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ABSTRACT

Medicinal plants are the raw materials for both traditional medicine and conventional
medicine and 90% of all traditional medicines are estimated to be plant based. Vernonia
amygdalina is a soft woody shrub/tree belonging to the family Asteraceae and genus
Vernonia. The flowers of V. amygdalina were extracted successively with CHCI; and acetone
to furnish 1.78 and 1.91%, respectively. The phytochemical screening test of the chloroform
extract of the flower of V. amygdalina revealed the presence of secondary metabolites
including alkaloids, quinones, saponins, steroids, tannins and terpenoids where as the
acetone extract showed the presence of alkaloids, flavonoids, phenols, quinones, saponins,
steroids and terpenoids. The CHCI; extract after silica gel column chromatography has led to
the isolation of two compounds identified as tricosane (VAC-F1) and vernolide (VAC-F16).
On the other hand, the acetone extract furnished isorhamnetin (VAA-F16-17) and luteolin.
Structure elucidations of these compounds were achieved using various spectroscopic
methods such as NMR, IR and UV-Vis. The extracts and constituents were assessed for their
radical scavenging activity. Results showed that the acetone extract and isorhamnetin
scavenged the DPPH radical by 91.6 and 94%, respectively. The result is comparable with
ascorbic acid (97%) used as positive control. Furthermore the extracts, isorhamnetin and
vernolide were also evaluated for their antibacterial activity against three gram negative
(Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis) and two gram positive
(Staphylococcus aureus and bacillus) bacteria. The CHCI; extract and vernolide showed
strong activity against S. aureus with an inhibition zone of about 21 and 19 mm, respectively.
The acetone extract and isorhamnetin were active against all bacterial pathogens tested in
this study. The biological activity displayed by the extracts and constituents of this plant

corroborate the traditional uses of this plant by the local people against various diseases.

Key words: Medicinal plant, Asteraceae, Vernonia, V. amygdalina, phytochemical screening,

Antibacterial, antioxidant, vernolide, isorhamnetin and luteolin
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1. INTRODUCTION
1.1 Background

Nature has provided us a variety of valuable resources for the survival of all living organisms
on Earth. Among these plants are vital to mankind, animals and environment all over the
world. They are primarily used as foods and medicines beginning from prehistoric times.The
term medicinal plants include various types of plants used in herbalism and some of these
plants have medicinal activities. Medicinal plants are the richest bioresource of drugs for
traditional systems of medicine, modern medicines, nutraceuticals, food supplements, folk
medicines, pharmaceutical intermediates and chemical entities for synthetic drugs. These
medicinal plants are rich sources of ingredients which can be used in drug development and
synthesis. Besides, these medicinal plants play a critical role in the development of human
cultures around the whole world. History and numerous studies have shown that medicinal
plants are sources of diverse nutrient and non-nutrient molecules. The leaves, flowers,
berries, barks and/or roots of plants are traditionally used as antibacterial, antioxidants,
antimalarial, analgesics, and for several other ailments which can protect the human body

against both cellular oxidation reactions and pathogens [1].

Most African countries are very poor, with highly under developed health care systems. A
larger percentage of the African population is living below the poverty line and cannot afford
expensive conventional medicinal drugs [2]. Herbal medicine has therefore provided the best
alternative method for their health care to treat themselves from different ailments of the

disease. Many people are now turning to herbal medicine as a source of medication [3-4].

In view of this, the majority of Ethiopian's population still depend on traditional medicine
mainly due to shortage of pharmaceuticals, inadequate coverage of modern medical system
and unaffordable prices of modern drugs [5]. Traditional medicinal practices are common in
Ethiopia in which about 80% of the population in the country use plant based TM by
indigenous knowledge as their major primary health care system [6]. The ways TM are used
as diverse as the different cultures existing in the country. Traditional medicine healing
practice is not only concerned with curing of diseases but also with the protection and

promotion of human physical, spiritual, social, mental and material well-being [7].



Medicinal plant products are affordable especially for the rural people. Most of the plants are
locally available, accessible and inexpensive. The other aspect is its biodegradability and
therefore causing minimum environmental pollution as opposed to the conventional drugs
where drug spillage and their containers are part of the environmental pollution. The
medicinal plants are also socially accepted by many communities especially in the rural
areas as they have been in use for a long time, Furthermore, the use of medicinal plant
products are part of the livelihoods of majority of the people who are involved in

conservation, harvesting, marketing and even the traditional practitioners [8].

The other advantage on the usage of medicinal plants is that they have little side effects as
compared to conventional drugs and anybody may not expense more money on how to use
them since there are local expertise on the usage of these plants. Medicinal plants are also
the raw materials for both traditional medicine and conventional medicine and 90% of all
traditional medicines are estimated to be plant based [9]. Herbal medicines are currently a
major demand for human necessity and their popularity is increasing from day to day. Herbal
drugs referred to as plant materials or herbals, involves the use of whole plants or parts of

plants, to treat injuries or illnesses [10].

Medicinal plants serve as a vast pool of many organic compounds produced either as a result
of the organism adapting to its surrounding environment or for its own survival and defence
against predators. These compounds, called secondary metabolites, are responsible for the
biological activities elicited by medicinal plants. Hence, an attention was given to isolate
these compounds from medicinal plants which are used for their healing properties in
addition to their use for the production of plant derived modern drugs. It was also noted that,
there have also been increased waves of interest in the field of research in natural products
chemistry. This level of interest can be attributed to several factors, including unmet
therapeutic needs, the remarkable diversity of both chemical structure and biological
activities of naturally occurring secondary metabolites, the utility of novel bioactive natural
compounds as biochemical probes, the development of novel and sensitive techniques to
detect biologically active natural products, improved techniques to isolate, purify, and
structurally characterize these active constituents, and advances in solving the demand for

supply of complex natural products [11].



Ethiopia is considered as home for many species of higher plants; making the country one of
the most diverse floristic regions in the world. The country possesses a wide range of
indigenous and endemic medicinal plants that are used for the treatment of various ailments.
Vernonia amygdalina is traditionally used to treat many ailments including diabetes [12-13],
anti-helminth, anti-malarial, laxative, digestive tonic, appetizer, febrifuge and for the topical

treatment of wounds [14]. Stems are used as chew sticks for oral hygiene [14].

In Ethiopia the leaves of the plant are used to treat skin wound by Zay people who
live on the islands of Lake Zway, South of Addis Ababa [15]. Its traditional use as
antifertility agent is reported. ~The present study therefore aims to investigate the
phytochemical constituents, antioxidant and antibacterial activities of the flower extracts of

V. amygdalina.

1.2 Statement of the Problem

In some African countries including Ethiopia, V. amygdalina is among medicinally
significant plant which is used against malaria, helminth infections, gastrointestinal disorders
and fever [16]. The species is also used to promote wound healing [17] and to treat microbial

infections [18].

1.3 Justification of the study

Despite numerous report on the secondary metabolite profile of the leaves, to the best of our
knowledge there is no prior scientific report on the chemical constituents of the flowers of
this species. Furthermore, the antioxidant and antibacterial activities of the flower extracts
and constituents of V. amygdalina have not been reported in the literature. Hence this thesis
also addresses the antioxidant and antibacterial activities of the flower extracts and

constituents of V. amygdalina.

1.4 Significance of the study

In the past, humans used medicinal plants traditionally for controlling different diseases. It is
evident that some disease causing micro-organisms that were previously controlled by
conventional medicine have undergone mutations and developed resistance to these drugs.
Therefore continuous searching of new drugs that helps to overcome this emerging resistance

is necessary.



Since many people in Ethiopia use V. amygdalina against various disease, this study may
provide scientific evidences to support many of the claimed health benefits of this plant. The

study made on chemical constituents may help to arrive at new natural products.

The strong antioxidant activity displayed by the extract may be used as a source of natural
antioxidant. The study may also provide information for the researchers who want to continue

a related study on other related medicinal plant.

1.5. Objectives of the Study

1.5.1. General objective

The main objective of this study is to conduct phytochemical, antibacterial and antioxidant

studies of the flower extracts of V. amygdalina

1.5.2. Specific objectives

v To successively extract the flowers of V. amygdalina with chloroform and acetone.

v To isolate compounds from the crude extracts of the flowers of V. amygdalina using
column chromatography and PTLC.

v To evaluate the antibacterial activities of the crude and pure constituents of the
flower extracts of V. amygdalina by Disk diffusion method

v" To investigate the radical scavenging activities of extracts and pure constituents of
the flowers of V. amygdalina by DPPH method.

v To elucidate the structures of the isolated compounds employing spectroscopic

methods including UV-Vis, IR and NMR.



2. LITTERATURE REVIEW

2.1. The family of Asteraceae

The flowering plants (Angiospermae) are the most wide spread group of land plants. It
comprises of about 445 families, 12,000 genera and 300,000 species [19-20]. Asteraceae,
probably the largest family of flowering plants, consists of 1,620 genera and more than
23,600 species, growing from sea-level to the highest mountain peak [21]. It is distributed in
all continents including North America, Eastern Brazil, Australia, Southern Africa, the
Mediterranean region, Central Asia, and South Western China [22]. But it does not grow in
Antarctica. The majority of Asteraceae species are herbaceous, yet an important component
of the family is constituted by shrubs or even trees occurring primarily in the tropical regions

of North and South America, Africa and Madagascar [23].

2.2. The genus Vernonia

Vernonia is one of the largest genera in the Asteraceae family [24], consisting of more than
1,000 species distributed in the tropical and sub-tropical region of Africa, Asia and America.
It has two major centres of origin, South America and tropical Africa, with approximately
five hundred species found in Africa and Asia, three hundred in Mexico, Central and South
America [25]. Most of the Vernonia species grow in various habitats, forest margins, acacia
wood lands, etc, and some of the species grow well in areas that receive little annual rainfall,
as low as about 200 mm [26]. They are found distributed in areas with altitude range from
1,600 m to 3,000 m above sea level [27]. Of the 500 species from Africa, about 49 species are
grown in Ethiopia [27].

Some of the species in the genus Vernonia used in ethnomedicine include Vernonia
amygdalina, Vernonia condensata, Vernonia cineria, Vernonia guineensis and Vernonia
conferta. Vernonia amygdalina and Vernonia colorata are eaten as leafy vegetables and
Vernonia galamensis is used industrially for its seed oil contents [28]. Different species of the
genus Vernonia have wide variety of uses. Some of the species are used as medicinal plants
[29], some are used as fire wood and others are potential sources of chemicals of industrial

importance [30].



