiopia different plants have been used as traditional medicine to treat different diseases. V.
Sinaiticum is one of the traditional medicines in some parts of Ethiopia. There are many natural
plants from which essential ingredients and components are extracted in order to cure many of the
diseases that are found today [10]. V. sinaiticum is traditionally used for the treatment of ailments.
The leaves, root, seeds and flowers of the species of the plant have been traditional medicine that
encouraged the researcher to carry out the phytochemical investigation of the study. V. sinaiticum
is traditionally used for treating various diseases, such as wound, stomachache, viral infection,
cancer, sunstroke, fever, abdominal colic, diarrhea, hemorrhage, anthrax and hepatitis.

There are some reports on antimicrobial and antioxidant activities of V. Sinaiticum leaf extracts of
preliminary tests. But phytochemical investigation on its root extract is not yet confirmed,
furthermore. It seems that phytochemical studies for characterization of chemical constituents of
the plant are unexploited area of research study of the constituents of the roots of V. sinaiticum

plant for its medicinal value.
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1.3 Significance of the study

Since plants provide us shelter, food, clothes, fiber and energy in the form of fuel, besides these,
plants are also used for medicinal purposes for general health maintenance and wellbeing of
human. Anti-bacterial and antioxidant species of plant origin have been identified from different
plant extracts by developing anti-bacterial and antioxidant agents of drugs. The results of the study
can help people to be aware about the plant to have the knowledge of phytochemical activity of V.

sinaiticum (mullein) and used as a source of information for further studies.

1.4 Objectives of the study
1.4.1 General objective
The general objective of the study was to investigate the phytochemical investigation of V.
Sinaiticum root extract.
1.4.2. Specific Objectives
» To extract root of V. sinaiticum using an organic solvent.

» To carry out chemical test (phytochemical screening) of the solvent extract of root and

of V. sinaiticum in order to determine the presence of secondary plant metabolites.
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CHAPTER TWO

LITERATURE REVIEW
2.1 The Family Scrophlariaceae

The family Scrophlariaceae is in the major group Angiosperms (Flowering plants).
Scrophlariaceae is a family of flowering plants. The plants are annual or perennial herbs. The
scrophlariaceae has a cosmopolitan distribution with 275 genera and 5000 species, with the
majority found in temperate areas, including tropical mountains. The family name is based on the
name of the included genus scrophularia L. Additionally, powdered V. sinaiticum leaves diluted
with water is taken orally [11] or the filtrate is administered to treat animal trypanosomosis into
the left ear and nostril [12]. Two flavonolignans, hydrocarpin and the novel sinaiticin, as well as
two flavones, chrysoriol and luteolin, have been identified by analysis of V. sinaiticum leaves [13].

Classification of V. sinaiticum

Kingdom plantae

Division Tracheophyta

Class Magnoliopsida

Order Lamiales

Family Scrophulariaceae- figworts, scrofulaires
Genus Verbascum L. mullein

Species V. sinaiticum L- wavy leaf mullein.

Figure 1 V. sinaiticum plant

2.2 The genus Verbascum

Verbascum genus includes about 360 species, distributed throughout the northern hemisphere [14].

There are several uses for the broad group of plants in the genus Verbascum (family
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Scrophulariaceae) in traditional medicine. These plant species' aerial portions are used to treat
respiratory issues such urinary tract infections, bronchial congestion, and cough. Senatore et al.
(2007) investigated the growth-inhibitory and antibacterial properties of V. sinaiticum, these plants
are used in traditional medicine because of their diverse biological qualities, which include

sedative, antioxidant, anticancer, antihistaminic, analgesic, and antispasmodic properties [15].

2.2.1 Traditional use of Verbascum species

Utilizing V. sinaiticum traditionally comprises: stomachache from treating wounds [16]; cancer,
viral infection [17]; sunstroke fever, diarrhea, anthrax, abdominal colic, and bleeding [12];
hepatitis treatment [18]. Because of the varied spectrum of biological activity of Verbascum
species, they have been utilized in traditional medicine for centuries. Ethiopians used the root of
V. sinaiticum to treat tumors [19], rheumatic pain, wound healing, ocular illnesses, mental
sickness, amnesia, tapeworm, syphilis, gonorrhea, relapsing fever, elephantiasis, colds and chest
infections [20]; [21]; [22]. The root is chewed for toothaches, crushed, powdered, and applied with
butter to the affected area for healing wounds, and taken orally or nasally with water to treat leech

infections, snake bites, and lymphadenitis. [23].

