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STUDIES TOWARD ISOLATION AND IDENTIFICATION OF
BIOACTIVE SUBSTANCES FROM MEDICINAL PLANTS
By
Derar Issa Smadi
Supervisor
Dr. Othman Hamed

Abstract

More than 600 plant species have been used in the Palestinian
traditional medicine to treat various diseases. About fifty of these plants
are used to treat various skin diseases. This work is a continuation of
existing effort to find new medicine from plants grows in Palestine.
Medicinal plant Tayoon was chosen for this work. It was chosen because it
1s an important plant in the Palestinian folklore, it has unlimited number of
medical applications. Three main stages were used in separation and
identification of tayoon extracts. In the first stage, tayoon was subjected to
extraction with ethyl acetate. In the second stage, tayoon extracts were
fractionated using flash chromatography, four fractions were separated. In
the third stage, the four separated fractions were evaluated for antibacterial
activities. Results of the antibacterial study showed that only fraction 4 has
activity against bacteria S.aureus. Base on these results fraction 4 was
further fractionated by flash chromatography and two components were
collected. The major component which was identified to have the
bioactivity was analyzed by various spectroscopic techniques and its
structure was determined. = The major compound of fraction four was

identified to be  5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-



xii
methoxy-4H-chromen-4-one which is known as 3,3’-di-O-methylquercetin,

its structure is shown in the following figure.

OH
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CHAPTER ONE

INTRODUCTION

1.1 The Significance of Natural Products as Drugs

Since the old time, natural products have played a very important
role in curing human diseases. The ancient civilizations such as Chinese,
Egyptian, Indians, Greek, and North Africans provide written evidence for

the use of natural products for treatment of various diseases ."

The earliest known written medical prescription is about four
thousand year old, Sumerian clay tablet that shows remedies for various
illnesses .> For instance, mandrake was prescribed for pain relief, turmeric
possesses blood clotting properties, roots of the endive plant were used for
treatment of gall bladder disorders, and raw garlic was prescribed for
circulatory disorders. These treatments are still being used in several

countries as affordable drugs.

However, it was not until the nineteenth century that scientists
isolated active components from various medicinal plants. Friedrich
Sertiirner isolated morphine (1) (Fig 1.1) from Papaver somniferum in
1806. In 1860, a German chemist Carl Koler isolated cocaine (2) (Fig 1.1),
the chemical responsible for certain biological activity. He found that
cocaine could act as a local anaesthetic in eye surgery. As the years
passed, scientists observed that cocaine paralyzed nerve endings
responsible for transmitting pain. As a local anaesthetic, it revolutionized
several surgical and dental procedures and since then natural products have

been extensively screened for their medicinal purposes.



Morphine Cocaine
1 2

Fig. (1.1): Examples on natural materials with anaesthetic properties

More examples on bioactive materials extracted from natural sources
are shown in Fig 1.2. Atropine( 3) obtained from Atropa belladonna,
strychnine (5), a CNS stimulant, identified from a cone snail, Conus magus,
and Taxol® (4)obtained from the bark of the Pacific yew tree are examples

of bioactive materials available in plants.

A recent study conducted by the World Health Organization (WHO)
shows that, about 80% of the world’s population relies on traditional
medicine .> More than one hundred drugs prescribed in USA today come
from natural sources, more than 90% of which come either directly or
indirectly from plant sources .* About 50% of the anticancer drugs in the
market come from natural products or natural products derivatives .> More
than a hundred anticancer drugs have been developed between the years
1981-2006, 25% of which are natural product derivatives, eighteen are
natural product mimics, eleven candidates are derived from a natural
product pharmacophore, and nine are pure natural products .° Thus natural

products make a very significant contribution to drug discovery.
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Fig. (1.2): Examples on bioactive materials extracted from various plants

1.2 Sources of Natural Products

Naturally products could be classified into four types based on their

sources.

1. Natural products from plants

2. Natural products from animals

3. Natural products from microorganisms

4. Natural products from marines



1.2.1 Natural Products from Plants

The efficiency of medicinal plants in treatment of various diseases is
known and proved thousands of years ago. Farnsworth, N. R et. al ’
showed in a documented article that up to date, 35,000-70,000 plant

extracts have been screened for their medicinal use.

The earliest known records for using plants as medicine are from
Mesopotamia about 2600 B.C., and these are still significant part of
traditional medicine and herbal remedies .* Important drugs such as
Taxol® (4) (Fig 1.2), camptothecin(7) (Fig 1.3), morphine (Fig 1.1) and
quinine(6) (Fig 1.3) have been isolated from plant sources. The first two
are widely used as anticancer drugs, while the remaining are analgesic and

antimalarial agents, respectively.

Quinine Camptothecin
6 7

Fig. (1.3): Natural products with anticancer and antimalarial activities

Other anticancer agents available in the market today derive their
origin from plants are: podophyllotoxin (11), Etoposide (10),

teniposide(9), Catharanthus roseus, vincristine, (8) and vinblastine (8).
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Fig. (1.4): Commercial anticancer with natural origin

Podophyllotoxin is one of the early compounds isolated as an
anticancer agent from Podophyllum peltatum. It was initially used
therapeutically as a purgative and in the treatment of venereal warts .’
Later, in 1974, it was shown that it acts as an anticancer agent by binding

irreversibly to tubulin .'° Etoposide (10) and teniposide (9) are modified

analogs of podophyllotoxin .
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Vincristine (8) and vinblastine (8) extracted from Madagascar
periwinkle, Catharanthu, '' a member of the Apocynaceae. These natural
products seem to have a diverse medicinal property. They have anticancer
and antihypertensive activities. Both vinblastine and vincristine are now
known to prevent cell division by inhibiting mitosis in the cell cycle. They
irreversibly bind to tubulin, thereby blocking cell multiplication and

eventually causing cell death.'