2.2.1. Biological activities of the genus Vernonia

In traditional medicine, many Vernonia species are employed to treat various diseases. The
use of many Vernonia species for treatment of illnesses is recorded from Tanzania, Nigeria,
China and Ethiopia [31-33]. Vernonia species are used in the treatment of infectious and
parasitic diseases. The majority of these plants are used as vegetables. The vegetables have a
bitter taste, hence the name “the bitter was given to the genus Vernonia” [34]. Amongst the
different Vernonia species, Vernonia amygdalina, Vernonia cinerea, Vernonia colorata,
Vernonia guineensis and Vernonia kotschyana are the top five most frequently used species
for the treatment of various ailments [28]. So lot of attention has been paid to Vernonia
species due to their diverse biological activities, particularly in bactericidal, hepatoprotective,
and antitumor application. From the pharmacological point of view, species have been
investigated revealing many properties, such as antiplasmodial [35], analgesic [36], anti-
inflammatory [37], antimicrobial [38], antidiabetes [39], antioxidant [40] and antitumor [41].
Reference has also been made to the effect that the biological activity of several Vernonia
species could be attributed to the presence of flavonoids in the plants especially their

antioxidant activities [42-43].

2.2.2. Phytochemistry of the genus Vernonia

The biological activities displayed by many species in the genus has prompted phytochemists
to investigate the phytochemical constituents of the Vernonia plants, which has led to the
identification of many bioactive compounds including alkaloids, flavonoids and terpenoids. A
relatively small number of species of the Vernonia genus have been reported to contain
alkaloids. Qualitative phytochemical studies have led to the identification of alkaloids in
Vernonia ambigua [34], Vernonia amygdalina [44-46], Vernonia blumeoides [34], Vernonia
cinerea [47], Vernonia colorata [48)], Vernonia condensata [49], Vernonia kotschyana [50],

Vernonia oocephala [34] and Vernonia patula [51].

Flavonoids are among the major classes of compounds encountered in the Vernonia genus
[52]. Most of the flavones and phenolic compounds have been isolated from Vernonia
amygdalina and Vernonia cinerascens and have exhibited potent antioxidant as well as urease

inhibitory activity [53-54].



Members of the genus Vernonia are an excellent source of sesquiterpene lactones which

include vernolide (1), vernolepin (2), vernodalin (3) and hydroxyl vernolide (4) [55-58],

glaucolide (5) and hirsutinolide (6) [59], 8-desacylvernolide (7), vernomenin (8) and 11,13-
dihydrovernodalin (9) [60] (Figure 1 and 2).

Figure 2: Elemanolide sesquiterpene lactones reported from V. lasiopus (7-9)



2.3. Vernonia amygdalina

Vernonia amygdalina Del. is a soft woody shrub or tree belonging to the family Asteraceae
and genus Vernonia. It is a perennial plant characterized by its bitter sap from the leaf which
has been widely explored for its medicinal use. This plant grows to 10 m tall with petiole leaf
of about 6 mm in diameter (Picture 1), and elliptic in shape [61]. It is known by different
names by different people across the West and Central African regions as bitter leaf
(English), Buzut, Giraw, Grawa, Ibicha (Ethiopia), Ated nkol, Suwaaka (Cameroon), Etidod,
Ewuro, Ejije, Onugbo, Shiwaka, Olugbo (Nigeria), and Musikavakadzi (Zimbabwe) where it
is commonly grown either as vegetable or hedge [61]. In the Ethiopian highland, V.
amygdalina has been classified by the farmer as a multipurpose fodder tree with high biomass
yield, easy propagation, high adaptability and high compatibility with other crops which do
not compete with them for soil nutrients or moisture but instead help to improve the soil
fertility and growth of perennial crops [62]. V. amygdalina is quite commonly used in

Ethiopia in the preparation of local beer (TELLA in Amharic) and also as fumigant.

2.3.1. Botanical Classification

According to the international classification code of botanical nomenclature the present

taxonomic position of Vernonia amygdalina herb scientifically classified as follows:
Kingdom: plantae

Division: Angiosperms

Order: Asterales

Family: Asteraceae

Genius: Vernonia

Species: V. amygdalina

Botanical Name: Vernonia amygdalina

The leaves are succulent and corolla purple or turquoise. Plants annual with the roots not
surviving beyond the life span of the aerial stems. Plants perennial with thick root stocks,
shrubs or small trees. Outer and middle phyllaries appendaged; appendages usually dark

green, narrowly lanceolate and often refluxed; corolla 13-18 mm long.



Picture 1: Aerial part of Vernonia amygdalina from Wonji on February 12, 2017( by Abere
Habtamu)

2.3.2. Reported Biological Activities

Traditionally the leaves of this plant are used to expel placenta after birth, aid post-partum
uterine contraction, induce lactation and control post-partum haemorrhage [63]. Many
herbalists and native doctors in Africa recommend its aqueous extracts for their patients as
treatment for varieties of ailments ranging from emesis, nausea, diabetes, loss of appetite,
dysentery and other gastrointestinal tract problems to sexually transmitted diseases and
diabetes mellitus among others [64]. The leaves are used as green leafy vegetable and may be
consumed either as a vegetable (leaves are macerated in soups) or aqueous extracts used as
tonics for the treatment of various illnesses [65]. In the wild, chimpanzees have been

observed to ingest the leaves when suffering from parasitic infections [66-68].

Many experimental studies of V. amygdalina, have reported that this plant possesses
antibacterial activity. [69] showed that this plant has mild antimicrobial effect on rumen
bacteria and protozoa while [70] proved that acetone extract of V. amygdalina possesses
antibacterial activity towards Bacillus cereus, Bacillus pumilus, Bacillus subtilis,
Micrococcus  kristinae, Staphylococcus aureus, Enterobacter cloacae and Escherichia

coli growth with minimum inhibition concentration (MIC) of 5 mg/mL.



Although, [71] concluded that V. amygdalina was more sensitive towards the gram
positive bacteria than gram negative bacteria; some researchers found that the activity
of V. amygdalina against gram-negative bacteria was comparable to that towards the

gram-positive species.

The antibacterial property of V. amygdalina was proved to be beneficial in a few applications.
For example, it was proposed that this plant is suitable for use in beer industry [72], since
it inhibit the growth of Bacillus circulans, Aerococcus viridans, Clostridium perfringens
and Micrococcus spp. bacteria but promote alcohol production of brewer’s yeast. while [73]
claimed that the antibacterial activity of its Ethanolic leaf extract against C. sporogenes was
able to revert the blood, protein and bilirubin urinary to basal level and increase neutrophil
and white blood cell count as well as packed cell volume (PCV) in blood, thereby

reducing haemolysis caused by infection.

Besides, this plant has also been suggested for use as chewing stick to maintain oral health
by dislodging carcinogenic micro-organisms [74], in line with the traditional use of this
plant for mouth cleaning. Saliva extracted from V. amygdalina chewing stick can maintain
oral cleanliness by contributing to gum healing, agalgesia, antisickling, haemostasis and
antimicrobial activity and plaque inhibiting effect. This was supported by the finding that
cold aqueous extract of V. amygdalina whole stem, bark and pulp extract showed
bactericidal activity against the oral anaerobic bacteria: Bacteroides gingivalis, B.

asaccharolyticus, B. melaninogenicus and B. oralis [75].

The water extract of V. amygdalina leaves inhibit the growth of Fusarium moniliforme on
seeds of maize (Zea Mays) as well as mycelial and conidial growths of Colletotrichum
gloeosporioides in rubber tree [76-78]. Cold water extract of stem bark and root bark
(but not leaves) was able to inhibit Colletotrichum capsici (Synd) isolated from pepper
[79]. On the other hand, the juice of V. amygdalina showed stronger effect than its cold
water extract where its juice could more -effectively inhibited seed borne fungi (F.
moniliforme, Botryodiplodia theobromae, Aspergillus niger and Aspergillus flavus) in

vitro and in vivo [80].
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2.3.3. Reported Chemical Constituents

Several investigators have isolated and characterized a number of chemical constituents of
the compounds with potent biological activities from the leaves of Vernonia amygdalina.
Some of the constituents in which previously isolated from Vernonia amygdalina plant
include: steroid glucoside and Sesquiterpene lactones. The plant has bitter taste accounted to
the presence of anti-nutritional factors such as alkaloids, saponins, tannins, and glycosides

[81].

Steroid glycosides are one of the most naturally occurring plant phytoconstituents that have
found therapeutic applications as arrow poisons or cardiac drugs [82]. One of the major
steroid glucoside compounds that have been identified from V. amygdalina is the
vernoniosides including: vernonioside A1 (10), vernonioside A2 (11), vernonioside B1 (12)
and vernonioside B2 (13) (Figure 3). These glucoside compounds can be isolated from

the leaf, stem and root parts of the plant [83-84].

HOH,C
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Figure 3: Steroid glucosides reported from the leaves of V. amygdalina (10-13)

The sesquiterpene acts as irritants when applied externally and when consumed internally.
Their action resembles that of gastrointestinal tract irritant. A number of sesquiterpene
lactones phytoconstituents have been isolated from V. amygdalina and those have been broad
antimicrobial (particularly antiprotozoal) and neurotoxic action. Some of the bioactive
sesquiterpene lactone compounds (Figure 4) that have been isolated from V. amygdalina
includes; vernodalin (3), vernolepin (2), vernomygdin (14), vernodalol (15) and

vernodalinol (16) [85-88].

16

Figure 4: Sesquiterpene lactones reported from the leaves of V. amygdalina (14-16)
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3. MATERIALS AND METHODS

3.1. Experimental sites

The solvent extraction of the V. amygdalina plant was done at Wonji/Shoa sugar factory
Research Center. Phytochemical screening test, column chromatographic separation and
antioxidant activity assay were done at PG laboratory of the Program of Applied Chemistry
of Adama Science and Technology University. Whereas NMR, IR and UV-Vis were
generated at Addis Ababa University Department of Chemistry research laboratory.
Antibacterial activity tests were done at Oromia Public Health Research, Capacity Building

and Quality Assurance Laboratory Centre.

3.2. Instruments and Apparatus

The instruments and other materials that used in this study were: mill grinder (Retsch GmbH,
Rheinische straBe 36, 42781 Haan, Germany), Analytical thin layer chromatograms were run
on a readymade 0.2 mm thick layer of silica gel GF254 (Merck) coated on aluminium plate.
Column chromatography was performed using silica gel (230-400 mesh) Merck. 'H, "C
DEPT-135, HH-COSY, HSQC and HMBC spectra were recorded on a Bruker Avance 400
spectrometer operating at 400 MHz. Infrared (IR) spectra were obtained on Perkin-Elmer
65FT ((IR Vimax KBr (4000-400) cm'1) infrared spectrometer using KBr pellets and UV-Vis
Spectrophotometer (SAYANO, SP 65, GALANAKAMP, U.K, and PERKIN ELMER, NIR
LAMBDA, 950).