2.2.2 Previously isolated compounds (phytochemicals) from genus Verbascum

The genus Verbascum is characterized by the accumulation of steroids, glycosides, alkaloids,
flavonoids, phenolic compounds, and tannins [24]. Even if numerous Verbascum species grow
wild in various ecosystems of East Africa and Ethiopia, only a limited number of these species
have been subjected to phytochemical studies. Especially endemic species of Verbascum, are not
studied yet.

The phytochemical study from the leaves of Verbascum species. Among different compounds only

some compounds are mentioned below.

1) Saponins 2) Monotefpene Glucosides 3) Sterol
4) Phenylethanolide Glycosides 5) Neolignan Glucosides 6) Iridoid Glycosides
7) Flavonoids 8) Steroids.
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Figure 2 Some isolated compounds from genus Verbascum

2.3 Verbascum sinaiticum

The genus Verbascum, commonly known as “mullein’’, is a widespread genus of the family
scrophulariaceae which comprises more than 2500 species worldwide. The genus is represented
by 233 species, 196 of which are endemic; in the flora of Turkey [25] and 8 of them are endemic
plants of Ethiopia [26]. The genus Verbascum is characterized by biennial or perennial herbs with
yellow flower [27]. Traditional medicine has included the use of V. sinaiticum. It is used to treat
diarrhea (root), postpartum bleeding (leaves), anthrax (root and leaves), abdominal dropsy (root),
and superficial fungal infections (flower and roots). [28]. While the leaf is used to cure wounds,
measles, and tinea infection, the root is also used to treat mental disease, amnesia, tapeworm,

syphilis, gonorrhea, relapsing fever, rheumatic pain, and elephantiasis. [29].
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2.3.1. Previously Isolated compounds from V. sinaiticum
Previous studies, revealed that the phytochemical analysis from V. sinaiticum leaves had many

chemical ingredients like alkaloids, flavonoids, phenolic compounds and tannins [30].

o L
(j\/\ » N O l
> 1 OH
If CH; N CHj3
H e}

) a0) 1) (12)

H
HO i |

ou COOH
- On - T OCH;
aas) aa4) as)

Figure 3 Compounds isolated from V. sinaiticum in preliminary phytochemical screening

2.4. Phytochemicals in medicinal plants
Phytochemicals are chemicals of plant origin [31]. A large variety of compounds generated from
plants called phytochemicals is thought to be mainly in control of the disease prevention benefits
of diets rich in fruits, vegetables, legumes, grains, and plant-based beverages like tea and wine
[32]. Phytochemicals (from Greek phyto, meaning “plant”) are chemicals produced by plants
through primary or secondary metabolism [33]. Phytochemicals are non-nutritive chemicals found
in plants. They serve as natural defense mechanisms, protecting plants from harmful
microorganisms, insects, and environmental stressors. The following ten categories are used to

group phytochemicals according to their chemical structure [8].
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Figure 4 Classification of phytochemicals

Plant components that contain phytochemicals include stems, leaves, roots, seeds, fruits, and
flowers. On the other hand, the outer layers of plant tissues contain large amounts of certain
phytochemicals, particularly color pigments [34]. Previous studies have shown that
phytochemicals reduce the synthesis or absorption of cholesterol and lower the risk for various
ailments, including high blood pressure, diabetes, liver problems, and coronary heart disease [35].
In Europe, Asia and Northern America, several Verbascum species have been reported as
antiseptic, astringent, demulcent, emollient, for tumors, inflammations, migraine, asthma and
spasmodic coughs [36].

Depending on the function in plant metabolism, phytochemicals can be divided into two
categories: primary and secondary metabolites. Plants require primary metabolites, which include
lipids, proteins, amino acids, carbohydrates, purines, and pyrimidines of nucleic acids. It's possible
that secondary chemicals are absent. and are not required and of secondary importance for the
maintenance of life.