The anticancer agent Paclitaxel (Taxol®) was extracted from Pacific
yew tree, Taxus brevifolia ,13 it has been used in the treatment of several
types of cancer, but most commonly for ovarian and breast cancers as well
as non-small cell lung tumors .'* It had sales of $750 million in 2002 and

$1.0 billion in 2003 ."°
1.2.2 Natural Products from Animals

Animals are also source of biomaterials that can be used as drugs.
For instance, Epibatidine (12) (Fig 1.5), obtained from the skin of an
Ecuadorian poison frog, is ten times more potent than morphine .'® Other
interesting bioactive materials obtained from animals and played a
significant role in designing a multitude of cures for several diseases are
Venoms , toxins, and Teprotide . Teprotide for example, extracted from a
Brazilian viper, has led to the development of cilazapril (14) and captopril

(13) which are effective against hypertension ."”
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Fig. (1.5): bioactive material extracted from animals
1.2.3 Natural Products from Microorganisms

Microorganisms have been a source of potential drug candidates.
The first drug that was obtained from bacteria is penicillin (17), which was
discovered in 1929. Since then, microorganisms have been screened for
bioactive compounds. That led to the discovery of valuable drugs such as
for instance, the antibacterial agents cephalosporins (18), antidiabetic

agents acarbose (16), and anticancer agents epirubicin (15) ."®

OH

OH
Acarbose
16
—
HO H § \ (@)
m N
. HL OH
NH, o
Pencillin _ _
17 Cefprozil (cephaloporin)
18

Fig. (1.6): Examples on Bioactive compounds extracted from Bacteria
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1.2.4 Natural Products from Marine Organisms

Marine organisms are also a potential source of drugs. The first
bioctactive compound to be isolated from marine species was
spongouridine (19) in the 1950s " Since then several others were isolated
such as spongothymidine (19) from the Carribean sponge Cryptotheca.
These compounds are nucleotides and show great potential as anticancer
and antiviral agents. The discovery of spongouridine led to an extensive
research to identify drug candidates from marine sources. This led to the
discovery of the anticancer agent discodermolide (20), isolated from the
marine sponge, Discodermia dissoluta, which has similar mode of action
to that of paclitaxol® besides possessing a strong antitumor activity. It is
unique in that it exhibits better water solubility as compared to

paclitaxol®.?

OH
Spongouridine R=H
Spongothymidine R= CH3 (+)- Discodermolide

19 20

Fig. (1.7): Marine source natural products with bioactivities
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1.3 Plant Based Antibacterial Agents

In spite of the availability of a large number of antibacterial agents,

there is still a great need for more potent antibacterial drugs.

Most of the drugs available is either having toxicity for ecosystem or

bacteria developed some kind of resistance against them.

Therefore, researchers are increasingly turning their attention to folk
Medicine, looking for new leads to develop better drugs against microbial
infections.” Plants represent a reservoir of effective chemotherapeutants
and can provide valuable sources of drugs which posses antimicrobial
properties. During recent years, large number of plants have been screened
for their antibacterial activity, as a result of that large numbers of plants
have been found to contain ingredients that have some kind of activities
toward bacteria .>' Examples of these are mentioned earlier in this chapter

and will be presented in the next few pages with some details.
1.3.1 Terpenoids

The terpeniods, sometimes called isopreniods, are a large diverse
class of naturally occurring organic chemicals. They are derived from five-
carbon isoprene units assembled and modified in thousands of ways. Some

. . 23
terpenoids have unusual seven-carbon ring structures .

Plant terpeniods are used widely for their aromatic qualities; they
play a major role in traditional herbal therapies and are under investigation

for antibacterial, antineoplastic and other pharmaceutical functions.
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Terpeniods contribute to the scent eucalyptus, the flavors of

cinnamon, cloves, and ginger and the color of yellow flowers.
Monoterpenoids are well known of their antimicrobial activity.

Several terpeniods showed antifungal activity against microsporum

cookie and trichophyton mentagrophyes and fusaruim .>*

Examples on these tepenoids are shown in Figure (1.8) which was

isolated from the leaves of pinus radita .’