3.3. Chemicals and Reagents

The list of chemicals that used in this study were: chloroform (99.4% GC grade Mumbai,
India), Acetone (>99% GC grade Mumbai, India), Methanol (99.99% GC grade, United
Kingdom), Hexane (99% Ranchem industry and trading) , Ethanol (100% GC grade Mumbai,
India), Ethyl acetate (98% UNI-CHEM chemical reagents), Vanillin, Sulphuric acid ,
Hydrochloric acid, Potassium hydroxide (85% Mumbai, India), acetic anhydrous (British
drug house Itd., UK), ferric chloride (British drug house Itd., England), Potassium iodide,

Iodine, Distilled water, DPPH and magnesium ribbon.
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3.4. Experimental Methods

3.4.1. Collection of the plant material

The flowers of V. amygdalina were collected on February 12, 2017 from Wonji district,
which is located at 107 km Southeast of Addis Ababa, Ethiopia. It was dried in an open air to
protect from direct exposure to sun light at the laboratory of Wonji/shoa sugar factory

Research Center.

3.4.2. Extraction

The whole air dried powdered flowers of V. amygdalina (500 g) were extracted with
chloroform (2 L) for 24 hours at room temperature with frequent agitation on the automatic
agitator. It was filtered and concentrated to furnish 8.9 g (1.78%). The marc was extracted
with acetone (2 L) for 24 hours at room temperature with frequent agitation on the automatic
agitator, filtered and concentrated to give 9.4 g (1.91%). The outline of the extraction

procedure was shown in Scheme 1.
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Powdered flowers (500 g) of V. amygdalina

A 4 A 4

Chloroform extract (8.9 g) Marc
’ CcC . VAC-F1 Acetone (2 L), 24 hrs,
22 fractions [ lfractlon ~ (22mg) filtered and concentrated
TLC
A 4
Fraction 16 (single spot) v v
Acetone extract Marc
(9.4)
A 4
VAC-F16 (77 mg) cC
A 4
25 fractions
\ 4
NMR, UV, IR TLC
A 4

Fraction 16-17 (single spot)

A\ 4
VAA-F16-17 (70 mg)

A 4

NMR, UV, IR

Scheme 1: Successive extractions of the flowers of V. amygdalina

v Chloroform (2 L), 24 hrs, filtered and concentrated
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3.5. Phytochemical screening tests of the flower extracts of V. amygdalina

The preliminary phytochemical screening for the crude extracts of the flowers of V.
amygdalina was carried according to standard methods [89-90] to analyze the presence of
secondary phytochemical metabolites including alkaloids, cardiac glycosides, flavonoids,

phenols, quinones, saponins, steroids, tannins and terpenoids.

3.5.1. Test of alkaloids

Wagner's test: A fraction of extract was treated with 3-5 drops of Wagner’s reagent [1.27 g
of iodine and 2 g of potassium iodide in 100 mL of water] and observed for the formation of

reddish brown precipitate (or coloration) [89].

3.5.2. Test of cardiac glycosides

Kellar-Kiliani test: 2 mL of each extract was treated with 1 mL of glacial acetic acid in a
test tube and a drop of ferric chloride solution was added to it. This was carefully underlayed
with 1mL concentrated sulphuric acid. A brown ring at the interface indicated the presence of
deoxysugar characteristic of cardenolides. A violet ring may appear below the ring while in

the acetic acid layer, a greenish ring may form [89].

3.5.3. Test of flavonoids

Shinoda test: Four pieces of magnesium fillings (ribbon) are added to the extract in the
beaker followed by few drops of concentrated hydrochloric acid. A pink or red color
indicates the presence of flavonoids. Colours varying from orange to red indicate flavones,

red to crimson indicates flavonoids and crimson to magenta indicates flavonones [90].

3.5.4. Test of phenols

Ferric chloride test: A fraction of the extracts was treated with aqueous 5% ferric chloride

and observed for formation of deep blue or black color [89].

3.5.5. Test of quinones

A small amount of extract was treated with concentrated HCI and observed for the formation

of yellow precipitate (or coloration) [89].
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3.5.6. Test of saponins

Foam test: To 2 mL of extract was added 6 mL of water in a test tube. The mixture was
shaken vigorously and observed for the formation of persistent foam that confirms the

presence of saponins [89].

3.5.7. Test of steroids

Salkowski test: Treat extract in chloroform with few drops of conc. sulfuric acid, shake well
and allow standing for some time, red color appears at the lower layer indicates the presence

of Steroids.

3.5.8. Test of tannins

Potassium hydroxide test: In to 10 mL of freshly prepared 10% potassium hydroxide
(KOH) in a beaker, add 0.5 gm of extract and shake to dissolve. A dirty precipitate is

observed which indicates the presence of tannin.

3.5.9. Test of terpenoids

Salkowski test: 1 mL of chloroform was added to 2 mL of each extract followed by a few
drops of concentrated sulphuric acid. A reddish brown precipitate produced immediately

indicated the presence of terpenoids.
3.6. Isolation of compounds from the crude extracts of the flowers of V.

amygdalina

The chloroform and acetone crude extracts of flower of V. amygdalina were fractionated

using column chromatographic techniques over silica gel.

3.6. 1. Isolation of compounds from the chloroform extract

The chloroform extract of V. amygdalina (4.5 g) was first adsorbed in an equal amount of
silica gel and eluted with hexane: ethyl acetate: methanol of increasing polarities to furnish

14 combined fractions (Table 1). A volume of 100 mL each was collected.
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Table 1: Column chromatographic fractionation of the chloroform extracts of the flowers V.

amygdalina.
Fractions Eluent Ratio of solvents Amount Remark
obtained
(mg)
VAC-F1 n-hexane: 1:0 22 No spot
EtOAc
VAC-F2-6 . 9:1 709 2 spots
VAC-F7-9 ’ 4:1 and 7:3 438 Impure
VAC-F10 ’ 3:2 179 Impure
VAC-F11 ’ 1:1 120 2 spots
VAC-F12 : 2:3 134 One black spot
VAC-F13 ’ 3.7 100 2 spots
VAC-F14 ’s 1:4 41 Impure
VAC-F15 . 1:4 43 Impure
VAC-F16 “ 1:9 77 Single spot
VAC-F17 . 0:100 319 Impure
VAC-F18 ’s 0:100 45 Impure
VAC-F19-21 EtOAc: MeOH 9:1up to 7:3 53 Impure
VAC-F22 “ 6:4 52 Single
Where;

Impure= having more than 3 spot on TLC

All fractions after silica gel column chromatography were analyzed with TLC. Two fractions,

VAC-F1 and VAC-F16, were found to be pure samples.

3.6.2. Isolation of compounds from the acetone extract

Acetone extract of the flower of V. amygdalina (5 g) was adsorbed and fractionated over
silica gel (180 g) column chromatography. Gradient elution was done using chloroform:
methanol (Table 2) to furnish 15 combined fractions. A volume of 100 mL each was

collected.
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Table 2: Column chromatographic fractionation of the acetone extracts of the flowers of V.

amygdalina
Fractions Eluent (Ratio) Amount in mg Remark
VAA-F1-2 CHCl; 265 Impure
VAA-F3-4 CHCl; 82 2 spot
VAA-F5-9 CHCl; 87 3 spot
VAA-F10 CHCl; 111 Impure
VAA-F11 CHCI3:MeOH (95:5) 156 Impure
VAA-F12 CHCI3:MeOH (9:1) 127 Impure
VAA-F13 CHCI3:MeOH (9:1) 328 Impure
VAA-F14-15  CHCI3:MeOH (9:1) 261 2 spot
VAA-F16-17 CHCI;:MeOH (85:15) 70 pure and single
VAA-F18 CHCI3:MeOH (4:1) 130 Impure
VAA-F19-20 CHCI35:MeOH (7:3) 185 Impure
VAA-F21 CHCI3:MeOH (3:2) 126 Impure
VAA-F22 CHCI3:MeOH (1:1) 100 Seems to pure
VAA-F23-24  CHCl3:MeOH (9:11) 199 Impure
VAA-F25 CHCI3:MeOH (2:3) 191 Impure

After TLC analysis, VAA-F16-17 displayed a single spot on TLC and hence subjected to

spectroscopic methods for determination of its structure.

VAA-F22 obtained from the column chromatographic fractionation of the acetone extract

was adsorbed and subjected to silica gel for further purification. The column was eluted with

ethyl acetate: methanol to furnish five sub-fractions each 100 mL (Table 3).
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Table 3: Fractionation of VAA-F22 of the acetone extract of the flowers of V. amygdalina

Fraction Eluent (Ratio) Fractions Remark
1 EtOAc VAA-F22-1 2 spot
2 " VAA-F22-2 2 spot
3 EtOAc: MeOH (95:5) VAA-F22-3 Pure
4 EtOAc: MeOH (9:1) VAA-F22-4 Pure
5 EtOAc: MeOH (9:1) VAA-F22-5 Pure

3.7 Biological activities of the extracts and isolated compounds of V.

amygdalina

3.7.1. Antioxidant activity

DPPH is the simplest and most widely reported method for screening antioxidant activity in
foods and many plant extracts [91-92]. In this work, the DPPH assay was done according to
the following procedure [93]: the Chloroform extract was dissolved in methanol to afford
Img/mL. It was serially diluted in methanol to give concentration of 500, 250, 125 and 62.5
pg/mL. To 1 mL of each concentration, 4 mL DPPH (0.04%DPPH in MeOH) was added
which brings the concentration to 100, 50, 25 and 12.5 ug/mL. This was repeated for the
acetone extract and pure constituents. Then all the samples prepared were incubated in an
oven at 37°C for 30 min. and then absorbance was recorded at 517 nm using UV-Vis

spectrometer.
The percentage inhibition was calculated using the formula,
% Inhibition = (A control — A extract) /A control X 100.

Where Acontro1 1S the absorbance of DPPH solution and A exiract 1S the absorbance of the test

sample (DPPH solution plus sample).
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3.7.2. Antibacterial activities

The antibacterial activities of the extracts and constituents of the flower extracts of V.
amygdalina were checked against five bacterial pathogens, three gram negative (Escherichia
coli, Klebsiella pneumoniae and Proteus mirabilis) and two gram positive (Staphylococcus
aureus and bacillus). Bacterial cultures were maintained on nutrient Muller- Hinton agar at

37°C and the cultures were kept in appropriate media slants and stored at 4°C until used.

The antibacterial activities were tested by the disc-diffusion agar method, which is a test of
the antibiotic sensitivity of bacteria and it uses the antibiotic discs to test the extent to which
bacteria are affected by those antibiotics [94]. 24 hour old culture of 2 to 3 colonies of
bacteria was diluted by physiological normal saline (0.85%), to make a 0.1 mackferland
standard suspension and then the bacteria inoculated into sterile Petri- dishes of 60 mL of
Muller Hinton agar plates. The plates were shaken gently to allow evenly mixing of bacteria
cells and agar. Chloroform extract (200 mg) and VAC-F16 (20 mg) was dissolved in 20 mL
and 2 mL of methanol, respectively, to obtain each 10 mg/mL. This was repeated for the
acetone extract and VAA-F16-17 to give each 10 mg/mL. From each sample, 200 pL of each
concentration saturated with discs (6.00 mm diameter disc) was placed on plate and incubated
at 37 C for 24 hours. The diameters of the inhibition zones were calculated. Clear inhibition

zones formed around the discs indicated the presence of antibacterial activity [94].
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4. RESULTS AND DISCUSSION

4.1. General overview

In this section, yield of the crude extract, phytochemical screening, antioxidant activities and
antimicrobial activities on extracts of the flowers of V. amygdalina are discussed. Also
incorporated herein is the isolation and structure elucidation compounds isolated (VAC-F1,

VAC-F16 and VAA-F16-17) from the flower extract of same species.