In contrast, the remaining plant compounds generated by cells via metabolic pathways that spread
out from the primary metabolic pathways are known as secondary metabolites [37]. Recent
investigations have reported that the secondary constituents are the remaining plant chemicals such
as alkaloids, terpenes, flavonoids, lignin, plant steroids, curcumins, saponins, phenolic and

glucosides [38].
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2.4.1. Alkaloids

Alkaloids are nitrogen-containing compounds that obtained from plants [39]. They are all
nitrogen-containing compounds, no general definition fits all alkaloids. Alkaloids are naturally
synthesis by large numbers of organisms including animals, plants, bacteria and fungi. Alkaloids
have been extensively investigated for their biological activity (e.g. anticancer, antibacterial,
antiviral and nervous depressant activity in both traditional and modern medicine [40]. Alkaloids
are soluble in lipids when in basic and neutral environments and soluble in water when in an
acidic medium. [41]. Alkaloids have low molecular weight and are solids in nature [10].
Alkaloids are widely distributed in plants, making up about 20% of the secondary metabolites [42].
The main criteria for classifying alkaloids are their structure and place of origin. The alkaloids are
divided into real alkaloids, proto alkaloids, and pseudoalkaloids based on the place they originated.
Moreover, alkaloids can be divided into heterocyclic and non-heterocyclic substances based on the
place of nitrogen atom is located [43]. An alkaloid with a heterocyclic ring is one that contains
the nitrogen atom [44]. On the other hand, it is referred to as a non-heterocyclic alkaloid if the
nitrogen atom is present but not on the heterocyclic ring (aliphatic chain) [42]. Some of important
naturally occurring alkaloids are Tryptanthrin (1), nicotine(2), hygrine (3), isopelletierine(4),

anabasine(5), and mysomine(6) [45].

oD e P
o

L CHg3 CHs ©Hy

(16) (17) (18)

H
N
(L @Ip e
CH3 H
@n

(19) (20)

Figure 5 Structure of the important naturally occurring alkaloids.
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2.4.2 Flavonoids

Flavonoids are the most diverse group of phytochemicals. They represent a structurally diverse
group of polyphenolic compounds which are sythesized during plant metabolism [46]. Flavonoids
are a large family of substances (more than 4000, of which several hundred are found in edible
plants) and have multiple roles in plants-from attracting pollinating insects for protecting plants
from environmental stressors [47]. The pattern of carbon ring substitution and the degree of
oxidation vary between the different types of flavonoids. They are included in the large family of
phenolic compounds or polyphenols and comprize more than 6000 different structures
[48].Flavonoids are characterized by a shared skeleton of diphenylpropane, found in flavones,
flavonols, flavanones, flavan-3-ols, etc., commonly present in vegetables, fruits, herbs and teas
[49]. Flavonoids are used for natural dyes [50], in skin care and makeup products [51], and for skin
anti-wrinkle agents [52]. Nevertheless the medical field is where these polyphenols are most
prominently used. Numerous studies have identified flavonoids as anticancer agents [53], antiviral,
antibacterial, and antiangiogenic [54], compounds with antimalarial, neuroprotective, antioxidant,
antitumor, and anti-proliferative properties [55]. Flavonoids generally refer to the natural products
of C¢-C3-Cs basic structures . Most of them are the chromone derivatives with the core structure

of 2-phenylchromone and made up of three rings of A/B/C [56].

chromone 2-phenylchromone Cs-C5-Cq

Figure 6 Basic structure of flavonoids

2.4.3 Phenolic compounds

There are more than 10,000 phenolic structures recognized in nature, ranging from simple aromatic
rings to complex polymerized compounds, making the phenolic compounds one of the main and
largest categories of secondary metabolites of plants [57]. The ability of phenolic compounds

obtained from plant-based byproducts to scavenge free radicals in both in vivo and food systems
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has been investigated [58]. Phenolic compounds act as antioxidants and contribute to overall
health.

Phenolic compounds are categorized as either polymers, extensively distributed, or shortly
distributed based on how widespread they are found in nature [29]. The phenolic chemicals that

are found in all plants are regarded as broadly spread.

Due to phenolic compounds serve as a natural defense against microbiological illnesses and can

be added to food during processing to increase the shelf life of items like catfish fillets [59].

Benzoic acid Cinnamic acid Flavonoid Coumann Salicylic acid

CEH ©/\/(“3\0H @o %H

Figure 7 Examples of widely distributed phenolics.