(1R,4aS,9S)-1-carboxy-7-isopropyl-1,4a-dimethyl-
1,2,3,4,4a,9,10,10a-octahydrophenanthren-9-olate
21

O

(1R,4aS,9S)-9-hydroxy-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-
carboxylic acid
22

Sy

(1R,4aS)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylic acid
23

Fig. (1.8): Terpenoids with antifungal activities extracted from leaves of pinus
radita.
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Another type of biological active terpenoids is saponins, that are a
group of triterpenoids which have been isolated from different plant (e.g.
rapanea, dolichos, camellia, and primula). Saponins show a wide range of

biological activities including antibacterial activity. ***

Saponins are considered to be an exception among antifungal
compounds in that their antifungal activity is usually correlated with the
sugar moiety glycosylated to the 3-hydroxyl group of the terpenoids and
thus a polar part of the molecule, whereas most other antifungal costituents

tend to be strongly lipophilic and inactive in glycoside form .***°

1.3.2 Alkaloids

They are groups of natural chemicals which mostly contain basic
nitrogen atoms. Alkaloids are produced by plants, animals, fungi and
bacteria. Many alkaloids can be purified from crude extracts by acid base
extraction, most alkaloids are toxic to organisms. They often have
pharmacological effects and are used as medications, as recreational drugs,
or in entheogenic rituals. For example, cocaine and morphine are used as
local anesthetic and are also used as stimulant caffeine and nicotine, or the
antimalarial drug quinine. Although alkaloids act on a diversity of
metabolic systems in humans and other animals, they almost uniformly

invoke a bitter taste .>!

Extracts from plants containing toxic alkaloids, such as aconitine and

. . .. . . 32
tubocurarine, were used since antiquity for poisoning arrows.
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1.4 Aromatic compounds

A large proportion of aromatic substances that are extracted from
plants often show antifungal activity. > These include simple and alkylated
phenols, phenolic acids, phenylpropanoids ( 24), coumarins, flavonoids,
isoflavonoids , stillbenoids, quinones and xanthones.

OH

HO

HO
(E)-3,4-dihydroxystyryl 3-(3,4-dihydroxyphenyl)acrylate
24

Fig. (1.9): Example on aromatic compounds with antibacterial activity
1.4.1: Flavonoids

Such as those shown in Figure (1.10), and especially isoflavonoids

Figure (1.11) were reported to have high antifungal activity against

richophyton mentagrophytes and T. rubrum .>**’



OCHL

(E)-1-(2,4-dihydroxy-6-methoxy-3-(3-methylbut-2-enyl)phenyl)-
3-(4-hydroxyphenyl)prop-2-en-1-one
25

3-(2,4-dihydroxyphenyl)-7-hydroxy-6-(3-methylbut-2-enyl)-4H-
chromen-4-one
26

Fig. (1.10): Example on flavonoids with antibacterial activities

HO O

7-hydroxy-3-(4-hydroxyphenyl)-6-(3-methylbut-2-enyl)-4 H-
chromen-4-one
27

Fig. (1.11): Example on isoflavonoids with antibacterial activities

1.4.2 Quinones

Some quinones are also known to inhibit mycelial growth of fungi,

examples are two naphthoquinonoid naphthaxirene derivatives and their

. . 38 .
glucosides from sesamum angolense pedaliaceae *° and the benzoquinones

juglone present in a number of plants, e.g pecan carya illinoesis,

junglandaceae »* and 2, 6- dimethoxybenzoquinone (28) from

crotonlacciferus (euphorbiaceae).
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H,CO OCH;

O
2,6-dimethoxycyclohexa-2,5-diene-1,4-dione

The latter constituent displays antifungal activity against

cladosporium cladosporiodes.*’
1.5 Plants Used In Traditional Medicine in Palestine

More than 600 plant species have been used in Palestine in
traditional medicine to treat various diseases .*"** About fifty species of
these plants are used to treat various skin diseases. The following
paragraphs show a summary about some of these plants, the structure of the

bioactive materials extracted form them and their applications.
1.5.1 Walnut Tree

The scientific name for this plant is Juglans Regial, it belongs to a
family known as Juglandaceae .* Its name is derived from the Latin glans
jovis, the corn of Jupiter. A very leafy tree with dark green leaves, the tree
grows to a height of about 12-15 m. It has a straight, well-branched trunk
with smooth, grayish-white bark, when young that develops deep,

longitudinal furrows with age and becomes very rough.

The bioactive materials in this plant are available in leaves, bark, and

fruit.
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In Palestinian tradition, this plant is used to treat bacterial infection
by isolating the juice from the green peels of the fruits and apply it on the

infected skin.

Several bioactive materials have been isolated from walnut tree
among these are inositol, tannin, gallic acid, junglandin, carotene,
pyrogallic acid, monoterponids, sesquiterpenes and juglone. The structures

of these extracted compounds are shown in Fig (1-12).

O 0
0,
OH O e}
5-hydroxynaphthalene-1,4-dione 2-methylnaphthalene-1,4-dione
(Joglone) (menadione)
29 30
Q o)
(I X
CH;
O OH O
naphthalegi-lA-dione 5-hydroxy-2,3-dimethylnaphthalene-1,4-dione
32
0
(0]
CH3
OH O OH O
8-hydroxy-2-methylnaphthalene-1,4-dione 5-hydroxy-2-methylnaphthalene
-1,4-dione (Plumbagin)
33 34
(0] o]
OH O OH O
5'hydr°xy'2'meﬂl31”|f_§’ifr:2ydr°"aphtha|e“e 5-hydroxy-2,3-dihydronaphthalene-1,4-dione
36
35

Fig. (1.12): Structures and name of materials extracted from walnut tree
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The bioactive materials extracted from the walnut tree are used as:
antihypoglycaemic, deputative, galactofuge, rubefacient, antiscrophutous

and antidermatosic.
1.5.2 Plumbago

The scientific name for this plant is Plumbago europea L, it belongs
to a family known as plumbaginaceae .** The Plumbago herb grows to
height of 30-100 cm. It has a herbaceous stem which is ribbed, erect,
branched, and leafy. The leaves are farinose, especially on the lower face,
oblong elliptic obviate or oblanceolate, remotely denticulate. Lower most
leaves are petiolate, whereas middle and upper leaves sessile and
auriculate-clasping. Flowers of this plant are calyx 6-8 mm with corolla
purple to lilac, lobes obovate, obtuse, mucronate. The medicinal parts are

gathered in Summer.