4.2. Percentage yield of the crude extracts

The crude extraction yield is a measure of the solvent efficiency to extract specific
components from the original material of the flowers of V. amygdalina. It can be calculated

according to the method as follows [95].

Weight of crude extract x 100%

% Yield =
Weight of sample

The plant material was extracted with chloroform and acetone to furnish 1.78 and 1.91%,

respectively.

4.3. Phytochemical Screening of crude extracts of V. amygdalina

The CHCI; and acetone extracts of the flowers of V. amygdalina were analyzed for the
presence of secondary metabolites. The results revealed the presence of chemical constituents

shown in Table 4.
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Table 4: Phytochemical screening results of chloroform and acetone extracts of flowers of V.

amygdalina
Constituents Tests/Reagents Chloroform extract  Acetone extract
Alkaloids Wagner's +ve +ve
Cardiac glycosides Kellar-Kiliani -ve -ve
Flavonoids Shinoda -ve +ve
Phenols Ferric chloride -ve +ve
Quinones Hydrochloric acid +ve +ve
Saponins Foam +ve +ve
Steroids Salkowski +ve +ve
Tannins Potassium hydroxide +ve -ve
Terpenoids Salkowski +ve +ve
Key:

-ve = The absence of phytochemical constituents.

+ve = The presence of phytochemical constituents

As we observed in Table 4, the acetone extract was found to have flavonoids and phenols.
But these metabolites were not detected in the chloroform extract of the flower of V.
amygdalina. The presence of these secondary metabolites can be taken as good attributes of
this plant as they can be used as antioxidant. Many literature reports showed that terpenoids
are used against diseases causing bacteria. Hence the presence of terpenoids in the flowers of

both extract may justify the use of this plant against pathogens causing microbial diseases.

4.4 Antioxidant activity

DPPH radical scavenging assay is a simple method for finding antioxidants by measuring
absorbance at 517 nm due to the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical.
Antioxidant, or free radical scavenging, activities of the crude extracts as well as isolated
pure compounds from the respective extracts of the flowers of V. amygdalina were

determined using DPPH radical scavenging assay. The results are displayed in Table 5.
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The percent radical scavenging activity of the chloroform and acetone extracts of the flowers
of V. amygdalina were 54.1 and 91.46% at 100 ug/mL, respectively. At the same
concentration standard ascorbic acid scavenged the DPPH radical by 97.7%. It means that
the acetone extract of plant at higher concentration have the ability to capture free radicals.
The absorbance of 0.04% DPPH in MeOH was 0.597. The radical scavenging activity of

ascorbic acid used as positive control was 97% at 100 pg/mL.

Table 5: Radical scavenging activities of the extracts and constituents of flowers of V.
amygdalina.
Chloroform extract Acetone extract  Constituents isolated from the extracts

VAA-F16-17 VAC-F16

Concentratio %DPPH  %DPPH inhibition %DPPH inhibition = %DPPH inhibition
n ug/mL inhibition

12.5 32.8 69.0 76.5 24
25 37.1 74.5 84 31
50 43.0 83.0 88 37
100 54.1 91.6 94 49

The ICsy value for chloroform extract, acetone extract VAA-F16-17 and VAA-F16 were
calculated and turned to be 81.55, 71.16, 153.15 and 101.63, respectively.

As clearly seen from Table 5, the acetone extract of the plant showed a higher radical
scavenging activity compared with the chloroform extract. This indicates that the
phytochemical constituents responsible for the radical scavenging activities of the flower
extract of V. amygdalina reside in the acetone extract. The active ingredient responsible for
the radical scavenging activity of the acetone extract is likely due to the presence of VAA-
F16-17. This compound which inhibits the radical by 94% at 100 pg/mL was identified as
isorhamnetin (VAA-F16-17) which contains phenolics hydroxyl groups. The presence of
phenolic hydroxyl groups are of paramount importance in determining the radical scavenging

ability of extracts or constituents of plants.
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4.5. Antibacterial activities

Antibacterial activity was performed with the aim of identifying the zone of inhibition at
which the chloroform and acetone extract of V. amygdalina flowers as well as the isolated
compounds; vernodaline (VAC-F16) and isorhamnetin (VAA-F16-17) were active against
the selected bacterial strains. The zone of inhibition was then identified for the bacterial
strains that exhibited reasonable activity performed on the prepared concentrations of the
extracts and isolated compounds. The inhibitory effects of V. amygdalina extracts and
isolated compounds were determined against gram negative bacteria's (E. coli, K
pneumoniae and P. mirabilis) and gram positive (S. aureus and bacillus) bacteria's. The

results of zone of inhibition in diameter against tested pathogens are demonstrated (Picture

2) and presented in Table 6.
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Picture 2: Antibacterial activities of the flower of V. amygdalina

Where; A=E. coli, B= K. pneumoniae, C= P. mirabilis, D= S. aureus and E= S. Bacillus

1, 2, 3, 4 and 5 did not belong to this plant while 6=Chloroform extract, 7=acetone extract,
8=VAC-F16 and 9=VAA-F16-17.

The extracts and isolated compounds demonstrated significant difference in antibacterial
activity against all selected bacteria's with zone of inhibition ranging from 6-21 mm. V.
amygdalina flowers of acetone extract and both isolated compounds demonstrated moderate
antibacterial activity (>9 mm) against all bacterial. This value likely to be acceptable
compared with Chloramphenicol and Gentamicin standard antibiotics applied against the
same antibacterial strain. In contrast, chloroform extract of flowers of V. amygdalina did not
show any activity against almost all bacterial strains except S. aureus, compared with

Chloramphenicol and Gentamicin .
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Table 6: Inhibition zone diameter of chloroform extract, acetone extract, vernolide and

isorhamnetin, antibiotics and distilled water at 0.2 mg/mL

Control for

Extract/control each bacterial Zone of inhibition (mm)
strain and
standard (mm) E. coli K P. S. S.
pneumoniae mirabilis aureus bacillus
Chloroform 6 6 6 6 21 6
extract

Acetone extract 6 10 12 11 17 12
Vernolide 6 10 12 6 19 12
Isorhamnetin 6 10 14 12 11 9
Chloramphenicol 6 18 18 18 18 18
Gentamicin 6 15 15 15 15 15
Distilled water 6 0 0 0 0 0

The chloroform extract, acetone extract and vernolide displayed strong antibacterial activity

against S. aureus. The result is significant compared with the positive control corroborating

the traditional use of other part of this plant by the community.
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4.6. Structural elucidation of isolated compounds from the chloroform

extract

The chloroform extract of the flowers of V. amygdalina after silica gel column
chromatography has led to the isolation of VAC-F1 and VAC-F16. Herein is the

characterization of these compounds.

4.6.1. Characterization of compound VAC-F1

Compound VAC-F1 (22 mg) was obtained as a white power from the CHCI; extract of the
flower of V. amygdalina. Spot was visualized neither after spaying in vanillin nor after
dipping in iodine. The "H-NMR spectrum (Appendix 1) of VAC-F1 exhibited signal at 5 0.9
(6H, ?) accounted to the presence of terminal methyl group. A broad singlet observed at ¢
1.28 (42H, br. s) is characteristic of many overlapping methylene protons. The proton
decoupled “C-NMR spectrum of VAC-F1 (Appendix 2) with the aid of DEPT-135
(Appendix 3) suggested the presence of five carbon resonances of which four peaks are due
to methylene and one peak is described to methyl group. The carbon signal at § 14.1 is
evident for the presence of terminal methyl group. The other carbon resonances appearing at
0 22.7,29.7, 29.4 and 31.9 were accounted to the presence of methylene groups in the
compound. The NMR spectral data generated showed that compound VAC-F1 is proposed as

tricosane whose structure is shown in Figure 5
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Figure 5: Chemical structure of tricosane (VAC-F1)
The "H and *C-NMR spectral data of compound VAC-F1 was presented in Table 7.
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Table 7: 'H and *C-NMR spectral data of VAC-F1

NMR spectral data of compound VAC-F1

'H-NMR, 6 PC-NMR, ¢ Remark
0.9 (6H, 7) 14.1 2-CH3
1.28 (42H, bro s) 22.7 2-CH2
29.4 2-CH2

29.7 15-CH2
31.9 2-CH2

4.6.2. Characterization of compound VAC-F16

Compound VAC-F16 (77 mg) was obtained as yellow solid from the chloroform extract of
the flower of V. amygdalina. 1t was eluted with hexane: ethyl acetate (1:9). The TLC (hexane:
EtOAc, 3:2) showed deep yellow spot, which was visualized after dipping in iodine vapor
followed by heating in an oven. UV-Vis spectrum (Appendix 4) showed absorption band at
320 nm indicating the presence of n—a* transition of the carbonyl group. The FT-IR
(Appendix 5) spectral data of compound VAC-F16 displayed absorption band at § 3383 cm’
indicating the presence of OH stretching. The absorption band at 6 2929 cm™ was suggestive
of aliphatic SP?> C-H stretching frequencies. The strong absorption band at § 1772 cm™ is
indicative of the carbonyl functional group of the exomethylene J -lactone group. Also the
observed band at 6 1723 cm™ is evident for the presence of carbonyl functional group of the
acyl group. The weak absorption band around 1625 cm™ is due to presence of C=C double
bond stretch.

The 'H-NMR spectral data of compound VAC-F16 (Appendix 6) showed the presence of
exomethylene J-lactone at 6 6.3 (1H, 4, Ha-13) and J 5.9 (1H, d, Hb-13). The other
diastereotopic methylene protons were observed at ¢ 6.1 (1H, d, Ha-19) and 5.7 (1H, d, Hb-
19). Another olefinic methine proton is evident at 6 5.5 (1H, d, H-5). The signal at 6 5.2 (1H,
t, H-6) is due to methine proton on oxygenated carbon. An oxygenated methylene proton at &
4.6 and 3.7 (2H, d, H-15) is due to methylene protons. The signal at J 4.5 (1H, H-14)

indicated that the presence of methine proton on carbon bearing two oxygen.
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Moreover, the spectral data of this compound showed one methyl group on quaternary carbon

at 0 1.9 (3H, s, H-18). The remaining signals are shown in Table 8.

The "H-NMR spectral data compound VAC-F16 was compared with literature reported for

vernolide and the results was presented in Table 8.