Phenolic compounds that are shortly or less widely distributed have limited presence in plants and

include simple phenols, pyrocatechol, hydroquinone, and resorcinol (figure below).
Phenol Catechol Hydroquinone Resorcinol
O
OH HO\©/OH
o o,
OH
Figure 8 Examples of shortly distributed phenolics

2.4.4 Glycosides

The secondary metabolites found in plants that have non-sugar parts linked to a sugar moiety are
called glycosides. It comprises the aldehyde or keto group of the sugar moiety and the hydroxyl
group of non-sugar or phenolic. These substances have a variety of positive effects on both humans
and animals; however, a lot of plants store these compounds in inactive form, which the body's
enzymes can then activate [57]. So many plants store chemicals in the form of inactive glycosides,
which can be activated by enzyme hydrolysis. Glycosides are widely distributed in plants and

responsible for their medicinal value.
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Many Glycosides:- are toxic, ecologically important, Serve as potential source of new drugs and
starting materials for semi-synthetic drugs. Glycosides can be classified into major classes’ namely
cardiac glycosides, flavonoid glcosides, thiocyanate glycosides a basic structure of glycosides

[72].

H
/ CH,OH
HO 0 OCH;
H H H,0, H*
0 e
HO CHO
no Adl it
. cone pal
Su Glucovanillin el p
gar part ; OCH
(B isomer) 3
Glucose + on CHO
Vanillin

Figure 9 bonding of sugar component and aglycone component in glycosides, using glucovanillin as a
specific ~ example. The bonding is through oxygen to the carbonyl carbon. /60/]

2.4.5 Terpenoids

Terpenoids are widely found in plants and can form cyclic structures such as steroids and sterols.
The term terpenoids is used to describe terpenes (hydeocarbons) and their oxygenated,
hydrogenated derivatives [61]. Terpenoids, sometimes termed isoprenoids, are a class of organic
compounds that exist naturally. They are generated from the substance isoprene, which has five
carbons, and its derivatives, which are referred to as terpenes, diterpenes, etc [62]. Most natural
terpenes hydrocarbons have the general formula ( CsHg),. Whereas "terpenoids" and "terpenes"
are occasionally used interchangeably, terpenoids have extra functional groups, typically oxygen
[63]. When terpenoids are mixed with hydrocarbon terpenes, they make up nearly 80,000
compounds [64]. The majority of known natural products are classified as secondary metabolites

found in plants, accounting for over 60% of them [65].
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Figure 10 structure of important terpenes

2.5 Free radicals

Free radicals can be defined as molecule or molecular fragments containing one or more unpaired
electrons in atomic or molecular orbital. The majority of radicals share certain characteristics in
common due to the presence of an unpaired electron, including being extremely reactive and
unstable. These unpaired electron(s) usually gives a considerable degree of reactivity to free
radicals [66]. They can be either donate an electron or accept an electron from other molecules,
therefore behaving as oxidants or reductants [67].

There are some different types of free radicals, oxygen-centered, nitrogen-centered, carbon-
centered and sulphur-centered radicals are different free radical species [68].

Some reports indicate that there are numerous types of free radicals that can be formed within the
body. Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are major components
of the “free radical” system.They are generated by our body by different endogenous systems,
exposure to conditions or pathological states. Free radicals are accountable for various disease like
Cardiovascular disease, Cancer, Neurological disease, Pulmonary disease, Rheumatoid arthritis,
Nephropathy, Ocular disease and Fetus [69]. Free radicals once generated through various
physiological processes in living organisms, they can react with other biomolecules to attain

stability.

2.6 Antioxidants

An antioxidant is a molecule stable enough to donate an electron to a rampaging free radical and
neutralize it. These antioxidants' primary mechanism of action is the scavenging of free radicals,

which delays or inhibits cellular damage [70], These modest molecular weight antioxidants safely
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engage in a chain reaction with free radicals, stopping it before any important molecules are
harmed. Among these antioxidants are uric acid, glutathione, and ubiquinol, which are created by
the body during regular metabolism. [71]. There are additional, weaker antioxidants in food.
Generally the role of antioxidants are to neutralize the excess of free radicals, to protect the cells

against their toxic effects and to contribute to disease prevention.
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CHAPTER THREE

MATERIALS AND METHOD
3.1 Materials

3.1.1 Plant Materials Study Area
Fresh root of V. sinaiticum were collected in November, 2023 from Sebeta, which is located in

Sheger city, Oromia regional state.in Ethiopia that is 24 km South West of Addis Ababa.The plant
material was identified and authenticated by botanist in Department of biology.