Plumbago is native to South Africa, and is a popular ornamental in
subtropical gardens in Florida and California, Plumbago may be found in

gardens all over the world.

The bioactive materials in these plants are available in leaves, roots

and whole plants.

In Palestinian tradition, green leaves are often macerated and applied
on the infected skin. Also dry leaves are usually moistened and then

macerated before being applied on infected skin parts.
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Chemical compounds that existing in Plumbago are shown in figure
1.13:

OH O

CHs
OH

(3R,4R)-4,8-dihydroxy-3-methyl-3,4-dihydronaphthalen-1(2H)-one
(1,3-Isoshinanolone)

OH O

984
CH,

O

3-chloro-5-hydroxy-2-methylnaphthalene-1,4-dione
(Droserone)
38

@) O OH
COCC
OH O @)

5-hydroxy-3-((5-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)
methyl)-2-methylnaphthalene-1,4-dione
(Isozeyanone)

OH O @)

1,7-dihydroxy-5a,12a-dimethyl-12,12a-dihydro-5H-dibenzo
[b,h]fluorene-5,6,11,13(5aH)-tetraone
(Zeyalanone)
40
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O

oo

OH O

5-hydroxy-2-methylnaphthalene-1,4-dione
(Plumbagin)
41

O

CH
I g

3 U
OH O cH,

@)

1',8-dihydroxy-3,6'-dimethyl-2,2'-binaphthyl-1,4,5',8'-tetraone
(Chitranone)
42

8,8'-dihydroxy-3,3'-dimethyl-2,2'-binaphthyl-1,1',4,4'-tetraone
(3,3-Biplumbagin)
43

" T
G
CH;

@)

(2S,3R)-8,8'-dihydroxy-3,3'-dimethyl-2,3-dihydro-2,2'-binaphthyl-
1,1',4 4'-tetraone
(1,2(3)-Tetrahydro-3,3-Biplumbagin)

44

Fig. (1.13): Natural materials available in plumgbago europea L
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1.5.3 Salvia L

The scientific name for this plant is salvia fruticosa and it belongs to
a family known as lamiaceae. Salvia L. is the largest genus of the family
labaite, including over 900 species in the world. Since ancient times,
species of salvia have been used in folk medicine for the treatment of
diabetes and skin diseases such as psoriasis and eczema and are used with

powder alum and other plants to treat mouth fungi.

Salvia due to has a wide range of biological activities such as anti

50-57 51-56

bacterial activities **antitumor activities and antifungal activities
salvia species also have some useful compounds to preserve raw and

58 . 159
processed food ““and some of them are used as a drink .

Salvia fruticosa is a very leafy plant which grows to height of about
60-120 cm; the light green gray leaves are used in traditional medicine in

Palestine.



20

o2

(R)-1-methyl-4-(prop-1-en-2-yl) 1,3,3-trimethyl-2-oxabicyclo
cyclohex-1-ene [2.2.2]octane
(Limonene) (1, 8-cineole)
46 45

7

6,6-dimethyl-2-methylenebicyclo (1S,4R)-2,2-dimethyl-3-methylenebicyclo

[3.1.1]heptane [2.2.1]heptane
(beta-Pinene) (Camphene)
48 47
)\/\/U\/ @\
7-methyl-3-methyleneocta- (1S,5S)-2,6,6-trimethylbicyclo
1,6-diene [3.1.1]hept-2-ene
(Myrcene) (a-Pinene)
50 49

1y, i
(1S,4S,5R)-1-isopropyl-4-methylbicyclo

[3.1.0]hexan-3-one
(a-Thujone) p-cymene
52 51



21
CHj

=
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H,C 7/ '
H CH,4

CHs
(1R,9S,E)-4,11,11-trimethyl-8-methylene

bicyclo[7.2.0Jundec-4-ene Camphor
(a-Caryophyllene)
54 53
/
OH \
2-(4-methylcyclohex-3-enyl) (1E,4E,8E)-2,6,6,9-tetramethylcycloundeca-
propan-2-ol 1,4,8-triene
(a-Terpineol) (a-Humulene)
56 55

Fig. (1.14): Chemical compounds that are available in Salvia Fruticosa:

1.6 Aims and Scope of the Work

Scarce information on natural bioactive compounds and their
properties in many plants in Palestine, as well as increasing demand for

natural drugs were important motivations to start this study.

The general aims of this study can be placed into four folds:

1. Finding new natural compounds with bioactivities against bacteria in

plants cultivated in Palestine.

2. Assessment of application possibilities of partially purified extracts

containing these compounds.
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3. Determination of their molecular structures, and
4. Determination of bioactivity.

Previous studies of aromatic and medicinal plants grown in Palestine
have resulted in the discovery of new natural products with antibacterial
activities ® and the identification of new antioxidants .°" These findings

encouraged to initiate this work.