The C-NMR spectrum of VAC-F16 (Appendix 6) revealed that there are 19 carbon signals,
which were sorted by DEPT-135 experiment (Appendix 7) as one methyl at 6 18.3 (C-18),
six methylene, six methine, six quaternary and two carbonyl carbons (Table 8). The signal at
0 126.1 and 127.2 is due to the exomethelene carbons at C-13 and C-19, respectively. The
signal at 0 128.7 (C-5) is confirmation of a carbon attached to the carbon of the olefinic and
the signal at 6 99.2 (C-14) is assigned to the carbon boded to two oxygen. The signal at ¢
58.9 (C-10) is due to the tertiary carbon directly attached to the two methine, one methylene
and oxygen and in addition to this the signal at 6 169.5 (C-11) and 6 167.1 (C-16) are
indicative as the presence of two ester carbonyl groups. The spectral data generated for VAC-
F16 is in good agreement with that of vernolide and the other NMR spectral data are depicted
in Table 8.

30



Table 8:'H and *C-NMR spectral data of VAC-F16 and literature reported for vernolide

NMR spectral data of compound VAC-F16 Lit. reported for vernolide [96]
Position "“C-NMR "H-NMR BC-NMR "H-NMR
1 66.3 2.7 (1H, dd) 2.7(1H, dd)
2 22.8 1.7 and 2.3 (1H, m) 22.7 1.4 and 2.3(1H, m)
3 334 2.4 (2H, m) 334 2.4 (2H, m)
4 143.7 143.7
5 128.7 5.5(1H, d) 128.6 5.5 (1H, d)
6 77.5 5.2 (1H, %) 77.4 52 (1H, %)
7 51.8 3.0 (1H, m) 51.9 3.0 (1H, m)
8 70.7 5.74 (1H, a) 70.7 5.74 (1H, a)
9 41.2 1.4 (1H, dd) and 2.6(1H, d) 41.2 1.4 (1H, dd) and 2.6(1H, d)
10 58.9 58.8
11 169.5 169.4
12 134.9 134.8
13 126.1 59and 6.3 (1H, d) 126.1 5.9and 6.3 (1H, d)
14 99.2 4.5 (1H, d) 99.2 4.5 (1H, d)
15 64.3 3.6and 4.6 (1H, d) 64.3 3.6 and 4.6 (1H, d)
16 167.1 167.2
17 135.7 135.7
18 18.3 1.9 (3H, s) 18.2 1.9 (3H, s)
19 127.2 5.71 and 6.1(1H, d) 127.2 5.71 and 6.1 (1H, d)
Where;

a 1s Peak obscured

18 19

Figure 6: Chemical structure of vernolide (VAC-F16)
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The structure was confirmed with the COSY(Appendix 9) which showed connectivity
between H-2 with H-3 and H-1; H-7 with H-6; H-6 with H-7 and H-5 and H-8 with H-7.
The HSQC (Appendix 10) spectral data showed as H-1, H-2, H-3, H-5, H-6, H-7, H-8, H-9,
H-13, H-15 and H-18 with C-1, C-2, C-3, C-5, C-6, C-7, C-8, C-9, C-13, C-15 and C-18,

respectively.

Furthermore HMBC (Appendix 11) was also generated to analyze the structure of this
compound. In view of this the proton on H-9 was correlated with C-7, C-10, C-15, C-8 and
C-14; H-15 with C-3, C-14, C-5 and C-4; and H-6 with C-7, C-8 and C-4.

4.7. Structure elucidation of isolated compound from acetone extract

4.7.1. Characterization of compound VAA-F16-17

Compound VAA-F16-17 (70 mg) was isolated from the acetone extract of the flower of V.
amygdalina. 1t was eluted using CHCl;: MeOH (85:15) as eluent and visualized as yellow
spot after spraying with vanillin in H,SO,4. The UV-Vis spectral data (Appendix 12) showed
absorption band at 280 and 310 nm evident for the presence of flavonoids skeleton. The FT-
IR (Appendix 13) spectral analysis showed band at 6 3410 cm-1 indicating that the OH
stretching vibrational frequency and the weak absorption band at 6 3182 cm-1 indicates
aromatic C-H multiple bond. The weak absorption band at 6 2920 cm-1 was suggestive as of
the aliphatic C-H (SP’ hybridization) asymmetrical stretching vibrational frequencies. The
strong absorption band at the ¢ 1648 cm-1 is indicative of the carbonyl carbon (C=0)
functional group and 1610 cm-1 is indicating the presence of C=C double bond stretch.
Analysis of the proton NMR spectrum of compound VAA-F16-17 (Appendix 14) showed
signal at § 12.7 (1H, s) due to chelated hydroxy group which is evident for the presence of 5-
OH. The three aromatic proton signals at ¢ 7.5 (1H, d, J=2.00 Hz, H-2"), 7.6 (1H, dd, J = 8.4
Hz and 2.00 Hz, H-6") and 6.9 (1H, d, J = 8.4 Hz, H-5") are typical of flavonoid with 3°,4’-
disubstituted B-ring.

The other aromatic proton signals at ¢ 6.4 (1H, d, J=2 Hz, H-8) and 6.2 (1H, d, /=2 Hz, H-
6) are apparently due to meta coupled protons on the A-ring of flavonoid. The presence of

one methoxy group is evident at 0 3.8 (3H, s).
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The proton decoupled BC-NMR spectrum (Appendix 15) combined with DEPT-135
(Appendix 16) of compound VAA-F16-17 revealed the presence of only five methine, one
methyl and ten quaternary carbons (Table 10).

The presence of a, f-unsaturated ketone is evident from the appearance of the carbonyl
carbon signal at & 178.3. Other signals in the ?C-NMR spectrum were observed at J 164.5
(C-7), 161.7 (C-9), 156.7 (C-5), 156.0 (C-2), 149.1 (C-4’), 145.6 (C-3’), 138.0 (C-3), 121.2
(C-1"), 121.0 (C-6’), 116.1 (C-57), 115.8 (C-2), 104.6 (C-10), 98.9 (C-6) and 94.0 (C-8). The
carbon resonance at J 60.0 is due to the presence of methoxy group. Based on the above
spectral data, compound VAA-F16-17 was identified as isorhamnetin whose structure is

shown in Figure 7.

Figure 7: Chemical structure of isorhamnetin (VAA-F16-17)

For further confirmation, the NMR spectral data of VAA-F16-17 was compared with the

NMR data reported in the literature for isorhamnetin and the result is presented in Table 10.

The upfeild chemical shift value of C-6 (98.9 ppm) and C-8 (94.0 ppm) is in support of 5, 7-
dioxygenated justification pattern of Ring A.
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Table 9: 'H and "C-NMR spectral data of VAAF16-17 and literature reported for
isorhamnetin (6 in ppm, J in Hz) [97]

NMR spectral data of compound VAAF16-17 Lit. reported for isorhamnetin [97]

Position "C-NMR '"H-NMR BC-NMR "H-NMR

2 156.0 148.6

3 138.0 135.6

4 178.3 175.7

5 156.7 156.0

6 98.9 6.2 (1H,d, J=2 Hz) 98.1 6.2 (1H, d, J=2 Hz)

7 164.5 163.7

8 94.0 6.4 (1H, d, J=2 Hz) 93.5 6.4 (1H,d, J=2 Hz)

9 161.7 160.3

10 104.6 102.9

r 121.2 121.8

2 115.8 7.5 (1H, d, J =2.00 Hz) 111.5 7.7 (1H, d, J =2.00 Hz)

3 145.6 146.4

4 149.1 147.2

5’ 116.1 6.9 (1H, d, J= 8.4 Hz) 115.3 6.9 (1H, d, J= 8.4 Hz)

6’ 121.0 7.6 (1H, dd, J=8.4 Hz 121.6 7.4 (1H, dd, J=8.4 Hz
and 2.00 Hz) and 2.00 Hz)

1" 60 3.8(3H, )
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The spectral data of compound VAA-F16-17 is in agreement with the data reported in the
literature for isorhamnetin [97] whose structure is depicted in Figure 7.

The >C-NMR spectrum of VAA-F16-17 with the aid of DEPT-135 revealed the presence of
minor impurity. Close inspection of the spectrum indicated the presence of fifteen carbon
resonances resonating at ¢ 181.7, 164.4, 161.8, 156.9, 150.1, 146.2, 129.0, 121.5, 119.1,
117.3, 114.2, 103.2, 102.3, 99.1 and 94.2. Among these, the signals observed at J 129.0,
119.1, 117.3, 114.2, 103.2, 99.1 and 94.2 are due to methine carbon signals. The carbon
signal observed at J 181.7 is ascribed to an o, f-unsaturated carbonyl carbon. Whereas the
signal 0 103.2 is attributed to C-3. The presence of five oxygenated aromatic carbon signals is
evident at § 164.4 (C-2), 161.8 (C-9), 156.9 (C-5), 150.1 (C-4") and 146.2 (C-3). In the 'H-
NMR spectrum the signal at 0 13.0 is apparently due to the presence of hydroxyl attached on
C-5. The data likely indicated that the minor peaks observed in the NMR spectra of

compound VAA-F16-17 is ascribed to luteolin whose structure is given in Figure 8.

Figure 8: Chemical structure of luteolin (minor peak of VAA-F16-17)
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The “C-NMR spectral data of the minor signals in the spectrum of VAA-F16-17 was
compared with the literature reported in the literature for luteolin and the result is presented

in Table 11.

Table 10: ?C-NMR spectral data of minor peaks in VAA-F16-17 and literature reported for

luteolin

C-NMR spectral data of minor signals in VAAF16-17 Lit. reported for luteolin [98]

Position “C-NMR BC-NMR
2 164.4 164.0
3 103.2 103.2
4 181.7 181.8
5 156.9 157.6
6 99.1 99.2
7 129.0 164.3
8 94.2 94.7
9 161.8 162.1
10 102.3 103.8
I’ 121.5 119.0
2’ 114.2 113.2
3 146.2 146.0
4 150.1 149.7
5 117.3 116.8
6 119.1 120.8

The spectral data generated herein is in agreement with the NMR data reported in the
literature for luteolin [98].
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary

Vernonia amygdalina is among traditionally used medicinal plants in Ethiopia. In view of its
traditional uses and absence of scientific literature reports, the flowers of this plant were
subjected to systematic phytochemical analysis. The flowers were successively extracted with
CHCI; and acetone to afford 1.78 and 1.91% yellowish crude extract respectively. The
respective crude extracts were subjected to phytochemical screening using standard
procedures. The phytochemical screening test of the chloroform extract of the flower of V.
amygdalina revealed the presence of secondary metabolites including alkaloids, quinines,
saponins, steroids, tannins and terpenoids where as the acetone extract showed the presence

of alkaloids, flavonoids, phenols, quinones, saponins, steroids and terpenoids.