3.1.2 Chemicals and reagents

The chemicals and reagents used for this study are chloroform. ethylacetate, Methanol,

cyclohexane, hydrochloric acid, sulfuric acid, ammonia solution and acetone.

3.1.3 Instruments and Apparatus

'H, 13C, and 2D NMR spectra were recorded on a Bruker advance 400MHz spectrometer with
TMS as internal started. The necessary apparatus and instruments used for this study included
electronic beam balance for mass measurement, vacuum rotary evaporator for concentrating
filterate, volumetric flask, beaker, round bottom flask, UV lamp 254 nm, Whatman No.1 Filter
Paper, Erlenmeyer flask, micropipette, burette, graduated cylinder, test tubes and TLC-paper are

used.

3.2 Extraction and Isolation

3.2.1 Extraction

The freshly chopped V. sinaiticum roots were collected, cleaned by rinsing wash with running tap
water to remove soil and dust particles. The roots were air dried at room temperature and ground
into powder with grinder. About 10g of powdered root of V. sinaiticum was soaked in 1L methanol
for 24 hours in Erlenmeyer conical flask. Then the mixture was filtered through Whatman No. 1
filter paper. The filterate was concentrated using a rotary evaporator under reduced pressure at 40-
45°C. The remaining crude extract was refrigerated in an airtight bottle at 4°C until it was used,
following solvent evaporation [72]. The remaining solvent was removed at room temperature to
obtain a complete dry powdered residue (crude extract). Finally, the concentrated crude extract

solution was dried and applied for coulumn chromatorgaphy.
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Concentrating

Figure 11 Graphical representation of crude extracts and preparation process

3.2.2 Isolation

After a fine dry powder residue ground by using mortar and pistil, the dry powdered sample was
adsorbed on 10 g silica gel and subjected to column preparation.The colmn was washed and rinsed
with n-hexane and prepared by packing in a glass column (4 cm by 48 cm) with slurry of silica gel
of 60 g in 200 ml of n-hexane.The dry powder was applied on the top of packed silica gel and
fractionated using a gradient solvent system containing chloroform/cyclohexane (1:1) twice,
chloroform (100%), chloroform/ethyl acetate (1:1) twice , ethyl acetate 200ml or (100%), ethyl
acetate 100ml, ethyl acetate/methanol (95% to 5%), ethyl acetate/methanol (90:10), ethyl
acetate/methanol (80:20) that were used to elute the components which were collected in well
washed, oven dried and labeled beakers before the plant material travelled to the column neck.
This successive elution was collected in 10 beakers (Table 1).

Table 1 Column chromatography of fractions of crude extracts

Fractions | Solvent system Ratio Volume
1 Chloroform:Cyclohexane 1:1 200ml
2 Chloroform:Cyclohexane 1:1 200ml
3 Chloroform 100% 200ml
4 Chloroform: Ethylacetate 1:1 200ml
5 Chloroform: Ethylacetate 1:1 200ml
6 Ethylacetate 100% 200ml
7 Ethylacetate 100% 100ml
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The elution was stopped when the darkest part at top reached the bottom. Each fraction was
monitored by TLC. Thin layer chromatography showed that the strongly fluorescence quenching
at 254 nm, and to stain blue black with vanilin. Out of 10 fractions, 1-3 were colourless, fraction
4 light brown, 5 colourless, 6 colourless, 7-10 had multiple spots and colourless. Fractions 1-3
were discarded because their TLC results were joined together in invisible way, fraction 4 was
prepared for column which showed three clear spots, fraction 5 was discarded because the result
had no spots, fraction 6 gave a single spot on TLC with R¢ value of 0.81. It was transferred in a

vial labelled VSG-1.

Similarly crude extract of sample 4 which was transferred from beaker four of aqueous part was
subjected to column chromatography of diameter 3 cm by 21cm height elution with solvents of

Cyclo hexane/Ethyl acetate and a total of 16 fractions were collected in test tubes.