Inula viscosa (L.) is a perennial weed, native to the Mediterranean
Basin known in the Palestinian folklore as Tayoon. It grows on hills tops,
damp habitats, and roadsides. Extracts of the plant have been widely used
in folk medicine to treat various diseases such as a diuretic, topical anti-
inflammatic, and haemostatic®. Aqueous extracts of |. viscosa were also

6366 Cohen et al®’ provided

shown to exhibit antifungal activity in vitro
evidence for the antifungal activity in plant of extracts made with organic
solvents, including methanol, ethanol, ethyl acetate, acetone, chloroform,
and n-hexane. Using thin-layer chromatography overlay assays, seven
inhibitory zones against Cladosporium cucumerinum were observed in the
extracts ' In a recent study,” it was found that leaf extracts of Inula
viscosa were highly effective in controlling downy mildew of grapevine,
caused by Plasmopara viticola. Other biological activities of Inula viscosa
include antiulcerogenic effects ®, prevent growth of pathogenic fungi

prevent zygote implantation in mammals ’', and have a strong anti oxidant

activity 7.
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There is also published evidence that Inula viscosa has also

nematicidal/antihelm acologically active compounds ™

including
. . . 75 .
sesquiterpenes, sesquiterpenes acids ", azulenes, lactones, flavonoids, and

essential oils ¢,

Currently, there is no published data on the cytotoxicity and

genotoxicityof |. viscosa leaf extracts.

Inula viscosa was chosen for this study since it is an important plant
in the Palestinian folklore and it has unlimited number of medical
applications. ~ Below are some examples on commercial medical

applications of inula viscosa:

1- Inula head lice: Inula viscosa extract emulsified with olive oil or water

is used in removing head lice and lice eggs.

2- Inula tea: Inula plant boiled in water is used to tract infection treatment,
reduction of blood pressure, prevention of flu and cold, gum disorder

treatment, and toothache treatment.
1.7 Chemical Compounds Extracted from Inula viscosa
1.7.1 Sesquiterpenes

Sesquiterpenes are a class of terpenes that consist of three isoprene

units "’

and have the molecular formula C,;sH,,. Like monoterpenes,
sesquiterpenes could be acyclic or contain rings, including many unique

combinations.
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isoprene

57 1-isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene
58

1.7.2 Terpenes

Terpenes are hydrocarbons with the molecular formulas (CsHs),.
Their building block is the hydrocarbon isoprene "’ and they are classified
according to the number of isoprene units it composing them. Terpenes
are widespread in nature, mainly in plants as constituents of essential oils.
Many terpenes are hydrocarbons, but oxygen-containing terpenes such as

alcohols, aldehydes or ketones (terpenoids) are also found.
1.7.3 Lactones

Lactones are cyclic esters '° which can be seen as the condensation
product of an alcohol group -OH and a carboxylic acid group -COOH in
the same molecule. It is characterized by a closed ring consisting of two or
more carbon atoms and a single oxygen atom, with a ketone group C=0 in

one of the carbons adjacent to the other oxygen.
1.7.4 Azulene

Azulene is an isomer of naphthalene. Whereas naphthalene is
colorless, azulene is dark blue. Its name is derived from the Spanish word

azul, meaning "blue". Two azulenes, vetivazulene (4,8-dimethyl-2-
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isopropylazulene) 59 and guaiazulene (1,4-dimethyl-7-isopropylazulene)
60. , are found in nature as constituents of pigments in mushrooms, guaiac

wood oil, and some marine invertebrates.

9,

4 8-dimethyl-2-isopropylazulene
59

Do,

1,4-dimethyl-7-isopropylazulene
60
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CHAPTER TWO

EXPERIMENTAL

All chemicals were purchased from Aldrich Chemical Company and
used without any purification. Extracted and purified compounds from
Inula viscosa were characterized by '"H NMR, "*C NMR, GC/MS and
LC/MS. Nuclear Magnetic Resonance Spectra were recorded on Varian
Gemini 2000, 300 MHz instrument, Gas Chromatography mass &

spectrometry were recorded on Perkin Elmer 560D.

All '"H NMR experiments were reported in unit of parts per million

(ppm) downfield from tetramethylsilane.

All PC NMR spectra were reported in ppm relative to

deuterchloroform (77.0 ppm).

All tests for antibacterial activity were reported in Al-Arabi hospital

lab in Nablus, West Bank, Palestine.

Purification of extracted samples was performed by flash

chromatography on silica gel (100-200) mesh.
2.1 General Procedure for extractions
2.1.1 Requirements of Efficient Extraction

Suitable solvent for extraction of organic compounds from plants
must possess certain properties such as: water insoluble, low boiling point,

medium polarity, and has higher affinity for plants extracts than water,
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2.1.2 Plant Material

As mentioned earlier in the introduction chapter, the plant chosen for

this study was Inula Viscosa known in Palestinian folklore as tayoon.

Plants were collected from hilly areas around Nablus city far from

agricultural lands. It was collected in spring time, and dried in the shade.

2.1.3 Preparation of the Collected plants for Extraction

The dried material was ground and suspended in ethyl acetate. The
produced suspension was mixed using mechanical mixer for about 48 h.
Another method of extraction was also tried which is soxhlet extraction. In

this method ground plant was extracted with ethyl acetate for about 24 h.

Produced solution was dried over magnesium sulfate and

concentrated under reduced pressure at 50 °C using rotary evaporator.