Moreover, the chloroform extract of the flowers of V. amygdalina furnished two compounds
namely tricosane and vernolide. While the acetone extract furnished isorhamnetin and
luteolin. Chemical structures of these compounds were -elucidated using various
spectroscopic methods including IR, UV-Vis and NMR. In some cases the structures were
confirmed by comparing the NMR data of these compounds with the NMR spectral data
reported in the literature for same compound. Further confirmation of the structure of

vernolide was achieved using 2D-NMR (COSY, HSQC and HMBC).

The antioxidant activities of the extracts and constituents were assessed for their radical
scavenging activity using DPPH. The acetone extract and isorhamnetin displayed radical
scavenging activity by 91.6 and 94%, respectively. The result is comparable with ascorbic

acid (97%) used as positive control.

Furthermore the extracts, isorhamnetin and vernolide were also evaluated for their
antibacterial activity against three gram negative (Escherichia coli, Klebsiella pneumoniae
and Proteus mirabilis) and two gram positive (Staphylococcus aureus and S. bacillus)
bacteria. The CHCIl; extract and vernolide showed strong activity against S. aureus with an
inhibition zone of about 21 and 19 mm, respectively. The acetone extract and isorhamnetin
were active against all bacterial pathogens tested in this study. The biological activity
displayed by the extracts and constituents of this plant corroborate the traditional uses of this

plant by the local people against various diseases.
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5.2. Conclusion and Recommendation

Currently, the growing interest of consumers in substances of natural origin in association
with the increasing concern surrounding potentially harmful infections and disease has
directed to a rising interest in the use of plant extracts as functional ingredients in many

pharmaceutical products.

The presence of secondary metabolites such as alkaloids, quinones, saponins, steroids,
tannins, terpenoids, flavonoids and phenols can be taken as a scientific justification of the use
of this plant in the traditional system for the treatment of various ailments. The CHCI; and
acetone extracts of the flowers after silica gel column chromatography has led to the isolation

of tricosane, vernolide, luteolin and isorhamnetin.

The high antioxidant activity displayed by the acetone extract and isorhamnetin is a good

attributes of the plant to be used as a natural antioxidant.

The extract and pure compounds isolated from the flowers of V. amygdalina exhibited
pronounceable antibacterial activity. This justifies the traditional uses of this plant against

bacteria.

Further studies should be carried on structure activity relationships which may be a guide to a
better understanding of the relationships between the structures and bacterial and antioxidant

activities of these compounds. In addition to this the following recommendations were made.

» The antibacterial activity test was conducted on limited bacterial strains. So further
testing work should be carried out on large variety of bacterial strains so as to
conclude that the plant have good antibacterial activities.

» Further phytochemical and biological activity studies should be conducted on this
plant to isolate more constituents of the compound and to identify the specific

antibacterial activities of the plant.

38



6. REFFERENCES

10.

11.

12.

Bajpai, M., Pande, A., Tewari, S.K. and Prakash, D. (2005). Phenolic contents and
antioxidant activity of some food and medicinal plants. International Journal of Food
Sciences and Nutrition, 56, 287-291.

Sofowora, F.A. (1982). Medicinal plants and traditional medicine in Africa. John Wiley
and Sons, N.Y., U.S.A.

Nyazema, N. Z. (1987). Medicinal plants of wide use in Zimbabwe. In: A.J M.
Leeuwenberg, Medicinal and poisonous plants of the tropics- Proceedings of symposium
5-35 of the 14th International Botanical Congress, 38, Pudoc Wageningen, Berlin.
Pamplona-Roger, G.D., (1999). Encyclopaedia of Medicinal Plants. Editorial Safeliz,
Spain.

Gidey, Y., Mekonen, T. and Mezgebe, K. (2011). Survey of medicinal plants used to
treat human ailments in Hawzen district, Northern Ethiopia. International Journal of
Biodiversity and Conservation, 3(13), 709-714.

Dawit Abebe (2001). Plants as primary source of drugs in the traditional health care
practices of Ethiopia. Plant Genetic Resource of Ethiopia, 6, 101-113.

Mekonnen Bishaw (1991). Promoting traditional medicine in Ethiopia: brief historical
overview of government Policy. Social Science and Medicine, 33, 193-200.

Gakuya, D.W, Mbarai, J.M, Kiama, S.G, Gathumbi, P.K, Mathiu, M, Nguta, .M (2011).
Review Article: Pharmacology and Toxicology, 4 Journal of the Kenya Veterinary
Association, 35 (2), 70-71.

Murende, D. (2003). Conservation of medicinal plants to sustainable use in: The second
national congress on quality improvement in health care. Medical research and
traditional medicine. KCT, Nairobi. Kenya.

Winslow, L., Kroll, D.J. (1998). Herbs as Medicines. Archives of Internal Medicine, 158,
2192-2199.

Clark, A.M. (1996). Natural Products as a Source for New Drugs. Pharmaceutical
Research, 13, 1133-1141. http://dx.doi.org/10.1023/A:1016091631721.

Akah, P.A. and C.L. Okafor (1992). Blood sugar lowering effect of Vernonia
amygdalina Del. in an experimental rabbit model. Phyto. Therapy Research, 6, 171-173.

39



13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

Atangwho, [J., P.E. Ebong, E.U, Eyong and M.U. Eteng (2010). Combined
administration of extracts of Vernonia amygdalina (Del) and Azadirachta indica (A.
Juss) mimic insulin in time-course body weight and glucose regulation in diabetic and
non-diabetic rats. Nigerian Journal of Biochemistry and Molecular Biology, 25(1), 44 —
49.

Ijeh, LI. and C.E.C.C. Ejike (2011). Current perspectives on the medicinal potentials of
Vernonia amygdalina Del. Journal of Medicinal Plants Research, 5(7), 1051 — 1061.
Giday, M., Asfaw, Z., Almqvist, T., and Woldu, Z. (2003). An ethnobotanical study of
medicinal plants used by the Zay people in Ethiopia. Journal of Ethnopharmacology, 85,
43-52.

Magadula, J.J., Erasto, P. (2009). Bioactive natural products derived from the East
African flora. Nat. Prod. Rep., 26, 1535-1554.

Adetutu, A., Morgan, W.A., Corcoran, O. (2011). Ethnopharmacological survey and in
vitro evaluation of wound-healing plants used in South-western Nigeria. J.
Ethnopharmacol, 137(1), 50-56.

Noumedem, J.A.K., Mihasan, M., Kuiate, J.R., Stefan, M., Cojocaru, D., Dzoyem, J.P.,
Kuete, V. (2013). In Vitro antibacterial and antibiotic-potentiation activities of four
edible plants against multidrug-resistant gram-negative species. BMC Complement.
Altern. Med., 137, 130-190.

Thorne, R.F. (2002). How many species of seed plants are there? Taxon, 51, 511-522.
Scotland, R.W. and A.H. Wortely (2003). How many species of seed plants are there?
Taxon, 52: 101-104.

Vicki, A.F, Alfonso S, Tod, F.S, Harold R. (2009). Classification of Compositae. The
International Compositae Alliance.

Rahman, A.HM.M., M.S. Alam, S.K. Khan, A. Ferdous, A.K.M. Rafiul, Islam and
M.M. Rahman (2008). Taxonomic Studies on the Family Asteraceae (Compositae) of the
Rajshahi Division. Res. J. Agr. Biol. Sci., 4, 134-140.

The status of Asteraceae in the arid and Saharan flora of North Africa region (2010).
Case study Tunisia Pak. J. Bot., 42(3), 1417-1422.

Mirutse, G., Zemede, A. and Zerihun, W. (2009). Medicinal plants of the Meinit ethnic
group of Ethiopia: An ethnobotanical study. Journal of Ethnopharmacology, 124, 513—
521.

40



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Oketch-Rabah, H.A., Lemmich, E., Dossaji, S.F., Theander, T.G., Olsen, C.E., Cornett,
C., Arsalan, K. and Christensen, B.S. (1997). Two new antiprotozoal 5 methylcoumarins
from V. brachycalyx. Journal of Natural Product, 60, 458-461.

Ali, I. Mohamed, Tadesse, Mebrahtu and Teklu Andebrhan (1999). Variability in oil and
vernoic acid contents in new V. galamensis collection from east Africa. In Perspectives
of New Crops and New Uses, 272-274, (Janick, J., ed.). ASHS Press, Alexanddria.
Mesfin Tadesse (2004). Flora of Ethiopia and Eritrea. Asteraceac Addis Ababa
University, Addis Ababa, Ethiopia and Uppsala University, Uppsala Sweden, 4(2), 408.
Ngeh, J. Toyang, and Rob, Verpoorte (2013). A review of the medicinal potentials of
plants of the genus Vernonia (Asteraceae), Journal of Ethnopharmacology, 146, 681—
723

Schlage, C.C., Mabula, R.L., Mahunnah, A. and Heinrich, M. (2000). Medicinal plants
of the Washaramba (Tanzania): Documentation and ethnopharmacological evaluation.
Journal of Plant Biology, 2(1), 83-92.

Thompson, A.E., Dierig, D.A. and Kleiman, R. (1994). Characterization of V.
galamensis germplasm for seed oil content, fatty acid composition, seed weight and
chromosome number. Industrial Crops Production, 2, 299-305.

Huang, Y., Ding Z. and Liu, J. (2003). A new highly oxygenated Flavone from V.
Saligna. Z. Natur forsch, 58(C), 347-350.

Ojiako, O.A. and Nwanjo, H.U. (2006). V. amygdalina hepatotoxic Response from
biochemical and toxicity studies in rats. African Journal of Biotechnology, 5(18), 1648-
1651.

Tilahun, Teklehaymanot and Miruts, Giday (2007). Ethnobotanical study of medicinal
plants used by people in Zegie peninsula, North western Ethiopia. Journal of
Ethnobiology and Ethnomedicine, 3, 1-12.

Aliyu, A.B., Musa, A.M., Abdullah, M.S., Ibrahim, H. and Oyewale, O.A. (2011).
Phytochemical screening and antibacterial activities of V. ambigua, V. blumeoides, V.
oocephala (Asteraceae). Acta Poloniae Pharmaceutical Drug Research, 68, 67-73.
Stangeland, T., Alele, P.E., Katuura, E., Lye, K.A. (2011). Plants used to treat malaria in
Nyakayojo sub-county, western Uganda. J. Ethnopharmacol.137:154-166.

Frutuoso, V.S., Gurjdo, M.R., Cordeiro, R.S., Martins, M.A. (1994). Analgesic and
antiulcerogenic effects of a polar extract from leaves of Vernonia condensata. Planta

Med. 60:21-25.

41



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Malafronte, N., Pesca, M., Sabina, B., Angela, E., Luis, M.T.N. (2009). New flavonoid
glycosides from Vernonia ferruginea. Nat. Prod. Commun. 4, 1639-1642.

Ogundare, A.O., Adetuyi, F.C., Akinyosoye, F.A. (2006). Antimicrobial activities of
Vernonia tenoreana. Afr. J. Biotechnol. 5, 1663-1668.