Fractions 1-4 were dicarded, because it was impure, fractions 4-6 showed the same and single
spots, and fractions from 7-9 contained single spot on TLC and were the same which mixed in and
showed single spot. Fractions 7-9, which were mixed in the test tube gave single spots with Rf
value of 0.857 and was colourless liquid. It was transferred in a vial labelled VSG-4. After that the

vials were sent for spectral analysis.

3.3 Structural Elucidation

The '*C NMR, 'H NMR and DEPT-135 spectra were recorded for both compound VSG-1 and
compound VSG-4, the 2D-NMR (HSQC, HMBC and COSY) experiments were run for
compound-VSG4. But for compound-VSG1 2D-NMR was not generated due to insufficient of

sample. Therefore, this thesis constitutes characterization of compound VSG-4.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4. 1 Characterization of compounds isolated from the roots of V. sinaiticum
4.1. 1 Characterization of compound VSG-4

Figure 12 structure of compound VSG-4

Compound VSG-4 was isolated as a colorless liquid from Cyclohexane: Ethyl acetate (2:1) extract
Rf value of 0.85 that indicating its polarity and chromatographic behavior. The complete proton
and carbon assignments were determined using the combination of 1D ("H NMR, '3C NMR, DEPT
and 2D spectra (HSQC, HMBC and COGY) NMR experiments (Appendix).

"H NMR (400 MHz, Acetone-d6) & 10.54 three double bonds at & 5.36 from olefinic protons
which contained six methine (CH) groups, and Protons attached to bis allylic carbons at § 2.83
(multiplet) two carbons can be observed , a methylene at § 2.29 (triplet) of protons, and Protons
attached to the allylic carbons found at § 2.07 (Quartet) signal, [ methylene at a signal of § 1.60
(multiplet), However methylene at § 1.39 (multiplet), methylene at § 1.32 (multiplet) and
methylene at § 1.30 overlapped, methyl at § 1.09 (multiplet) or at § 1.02 and & 0.87 (multiplet)
and overlapped with methylene(CH2)n[74]. (figure 4.9) and Appendix figure 2 showed that the
region from § 0.6 to § 5.5 has seven peaks for twenty nine (29) hydrogen atoms. The peak at &
0.87to 6 1.02 overlapped, Additionally the proton of COOH appears in the downfield region of
the NMR spectrum, around 10 -12 ppm, this is due to the electron with-drawing effect of the
carbonyl group (C=0) in the carboxylic acid functional group. This effect deshielded the proton,

causing it to resonate at higher frequency.
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Figure 13 The H-NMR spectrum of VSG4 in Acetone

The '*C NMR spectrum carbon containing one peak was the first carbon (carbonyl carbon)
appeared at 6(173.77) and for alpha linolenic acid, the six olefinic carbons gave five (5) signals;
6 (129.96, 129.79, 129.77, 128.08, 127.89) due to two carbons overlapped. The two carbons ; bis
allylic § ( 25.29, 28.82) are appeared as a single peak at § 25.29, one carbon (6 131.54) is alpha
to the first, two carbons (6 29.01) and §(13.46) are allylic carbons, The other § (20.56) is B
methylene , four of § (29.13,29.39,33.29, 31.81) are methylene and one methylene is attached
to the methyl at § ( 11.72), When a methylene group (CH>) attached to a methyl group (CH3), the
NMR signal is typically a quartet. Spin-Spin Coupling: The protons on the methylene group
interact with the protons on the adjacent methyl group. This interaction is called spin-spin
coupling. [74].