2.2 Evaluation of Concentrate by Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is an extremely useful technique
for chemist in particular. TLC is an inexpensive, simple, rapid technique
used to determining the number of components present in solution and
helps in finding a suitable solvent for separating the components by flash

chromatography as well as for monitoring reactions progress.

Several combinations of solvents of increasing polarity were
evaluated as mobile phase in TLC to determine the number of compounds

in Inula viscose extract. The solvents combinations were: hexane (100 %),
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ethyl acetate/ n-hexane (3:7), ethyl acetate /n-hexane 1:1), ethyl acetate/n-
hexane (7:3), ethyl acetate (100%), ethyl acetate/methanol (9:1). This
study concludes that all of these solvent combinations are required to
separate Inula viscosa extracts into pure components by flash

chromatography.

2.3 Separation of Extract by Flash Chromatography
2.3.1 Flash Column Chromatography

Flash chromatography is very useful techniques for separating
mixture of organic compounds into pure components.
It was performed by using a column with dimensions of 60 cm in length
and 3.0 cm in diameter packed with silica gel 60 (230-400 mesh) purchased

from Aldrich chemical company

The Inula viscosa extracts were loaded into the column as a solid
mixture with some silica, which was prepared by suspending the mixture of
about 5.0 g silica gel and 20 ml ethyl acetate, then ethyl acetate was
removed under vacuum using rotary evaporator. The separation was started
with pure hexane (low polarity) then the mobile phase polarity was
increased gradually as follows: pure hexane, then hexane containing 20%
ethyl acetate, then ethyl acetate was increased to 40%, then pure ethyl
acetate was used and finally the column was flushed with ethyl acetate

containing 10% methanol.
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Table (2.1): A summary of the separated fractions from Inula viscose
extract (about 10.0 g):

Fraction Mobile Phase Fraction
Hexane (%) | Ethyl acetate (%) | weight (g)

! 80 20 2.0

2 60 40 22

3 0 100 25

4 0 90" 2.0

* Ethyl acetate contains 10% methanol.

All separated fraction were subjected to analysis by LC/MS.
Fractions 1 to 3 were mixture of several components as shown in the results
and the discussion part (chapter III) in addition they showed no bioactivity
as shown in the next section (2.4). However, LC/MS results showed that,
fraction 4 is a combination of two compounds that showed antibacterial
activity. One of the two components of fraction 4 is also present in fraction
3. In order to determine the component that is responsible for the
bioactivity, fraction 4 was subjected to fractionation by flash
chromatography. The first eluent (Component 1) was eluted with ethyl
acetate (minor) while the second eluent (component 2) was eluted with
ethyl acetate containing 10% methanol. LC/MS results showed that
component 1 is the one that is present in fraction 3. Since, fraction 3 is not
bioactive; we believe the bioactivity of fraction 4 comes from component
2. So attention was turned to component 2 of fraction 4 and complete

spectroscopic analysis was performed on it to determine its exact structure.
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"H NMR of component 2 of fraction 4; compound (61)

CDCl; 8 (ppm): 3.8 (s, OCH;), 3.83 (s, OCHs), 6.18 (d, J, 2 Hz, C-
5H), 6.45(d,J, 2 Hz C-7 H), 6.93 (d, J, 9 Hz, C-2’ H), 7.55 (dd, J, 2 and
9 Hz), 7.62 (d, J=2Hz) doublet, 9.95 ( bs, C4’-OH), 10.85 (bs, C6-OH)
and 12.65 (bs, C4 OH).

BC NMR of component 2 of fraction 4; compound (61)

CDCl; 6 (ppm): 56.37, 60.41, 94.53, 99.53, 104.86, 116.32, 121.45,
138.4, 148.12, 150.13, 156.16, 157.03, 161.89, 164.84, 178.58.

2.4 Evaluation of fractions for Antibacterial Activity
2.4.1 Materials

Culture media: Mueller-Hinton, Tryptic Soy Broth (Hylabs ,Israel)
2.4.2 Microorganisms used

Bacteria strains used in the study were clinical isolates of
Staphylococcus aureus, Escherechia coli, Proteus mirabilis, and
Pseudomonas aerginosa, all of them were isolated from patients suffering
from bacterial infections with the relevant bacteria.

2.4.3 Screening for Antimicrobial Activity

Fractions of Inula viscosa extracts were collected by flash

chromatography and were screened for antimicrobial activity by using the

agar well diffusion method reported in the literature by Perez et al.®”
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. Three colonies of bacteria where transferred to sterile tubes each

containing 5 ml of Tryptic Soy Broth.

. Turbidity of the bacterial suspensions was adjusted to reach an optical

density equivalent to a 0.5 McFarland standard to give a bacterial

suspension of 10.cfu/ml. (cfu: colony forming unit).

. Mueller-Hinton agar plates were inoculated by streaking bacterial swabs

over the entire surface of the plates.

. Plates were allowed to dry at room temperature.
. Six millimeter wells were pushed into the plates.
. Fifty microliters of the four fractions were added into duplicate wells.

. Plates were allowed to stand at room temperature to let the tested

derivative absorbed into the agar, and afterwards, they were incubated at

37 °C for 18 to 24 h.

. Plates were examined for bacterial growth inhibition and zones of

inhibition were measured in millimeters.