Akinola, O.S., Caxton-Martins, E.A., Akinola, O.B. (2010). Ethanolic leaf extract of
Vernonia amygdalina improves islet morphology and up regulates pancreatic G6PDH
activity instrptozotocin-induced diabetic Wister rats. Pharmacology online, 2, 932-942.
Owolabi, M.A., Jaja, S.I., Olatunji, O.J., Oyekanmi, O.0., Adepoju, S. (2011).
Attenuation of oxidative damage in alloxan induced diabetic rabbits following
administration of the extract of the leaves of Vernonia amygdalina. Free Radic. Antioxid.
1, 94-101.

Sangeetha, T., Venkatarathinakumar, T. (2011). Antitumor activity of aerial parts of
Vernonia cinerea (L.) Less. Against Dalton’s Ascitic Lymphoma. Int. J. Pharm. Tech.
Res, 3, 2075-2079.

Atangwho, 1.J., Ebong, P.E., Egbung, G.E., Ani, LF. (2009). Effects of co-administration
of extracts of Vernonia amygdalina and Azadirachta indica on serum electrolyte profile
of diabetic and non diabetic rats. Australian Journal of Basic and Applied Science, 3,
2974-2978.

Kunle, O.F., Egharevba, H.O. (2009). Preliminary studies on Vernonia ambigua:
phytochemical and antimicrobial screening of the Whole plant. Ethnobotanical Leaflets,
13, 1216-1221.

Nwanjo, H.U. (2005). Efficacy of aqueous leaf extract of Vernonia amygdalina on
plasma lipoprotein and oxidative status in diabetic rat models. Nigerian Journal of
Physiological Science, 20, 39—42.

Ayoola, G.A, Coker, H.A.B., Adesegun, S.A., Adepoju-Bello, A.A., Obaweya, K.,
Ezennia, E.C., Atangbayila, T.O. (2008). Phytochemical screening and antioxidant
activities of some selected medicinal plants used for malaria therapy in South-western
Nigeria. Tropical Journal of Pharmaceutical Research, 7, 1019-1024.

Sharma, M.C., Sharma, S. (2010). Pharmacognostic and Phytochemical screening of
Vernonia amygdalina Linn against selected bacterial strains. Middle-East Journal of
Scientific Research, 6, 440-444.

Maheshwari, P., Songara, B., Kumar, S., Jain, P., Srivastava, K., Kumar, A. (2007).
Alkaloid production in Vernonia cinerea: callus, cell suspension and root cultures.

Biotechnology Journal, 2, 1026—1032.

42



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Neuwinger, H.D. (1996). African ethnobotany: poisons and drugs chemistry. In:
Pharmacology Toxicology.

Risso, W.E., Scarminio, L.S., Moreira, E.G. (2010). Antinociceptive and acute toxicity
evaluation of Vernonia condensata Baker leaves extracted with different solvents and
mixtures. Indian Journal of Experimental Biology, 48, 811-816.

Deeni, Y.Y., Hussain, H.S.N. (1994). Screening of Vernonia kotschyana for
antimicrobial activity and alkaloids. International Journal of Pharmacognosy, 32, 388—
395.

Saha, D., Paul, S. (2012). Pharmacognostic studies of aerial part of methanolic extract of
Vernonia patula. Asian Journal of Pharmaceutical Research, 2, 94-96.

Carvalho, M.G., Mirinda, C.P., Heber, S.A. (1999). Flavanones from Vernonia diffusa.
Journal of Brazilian Chemical Society, 10, 163—166.

Igile, G.O., Oleszek, W., Jurzysta, M., Burda, S., Fafunso, M., Fasanmade, A.A. (1994).
Flavonoids from Vernonia amygdalina and their antioxidant activities. Journal of
Agriculture and Food Chemistry, 42, 2445-2446.

Ahmad, I., Chaudhary, B.A., Janbaz, K.H., Uzair, M., Ashraf, M. (2011). Urease
inhibitors and antioxidants from Vernonia cinerascens. Journal of the Chemical Society
of Pakistan, 33, 114-117.

Jisaka, M., Ohigashi, H., Takegawa, K., Huffman, M.A. and Koshimizu, K. (1993).
Antitumoral and antimicrobial activities of bitter sesquiterpene lactones of V.
amygdalina, a possible medicinal plant used by wild chimpanzees. Biochemistry, 57,
833-834.

Koshimizu, K., Ohigashi, H. and Huffman, M.A. (1994). Use of V. amygdalina by wild
chimpanzee: Possible roles of its bitter and related constituents. Physiological Behaviour,
56, 1209-1216.

Miserez, F., Potterat, O., Marston, A., Mungai, G.M. and Hostettmann, K. (1996).
Flavonol glycosides from Vernonia galamensis ssp. Phytochemistry, 43, 283-286.

Mao, R.S., Jun, S.Y. and Sheng, Z. (2008). Two new compounds from the stem of V.
cumingiana. Chinese Chemical Letter, 19, 180-182.

H. Buskubhl et al. (2010). Sesquiterpene lactones from Vernonia scorpioides and their in
vitro cytotoxicity, Phytochemistry, 71, 1539—1544.

Njogu, M., Kimani, Josphat, C., Matasyoh, Marcel, Kaiser, Reto, Brun and Thomas J.
Schmidt (2017). Anti-Trypanosomatid Elemanolide Sesquiterpene Lactones from

Vernonia lasiopus, Molecules, 22, 597.

43



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Yeap, S.K., Ho, W.Y., Beh, B.K., Liang, W.S., Ky, H., Yousr, A.H.N., and Alitheen,
N.B. (2010). Vernonia amygdalina an ethnoveterinary and ethno-medical used green
vegetable with multiple bioactivities. J. Med. Plant Res., 4(25), 2787-2812.

Mekoya, A., Oosting, S.J., Fernandez-Rivera, S., Van der Zijpp, A.J. (2008).
Multipurpose fodder trees in the Ethiopian highlands: Farmers’ preference and
relationship of indigenous knowledge of feed value with laboratory indicators. Agric.
Syst., 96, 184-194.

Kamatenesi-Mugisha, M. (2004). Medicinal plants used in reproductive health care in
Western Uganda: Documentation, phytochemical and bioactivity evaluation, Makerere
University (Ph.D. Thesis in Botany), Kampala.

Argheore, E.M., Makkar, H.P.S., Becker, K. (1998). Feed value of some browse plants
from the central zone of Delta State Nigeria. Trop. Sci., 38, 97-104.

Igile, G.O., Oleszyek, W., Burda, S. and Jurzysta, N. (1995). Nutritional assessment of
Vernonia amygdalina leaves in growing mice. J. Agric. Food Chemistry, 43, 2126-2166.
Huffman, M.A., Seifu, M. (1989). Observations on the illness and consumption of a
possibly medicinal plant, Vernonia amygdalina (Del.), by a wild chimpanzee in the
Mahale Mountains National Park, Tanzania. Primates, 30, 51-63.

Huffman, M.A. Self-medicative behaviour in the African great apes (2001). An
evolutionary perspective into the origins of human traditional medicine. Bioscience, 51,
651-661.

Huffman, M.A. (2003). Animal self-medication and ethno-medicine: Exploration and
exploitation of the medicinal properties of plants. Proc. Nutr. Soc., 62, 371-381.
Newbold, C.J., El-Hassan. S.M., Wang, J., Ortega, M.E., Wallace, R.J. (1997). Influence
of foliage from African multipurpose trees on activity of rumen protozoa and bacteria.
Brit. J. Nutr, 78, 237-249.

Kambizi, L., Afolayan, A.J. (2001). An ethnobotanical study of plants used for the
treatment of sexually transmitted disease (njovher) in Guruve District, Zimbabwe. J.
Ethnopharmacol, 77, 5-9

Cos, P., Hermans, N., Bruyne, T.D., Apers, S., Sindambiwe, J.B., Berghe, D.V., Pieters,
L., Vlietinkck, A.J. (2002). Further evaluation of Rwandan medicinal plant extracts for
their antimicrobial and antiviral activities. J. Ethnopharmacol., 79, 155-163.

Babalola, G.O., Okoh, A.I. (1996). Assessment of Vernonia amygdalina as a substitute
for hop brewing. Tech Q. Master Brew Assoc. Am., 33, 44-46.

44



73.

74.

75.

76.

77.

78.

79.

80.

1.

82.

83.

&4.

Kola, O.M. (2007). Anti-inflammatory activity of ethanolic leaf extract from Vernonia
amygdalina on the immune system of Swiss albino rats dosed with Clostridium
sporogenes (NCIB 532). Res. J. Med. Sci., 1, 127-131.

Etkin, N.L. (2002). Local knowledge of biotic diversity and its conservation in rural
Hausaland, Northern Nigeria. Economic Botany, 56, 73-88.

Rotimi, V.O., Mosadomi, H.A. (1987). The effect of crude extracts of nine African
chewing sticks on oral anaerobes. J. Med. Microbiol, 23, 55-60.

Ogbebor, N.O., Adekunle, A.T., Enobakhare, D.A. (2007). Inhibition of Colletrotrichum
gloeosporioides (Penz) Sac. Causal organism of rubber (Hevea brasiliensis Muell. Arg.)
leaf spot using plant extracts. Afr. J. Biotechnol., 6, 213-218.

Owolade, O.F., Amusa, A.N., Osikanlu, Y.O.K. (2000). Efficacy of certain indigenous
plant extracts against seed-borne infection of Fusarium moniliforme of maize (Zea mays
L.) in South Western Nigeria. Cereal Res. Commun., 28, 323-327.

Suleiman, M.N., Emua, S.A., Taiga, A. (2008). Effect of aqua's leaf extracts on a spot
fungus (Fusarium sp) isolated from Compea. American-Eurasian J. Sust. Agric., 2, 261-
263.

Nduagu, C., Ekefan, E.J., Nwankiti, A.O. (2008). Effect of some crude plant extracts on
growth of Colletotrichum capsici (Synd) Butler and Bisby, causal agent of pepper
anthracnose. J. App!l. Biosci., 6, 184-190.

Nwachukwu, E.O., Umechuruba, C.I. (2001). Antifungal activities of some leaf extracts
on seed-borne fungi of African yam bean seeds, seed germination and seedling
emergence. J. Appl. Sci. Environ. Manage, 5, 29-32.

Bonsi, M.L.K., Osuji, P.O., Tuah, A.K., Umunna, N.N. (1995). Vernonia amygdalina as
a supplement to teff straw (Eragrosis tef.) fed to Ethiopian Menz sheep. Agro forest Syst.,
31, 229-241.

Firn, R. (2010). Nature’s Chemicals. Oxford University Press, Oxford. 74-75.

Igile, G.O., Oleszek, W., Jurzysta, M. (1995b). Vernoniosides D and E, two novel
saponins from Vernonia amygdalina. J. Nat. Prod., 58, 1438-1443.