Peak groups are justified by DEPT-135 and HMBC. As can be seen from figurel0, there were 17
peaks for 18 carbon atoms. Finally, for linolenic acid, the six olefinic carbons gave 5 (five) signals
(two overlapped) and the two bis-allylic ones are slightly resolved [73]. The allylic and divinyl
carbons in 13C NMR spectra can be used for determining the composition of unsaturated fatty
acids. The difference in the 13C NMR and GC values was only +5% at most. Thus, the 13C NMR

technique created in this work is valid [74].
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Figure 14 the 13C NMR data of the compound VSG-4
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Table 2: 1H NMR (400 MHz and 13C NMR (101 MHz, Acetone) & 205.30 spectroscopic data of
9,12,15-octadacatrienoic acid from V. sinaiticum

g VSGy Lit. Lit.

g= 1H NMR (400 MHz, Acetone d6) '"H NMR 90 MHz
§ 3C NMR (101 MHz, Acetone) 13C in CDCl; [86]

[8]
Letter | DEPT | 8¢ du dc 6H
D C-2 131.5 2.29(t, J=7.4Hz, 2H), 134.13 2.340
F Cc-3 20.5 1.68—-1.48 (m,2H), 24.69 1.61
G C-4 29.1 1.30 (m, 4H), 29.09 1.34-1.30
- 1.35—1.29 (m, 2H),

G C-5 294 143135 (m,2H), 29.13
G C-6 333 29.62
G C-7 29.0 29.21
E C8 29.0 2.07 (qt ,J=6.4, 3.4 Hz, 2H), 27.23 2.04 -2.07
B C-9 1299 131.85 |5.17-5.54
B C-10 |1277 | >46-326 (m.2H), 127.16
C C-11 25.3 2.83 (dt, 15.0, 6.1 Hz, 2H ), 25.56 2.800
B C-12 129.8 5.46-526 (m, 2H), 128.26 5.17-5.54
B C-13 128.1 128.22
C C-14 | 288 2.83 (dt, J=15.0, 6.1 Hz, 2H), | 25.65 2.800
B C-15 |1279 |546-526 (m,2H), 12780 | 5.17—-5.54
B C-16 | 1298 130.14
J C-17 |134 1.02-0.67 (m, 5H). 2056 | 0.973
K Co8 | 117 1426
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Table 3: COSY Correlation of compound VSG-4

Carbon Position

Proton - Proton Correlation

(COSY)

C-9 (129.86 ) and C-8(129.96 )

H-536 «<——> H-2.07

C-13(128.08 ) and C-14(28.82)

H-536 <—> H-2.83

C-13(128.08 ) and C-11(25.29)

H-536 <—> H-2.83

C- 12(129.79) and C — 11(33.29)

H-536 «<—> H-283

C- 12(129.79) and C -14(25.29)

H-536 <——> H -2283

C -2(128.08) and C -4 (29.13)

H-229 <—> H-1.58

The 1H-'H COSY spectrum (Appendix) correlations between C-9 ( §5.36) correlates with
C-8(6 2.07) identified C -9 of methine (CH) from olefinic is attached to C-8 of allylic carbon.

Additionally, the proton-proton connectivity indicated in C-13 (§ 128.08) correlated with C-14
(6 28.82) and C-11(6 25.29), C- 12(6 129.79) with C-11(33.29) and C -14(25.29), C -2(8
128.08) also correlated with C -4 (6 29.13).

Figure 15 COSY correlations on alpha linolenic
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Table 4 : the HSQC spectrum correlations of compound VSG-4

Carbon Oc Su Remark
Number (HSQC correlation
with H)

C-2 131.54 1.31 and 2.29 CH,
C-3 20.56 1.35and 1.12 CH?
C-4 29.13 1.58 and 1.33 CH,
C-5 29.39 1.58,1.45 CH,
C-6 33.29 2.29 and 2.26 CH,
C-7 31.81 1.97,and 2.09 CH,
C-8 29.01 2.07 and 1.95 CH,
C-9 129.96 5.36 CH
C-10 127.68 5.38 CH
C-11 25.29 2.83 and 2.77 CH;
C-12 129.77 5.36 CH
C-13 128.08 5.36 CH
C-14 28.82 2.83 and 2.77 CH,
C-15 127.89 5..36 CH
C-16 129.79 5.38 CH
C-17 13.46 1.02 CH;
C-18 11.72 0.91,0.91 0.88 CH;