Table (2.2): Screening Results (Zone of Inhibition in mm):

(for?:;l;:::l) S.aureus E.coli P.mirabilis | P.aerginosa
! 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 25 0 0 0

2.4.4 Determination of Minimum Inhibitory Concentration Method as
Shown Below”

MIC was determined by broth dilution method as shown below:
1- Two-fold serial dilutions were prepared from fraction 4 in Tryptic Soy

Broth.
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2- Duplicate tubes of each dilution were inoculated with 5*10 of S.aureus.
3- All tubes were incubated at 37°C for 18 to 24 hours.
4- The highest dilution of the drug that resulted in inhibition of bacterial

growth was considered as the MIC.

Table (2.3): MIC results of fraction 4

Conc.(mg/ml) Fraction 4
10 -ve
5 -ve
2.5 -ve
1.25 -ve
0.625 -ve
0.3125 -ve
0.15625 -ve
0.078125 -ve
0.039063 -ve
0.019531 +ve
Positive Control +ve
Sterility Control -ve

Bacterial growth (positive: +ve) or (negative: -ve)

Table (2.4): MBC results for S.aureus bacteria:
Fraction 4 MIC(mg/ml) MBC (Mg\ml)
4 39 78
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CHAPTER THREE

Results and Discussion

3.1 Analysis of the separated fractions

In this study, a comprehensive analysis was performed on tyoon
extracts. Number of constituents and complete structure determination of

at least one of the components was performed.

Tayoon was collected from areas in Nablus, Palestine, dried in the
shade and grounded. Sample of dried and ground tayoon plant (about 500
g) was extracted with ethyl acetate. The extracts were concentrated in
vacuo to afford about 30 g of extract. Another sample of tyoon was
extracted with ethanol. Again the extracts were concentrated in vacuo to
afford about 15 g of extract. The extracts of the two solvents were
analyzed by HPLC and GC/MS. In the HPLC analysis, the mobile phase
consists of acetic acid, and the results indicate the presence of phenolic
compounds. Analysis by HPLC didn’t give clear picture about the number
of components present in tayoon. Analysis by GC/MS showed the

presence of about 13 compounds as shown in Figure a2 (Appendix).

The ethyl acetate extract (10.0 g) was fractionated by flash
chromatography on silica gel 120 H using hexane-EtOAc solution of
increasing polarity. Four fractions were separated. The first fraction was
eluted with 20% EtOAc in hexane. Analysis of the first fraction by LC/MS
showed the presence of multi components with very close retention time.

The second fraction eluted with 40% EtOAc in hexane. Analysis of the
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second fraction by LC/MS showed the presence of five components (Figure
a7, page 58, appendix), retention times and molar masses for the five
components are summarized in Table 3.1.

Table (3.1): LC/MS Analysis Results of Fraction 2

Component Retention Molar
Time (min) Mass

1 0.55 392

2 1.27 253

3 1.49 294

4 1.74 409

5 2.40 584

3.1.1 Fraction Three

Analysis of Fraction 3 by LC/MS showed the presence of several
components at low concentrations. No further work was performed on this
fraction except for its biological activity against certain bacteria which was

evaluated (see section below)
3.1.2 Fraction Four

Analysis of the fraction four by LC/MS showed the presence of two
components (Figure 3a, Appendix), retention times and molar masses for
the two components are summarized in Table II1.2. Component 2 was the
major product.

Table (3.2): LC/MS Analysis Results of Fraction 4

Component Retention Molar
time Mass

1 1.22 331.9

2 1.29 347.9
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Fraction 4 was subjected to purification by Flash chromatography;
component with relatively high concentration was collected and analyzed
by '"H NMR and C NMR. The results are consistent with the structure
shown in Figure (3.1). The proposed structure was confirmed with that

79, 80

reported in the literature. The compound was identified to be 3,3°-di-

O-methylquercetin (61).

61

3,3'-di-O-methylquercetin

(Fig. 3.1)

The 'H NMR of the major component of fraction four exhibits the
following signals (Figure II1.2): two methoxy singlet C-2 and C-3’ at 6 3.8
ppm and 3.83 ppm respectively, doublet C-5 H at 6.18 with coupling
constant of Js;= 2 Hz, doublet C-7 H at 6.45 with coupling constant of
Js7=2 Hz, doublet C-2’ at 6.93 with a coupling constant ofJs¢= 9Hz,
doublet of doublet at 7.55 with coupling constants of Jg »=2 and Jg5=9 Hz,
doublet 7.62 with a coupling constant of 2Hz, broad singlet C4’-OH at
9.95, broad singlet C6-OH at 10.85, and broad singlet C4 OH at 12.65.
The high desheilding of C4-OH could be attributed to intra H-bonding
between B-hydroxyl group (C4-OH) and the carbonyl group as shown in
Figure 11.2.
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Fig. (3.2): The following figure shows the intramolecular H-bonding
between B-hydroxyl group (C4-OH) and the carbonyl group
OH

61

(Fig. 3.2): 'H NMR of major component of fraction 4 of |. Viscosa:




Fig. (3.3): '"H NMR of major component of fraction 4 of |. Viscosa, Showing the
coupling constants between major peaks:

Analysis of 3,3’-di-O-methylquercetin (61) by °C NMR showed the

presence of 15 peaks (figure I11.4), they are summarized in table I1.3



38

248798

ot 09

1116 | a—

L52 66—

198 POT

FATAE181

0z ureb  osug IUBALOS
052 duay z ne aiEp
WIDIdE Lo “ww*“n{wmm Wha

40-2-£4-05-41001 fed L
- P e e
E2° 07 E00Z 0N/ 1 POINE/BIBR/ S ASIMUA AN | bR/ BUOU/ 1AI0I3BLP UO|IBBOINY

[%2}
o
[S]
[%2]
| —
| | | = St
5 5 ! = =
» w 1 | o
s = @ mr | = H en
w - o - B
s s g2 Li 23 =
: @ e i
ke = b o @ <)
= = e o
= b
2
]
d S
=]
o =
0021 Jup - >}
sE smdp =
ud apa e A wup o
21 us  ARK wp
ZEPE sA D s0p (=9
0 28 TH up
0s2Z om ¥374Nn0330 m
1074 082" ¢ md
6°ELl- 4L €9 amdy =)
€ 8ET di 0801 il 1>
] did 1227001 b3S
b LEbT Lis €10 ul S
s YILLTMSNYHL o
v ooooz 32
00002 w op—
000° 1 w ]
b9 sq
00ET a4
92828 du
00E"1 1w i
8" psive ms 0
NOILISINOOY
s9v14 P14 10 uoQIEY
ooo"o0l BILE ~ U ~E4-05-L1007~ R
005°pT 06md ~J0-2-£4-06-£100T-u
200°0 184 ~0/WPS/2108/SASINUA
pesn jou upds ~/dnyLem/awoy/ @)t
[a0)
-

4)

Fig. (3.



39

Table (3.3): Summary of the BC chemical shifts of 3,3’-di-O-
methylquercetin (61):

Chemical Shift
o (ppm)
56.37 C-3° OMe
60.41 C-2 OMe
94.53 C-7
99.53 C-9
104.86 C-2
116.32 C-5
121.45 C-1
138.40 Cc-4
148.12 C-3
150.13 C-2
156.16 C-1
157.03 C-8
161.89 C-4
164.84 C-6
178.58 C-3

3.2Antibacterial Activity

As mentioned earlier, four fractions were separated from I. Viscosa
using flash chromatography technique. Fractions of components were
evaluated for their antimicrobial activity against four types of bacteria: S.
aureus, E. coli, Proteus mirabilis and Pseudomonas aeruginosa.These
bacterial strains were clinical isolates; all of the strains were isolated from

patients suffering from bacterial infections with the relevant bacteria.
3.2.1 Screening Results

Fractions, separated from Inula Viscosa extracts, were screened for
antimicrobial activity using the well known diffusion method reported in

the literature by Perez et al®?, the efficiency of the drug was measured by
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the zone of inhibition in millimeters of the bacteria cultured on the
Mueller-Hinton agar plate. The results are summarized in Table IILS. As
can be seen in Table 5, all four fractions were inactive (zones of inhibition
were zero), for E. Coli, Proteus mirabilis, and Pseudomonas aeruginosa.
However, fraction four showed antimicrobial activities against S. aureus,
others fractions 1, 2 and 3 showed no activities as shown in table 4, zone of
inhibition for compounds in these fractions were 0 mm. The zone of

inhibition for fraction four was 25 mm.

Table (3.4): Screening Results (Zone of Inhibition in mm):

(lli)r:g/(::l) S.aureus E.coli P.mirabilis | P.aerginosa
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 25 0 0 0

All fractions, except fraction four, were dropped for further
evaluation because they showed zero activities against the four different

types of bacteria studied.
3.2.2 Determination of Minimum Inhibitory Concentration (MIC)

The aim of this test is to determine the minimum concentration of
bioactive material that inhibits the growth of bacteria. Results were
compared to that of triclosan. Both fraction four and triclosan were tested
on clincal isolate S. aureus.”> MIC was determined by broth dilution
method. Two solutions were used to obtain correct results; one is positive

control solution (contains bacteria alone) where bacterial growth always
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positive, another is sterility control solution (contains curcumin alone)

where bacterial growth always negative.

The results obtained from this test are summarized in table II1.5. As
shown in Table 6, MIC of fraction four was about 0.04 mg/mL, which is

almost equal to that of tricolsan (0.025-0.1 mg/mL).*'

Table (3.5): A Summary of MIC Results of Fraction 4

Conc.(mg/ml) Fraction 4
10 -ve
5 -ve
2.5 -ve
1.25 -ve
0.625 -ve
0.3125 -ve
0.15625 -ve
0.078125 -ve
0.039063 -ve
0.019531 +ve
Positive Control +ve
Sterility Control -ve

3.2.3 Determination of Minimal Bactericidal Concentration (MBC)

The concentration of bioactive material that results in a total
inhibition of bacterial growth is known as Minimal Bacterial Concentration
(MBC). This method was applied on fraction four, the results are
summarized in Table 6.

Table (3.6): MBC and MIC results of fraction four against S. aureus
bacteria:

Fraction 4 MIC(mg/ml) MBC (Mg\ml)
4 39 78




42

As shown before, the major component of fraction four was
identified by H' and >C NMR to be 3,3’-di-O-methylquercetin (61). As
mentioned earlier in the experimental part, the antibacterial activity of
fraction 4 could be attributed to 3,3’-di-O-methylquercetin (61). Since
fraction 4 contains two components one on them (minor) is also present in
fraction 3 as shown by LC/MS, however, fraction 3 showed no sign
bioactivities which suggested that this minor component is not the active

one, hence, no further evaluation was done to it.
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