Jisaka, M., Ohigashi, H., Takagaki, T., Nozaki, H., Tada, T., Hirota, M., Irie, R.,
Huffman, M.A., Nishida, T., Kaji, M., Koshimizu, K. (1992). Bitter steroid glucosides,
Vernoniosides Al, A2 and A3 and realted B1 from a possible medicinal plant, Vernonia

amygdalina, used by wild chimpanzees. Tetrahedron, 48, 625-632.

45



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Huffman, M.A., Gotoh, S., Izutsu, D., Koshimizu, K., Kalunde, M.S. (1993). Further
observations on the use of the medicinal plant Vernonia amygdalina (Del.), by a wild
chimpanzee, it's possible effect on parasite load, and its phytochemistry. Af. Stud.
Monographs, 14, 227-240.

Erasto, P., Griersoon, D.S., Afolayan, A.J. (2006). Bioactive sesquiterpene lactones from
the leaves of Vernonia amygdalina. J. Ethnopharmacol., 106, 117-120.

Laekeman, G.M., De, Clerck, F., Vlietinck, A.J., Herman, A.G. (1985). Vernolepin: an
antiplatelet compound of natural origin. Naunyn-Schmiedeberg’s Archives Pharmacol.,
331, 108-113.

Kupchan, S.M., Hemingway, R.J., Karim, A., Wemer, D. (1969). Tumor inhibitors.
XLVII. Vernodalin and vernomygdin, two new cytotoxic sesquiterpene lactones from
Vernonia amygdalina. J. Org. Chem., 34, 3908-3911.

Somnath, De et al. (2015). Analysis of Phytochemical Profile of Cardanthera Difformis
Druce Whole Plant Extract with Antibacterial Properties, International Journal of Recent
Scientific Research, 6, 4564-4567.

Kumar, G.S., Jayaveera, K.N., Kumar, C.K.A., Sanjay, U.P., Swamy, B.M.V. and
Kumar, D.V.K. (2007). Antimicrobial effects of Indian medicinal plants against
acneinducing bacteria. Trop. J. Pharm. Res., 6, 717-723.

Brand-Williams, W., Cuvelier, M.E., Berset, C. (1995). Lebensm Wiss Technol., 28, 25-
30.

Peyrat-Maillard, M.N., Bonnely, S., Berset, C. (2000). Determination of the antioxidant
activity of phenolic compounds by coulometric detection. Talanta, 51, 709-716.
Rivero-Perez, M. D., Muniz, P. and Gonzalez, Sanjase, M. L. (2007). Antioxidant profile
of red coines evaluated by total antioxidant capacity, Scavenger activity, and biomarkers
of oxidative stress methodologies. Journal of Agricultural and Food chemistry, 55(14),
5476-5483.

Sulaiman, , S. F., Yusoff, N. A. M., Eldeen, I. M., Seow, E. M., Sajak, A. A. B.,
Supriatno, O.0.1, K. L. (2011). Correlation between total phenolic and mineral contents
with antioxidant activity of eight Malaysian bananas (Musa sp). Journal of Food
Composition and Analysis, 24, 1-10.

Zhang, S., Bi, H. and Liu, C. (2007). Extraction of bio-active components from Rhodiola
sacha linensis under ultrahigh hydrostatic pressure. Separation and Purification

Technology, 57, 275-280.

46



96. T., Rabe, D., Mullholland, J. and van Staden (2002). Isolation and identification of
antibacterial compounds from Vernonia colorata leaves. Journal of Ethnopharmacology
, 80, 91-94.

97. José, G., Napolitano, David, C., Lankin, Shao-Nong Chen and Guido, F., Pauli (2012)
Complete '"H NMR spectral analysis of ten chemical markers of Ginkgo biloba. Magn
Reson Chem., 50(8), 569-575.

98. Chaturvedula, V.S.P., Prakash, 1. (2013). Flavonoids from Astragalus propinquus,
Journal of Chemical and Pharmaceutical Research, 5(1), 261-265.

47


https://www.ncbi.nlm.nih.gov/pubmed/?term=Napolitano%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=22730238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lankin%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=22730238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=22730238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauli%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=22730238
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22730238
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22730238

7. LIST OF APPENDIX

T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T
3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00
ppm (f1)

Appendix 1: 'H-NMR spectrum of VAC-F1

48



AAU Dept of Chemistry sug3 ¢ o
NMR Laboratory N '/ i
Sample Code: VAC-1 \/ \y

Book Code: 91-036
Date: 20/04/2017
Experiment: C13
Solvent: CDCI3

29.721
20.685
29.387

H
I
I
/ | A
/ \
. /\
TR i .
T T T T T T T T
%9 B} BT X6 WS WL NI pm
|
|
|
e W P e bl ;
T T T ;g
P00 A0 pn

(N AR D N DA AT TR YRR s YA FY T "/t e Ay A IRt AR AN AN I AR A Y PN R TS AR g DA AR AN RSN MRS DS AR aa] FRSOF AN A
1§ 20 25 20 95 160 185 130 7€ 70 165 160 155 150 45 14C 135 (30 126 12D M5 110 15 100 5 90 85 0 5 70 €5 60 H 0 4 4 B W B D 45 0

Appendix 2: C-NMR spectrum of compound VAC-F1

49



A AU Dept of Chemistry
NVIR Laboratory

‘ Sample Code: VAC-1

\ Book Code: 91-936
Date: 20/04/2017

‘ Experiment; DEPT-135

Solvent; CDCI3

31.94
2> 70
1412

Mvwmwvw‘:w

t
|
syt A A MNWwwwwumuwwmmwwmwm«v Mjah«MMmemmw—wWmewmwm

| ‘

kY 13 3 K b 3 7 % ) % 5 i il X 1 3 1 16 1 14 13 2 opm

Appendix 3: DEPT-135 spectrum of compound VAC-F1

50



0.6 H

0.4 -

Absorbance in %

0.2 H

0.0 -——— V¥ 7—7—7
280 290 300 310 320 330 340 350 360 370 380 390 400
Wave length in nm

Appendix 4: UV-Vis spectrum of compound VAC-F16

|

40

30

20

% of Transmittance

10 -

T T T T 1
2500 2000 1500 1000 500

Wave number in cm-1

T T
3500 3000

Appendix 5: FT-IR spectrum of compound VAC-F16

51



BRUKER

1.0

B

25
L

o'l

£
[ &
o £
£98'L —— 9T —— L&
068 ——— s T
et [ o
& LR
sty —— 4——-—) VeLT — 5
SeLT—— -
LS €507 —— B
= Yasge—— ki
Lo 150 H
650 N b
590 —=
o £0e ——
< 190 ——
Asocf el
g@og/ ©
e ove
yeo'L o
£hL
ool
099»& L8 0996 —~__ £
e = g9t — B
619k —2= Fomr L
= o
e e = :
| pic
Qr =~
804
8Ll
s s
c 3
e fe ISy —— &
1627 —— 097 2
6987 —— i E
1927 ——
P p— e :
9 020G —— &
i 170G ——
1987 ~—_ e -
vieT &
o057 =
667~ °
Wro——2 e weg— )
607°C ) g
e (L 6925~ i
T Lo ws
86 —— o SoceEtess 3
[ s
osc £
g
265° s
S
£
025 &
Aozs\\\: =
[ b3
plic = 8
olLs—~
0cL's
" le
erL’s I
wis—" ©
S9LG ——
6916~
E” (=
= 926G~ &
@0 8 0866 ——
L 965 —_
% O? 156G —— \ 3
3
=S 3
o>
o< XLSIW DU - £
‘68215@(\1’6 9819~ b e e &
[ o I 8gb'9 —— -
y ks <=0 e — Fe
Q O ﬂ)o o 53 ©
Q)_Qo-ga (I)O P
© o Lo
O_IQ(,)N.‘EE ©
o 10 S
LEXBes 8
<.§ © O T X0 zasa\ a
<ZnoAwwn o
wee
aee—" \ [
@

Appendix 6: 'H-NMR spectrum of compound VAC-F16

o el mAMWMJUWJM kb

G 2o
75

52



wdd g [+ Sl 0z k4 oe -4 oy 14 0g 2] 09 58 0L SL 08 S8 06 56 ook S0k oLt 133 (43 gel oet Sek ork Gvh oSt S51 osh 591 0LL Sl o
L L ' L L L L I L L L L 1 ' L L L ' L ! L L L L L L L I L I L 1

A doselih kst 4

Wil ) i

Aot kol i, dibbinl bbb bl TR kbl

b4}

L I TRV o

1'% N ;: Ll iy TENHEN o

wdd g'g/ 0L Gl 0L
h f !

68.9L
80L'2L
9Ty 1L ——
L el

= N @ N @ @ o a ~ P ] © s e i e
® N & 3 = @ £ o S RN © DR DoN ©w o Saa
I @ Y N @ Q W W = o N DHNND 2% ot D
& & 3 ES Q e} x 8 ® o N ol o~ N S

BENS S Ro °o® Ry

€100 uenes

€10 Juswradxg
1102/¥0/0T :81eq
GC6-16 :9p0D Mooy
91-OVA 8poD ejdwes
AiojelogeT YN
Ansiwey) Jodeg Ny

BC-NMR spectrum of compound VAC-F16
53

Appendix 7



udd ol & 0 g oL s o0z sz o8 6 Oy S 05 9 09 G O/ G 08 S8 06 S6 OOb SOL OLL SL OZh G2 OSk SEb OvL SbL  OGL SSL 09l 9oL oLk GzL 08k 8L 06k 6l
' L L L ' L L L L ' ' L L L L L ' L L L L L

TV CTU IO RoITre FRPPRERTIN RN SR i Loty _._»._; e \ | ki ;Lrgs | N "

N u ¥ ' VY i bt suai % L [T T Wi A W oy iy ;_? . s ” Y
€100 Jusn0S
G¢l-1d43Q wswadx3
_ \r / 210¢/v0/0¢ -81ed
E s £k : LI § 338 G616 :9p0D Yoog

9L-OVA :8poQ d|duies
Aojeloge YAN
Alsiweayo jo 1deg N'Y'Y

JyIMNnUA

54

DEPT-135 spectrum of compound VAC-F16

Appendix 8



NMIMNAEa

(<)

0

5

G994

094

0¥

o€

02+

Sl

101

101

]
0
i
i

= 25 B

=

=

21
=

wdd

€10d0 Jusnjosg
ASOO-HH juswiedx3
£L10¢/¥0/0¢ ®¥ed
GE€6-16 BP0OY Xoog
9L-OvA 8poQ sjdwes
Aiojeloge HIAN
Ajsiweyg joydeg Ny

Appendix 9: HH-COSY spectrum of compound VAC-F16
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Appendix 12: UV-Vis spectrum of compound VAA-F16-17
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Appendix 13: FT-IR spectrum of compound VAA-F16-17
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