The HSQC correlation of compound VSG-4 of spectrum (Appendix) indicated alpha methylene
proton at a signal of § 2.29 (t, J] = 7.4Hz, 2H). beta methylene correlation with carbon is at a
signal of § 1.68 —1.48 (m,2H), correlation of four methylene groups attached with a carbon
signal até 1.30 (m, 4H),1.35-1.29 (m,2H and § 1.43 —1.35 (m,2H), allylic carbon correlated
with signal at § 2.07 (qt ,J= 6.4, 3.4 Hz, 2H), and olefinic carbons with three double bonds
showed signal at 5.46-526 (m, 8H), finally bis allylic and ethylene (methylene , methyl) showed
signals at 2.83 (dt, J = 15.0, 6.1 Hz, 4H), and 1.02 — 0.67 (m, 5H).
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The HMBC spectrum (appendix 6) of compound VSG-4 showed that the correlations between
protons and carbon atoms. The correlation of the methyl proton both allylic carbon and the
olefinic carbon with the allylic proton and the methyl carbon and olefinic proton coupling with
allylic carbon. The beta hydrogen show coupling with methylene carbon. The carbonyl carbon

coupling with methylene proton.

The 1H NMR spectrum revealed the presence of characteristic signals for olefinic protons,
methylene groups, and methyl groups. These signals were indicative of a fatty acid structure.

The spectral data obtained for VSG-4 were compared with those of known fatty acids. The
comparison suggested that VSG-4 is likely a derivative of linolenic acid, a polyunsaturated fatty
acid. The presence of the characteristic peaks for the olefinic protons and the methylene groups
supported this identification. To further confirm the structure of VSG-4 and the connectivity of

its functional groups, the following spectroscopic techniques were employed:

COSY: The COSY spectrum revealed correlations between the olefinic protons at 6 5.36 and
the adjacent methylene protons at & 2.07, 2.83, and 2.29. These correlations confirmed the

presence of olefinic group between carbons 9 and 10.

HSQC: The HSQC spectrum established the direct correlations between protons and carbons,
allowing for the assignment of chemical shifts to specific carbon positions. This technique
confirmed the presence of a methylene group at & 2.29, an allylic carbon at 6 2.07, and olefinic

carbons at 6 5.36.

HMBC: The HMBC spectrum revealed long-range correlations between protons and carbons,
providing further evidence for the structural connectivity. For example, the correlations between
the methyl protons at  0.87-1.02 and the olefinic carbons at & 5.36 indicated the presence of a
methylene group attached to the methyl group. Linolenic acid and its derivatives have been

extensively studied for their potential health benefits.
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Finally, based on the spectroscopic data described above, the isolated compound from the root
extract was identified as 9, 12, 15-octadecatrienoic acid or a-linolenic acid (ALA), an essential

omega-3 fatty acid known for its potential health benefits.

O
HO o T

9, 12, 15-octadecatrienoic acid or ?-linolenic acid (ALA)
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

This study focused on the isolation and structural elucidation of secondary metabolites from the
roots V. sinaiticum. Using different solvent system and spectroscopic method, the structure of one
compound was successfully elucidated namely, 9, 12, 15-octadecatrienoic acid or a-linolenic acid.
An attempt was done on another fractions of the extracts(VSF-1), However, sufficient NMR data
was not able to generate due to small quantity of the isolated compound.

Based on the findings of this research, the following recommendations are proposed for future
studies:

1. Isolation and Purification: Further research should focus on isolating and purifying the
individual compounds identified in the root extracts of V. sinaiticum. This will allow for a
more comprehensive evaluation of their biological activities and potential therapeutic
applications.

2. Pharmacological Evaluation: The isolated compounds should be subjected to in vitro and
in vivo studies to assess their pharmacological properties, including antioxidant, anti-
inflammatory, antimicrobial, and anticancer activities.

3. Traditional Medicine Integration: The findings of this research can be integrated into
traditional medicine practices to provide scientific evidence for the use of V. sinaiticum in
treating various ailments.

4. Sustainable Cultivation: Research on sustainable cultivation practices for V. sinaiticum is
essential to ensure the long-term availability of this valuable medicinal plant.

5. Comparative Studies: Comparative studies with other species of Verbascum can help to

identify unique phytochemical profiles and potential therapeutic properties.
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1H NMR Spectrum of VSG-4
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Appendix 3:

DEPT Spectrum of VSG-4 in Acetone
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Appendix 4: 1H-1H COSY Spectrum of VSG-4 in Acetone
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Appendix 5: tHSQC Spectrum of VSG-4 in Acetone
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Appendix 6: THMBC Spectrum of VSG-4 in Acetone
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