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Abstract

Our work focused on the Quantification, identification and evaluation of antioxidant and

antibacterial activity of extracts and pure compounds of Launeae nudicaulis and Warionia
saharae (Asteraceae ).

The in vitro antioxidant activity was investigated with two different methods: thin layer
chromatography test with B-carotene and DPPH radical scavenging assay. The preliminary
activity screening in TLC allowed us to locate the DPPH scavenging activity in the BuOH,

MeOH and EtOAC extracts which showed that these extracts are rich in phenolic compounds.

The quantitative evaluation of DPPH scavenging activity confirmed that BuOH, MeOH and
EtOAC are the most active extracts .

MeOH extract of Launeae nudicaulis and Warionia saharae showed an important

antibacterial activity against Staphylococcus aureus, Bacillus subtilis and Escherichia coli .

Key words: Launeae nudicaulis , Warionia saharae , Asteraceae , antioxidant , DPPH , beta
carotene , free radical , antibacterial



Résumé

Notre travail a porter sur la Quantification, identification et évaluation de [’activité
antioxydant et antibactérienne des extraits et des composés pures de Launeae nudicaulis et

Warionia saharae (Asteraceae ).

L’activité antioxydante in vitro a été étudieée avec deux méthodes différentes : test sur CCM a
la B-caroténe et technique de réduction du radical libre DPPH. Le criblage préliminaire des
extraits sur CCM a permis de cibler 1’activité antioxydant dans les extrait BuOH, MeOH et
ACOET ce qui révéle la richesse des extraits en composés phénolique. de méme 1’évaluation
quantitative du pouvoir piégeur des extraits vis-a-vis du DPPH confirme que les extraits
BuOH, MeOH et ACOET sont les plus actifs .

L’extrait MeOH de Launeae nudicaulis et Warionia saharae présent une activité
antibactérienne importance contre Staphylococcus aureus, Bacillus subtilis et Escherichia

coli.

Mots clés : Launeae nudicaulis , Warionia saharae , Asteraceae , antioxydant , DPPH , béta

caroténe , radical libre , antibactérienne
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Abbreviation and Symbols

ROS Reactive Oxygen Species
LDL Low Density Lipoprotein
SOD Superoxide Dismutase
Com Compound

uv Ultrat violet

GPx Glutathione Peroxidase

TEAC Trolox Equivalent antioxidant activity
ABTS 2,2 azinobis , 3 ethyl benzothiazoline , 6 , sulphonic acid
TRAP Total Radical Trapping Antioxidant Parameter

ORAC Oxygen Radical Absorbing Capacity

DPPH 2, 2 Diphenyl -1 - picrylhydrazyl radical
HAT Hydrogen atom transfer
ET Electron transfer

FRAP Ferric Reducing Antioxidant Power
CHCl; Chloroform

CH3CO,H Acetic acid

MeOH Methanol

TLC Thin layer chromatography

EtOAcC Ethyl acetate

Rf Retention factor

IR Infrared

LN Launeae nudicaulis
WS Warionia saharae

8

Chemical shift in ppm



S Singlet

d doublet

m multiplet

t triplet

AA Antioxidant activity

'H NMR  proton nuclear magnetic resonance

3C NMR carbon nuclear magnetic resonance
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Introduction

Plants have always been a major source of drugs. Today a majority of the world population,
particularly in developing countries, can be treated only with traditional herbal remedies.
Aspirin Taxol, the modern pharmaceutical industry itself still relies heavily on the diversity of
plant secondary metabolites to find new molecules with novel biological properties. This
source seems inexhaustible since only a small portion of the 400,000 known plant species
were investigated on phytochemical and pharmacological plans and that each species can be
up to several thousand individual components.

As part of the research activities of biological molecules or new plant, so it is best not to base
the choice of plants to study on chance alone, but to define it according to various criteria.
The most used is that of employment in traditional or folk medicine that enhances the
experience accumulated by different generations.

In this work, we initially interested in validating the use of traditional medicine of two
medicinal plants from asteracea familly: Launaea nudicaulis and Warionea saharae, which
have valuable pharmacological properties, through their use in traditional medicine . These
medicinal properties have been explained, at least in part, by the presence of natural bioactive
substances in the secondary metabolites. Thus guided fractionation activity of two plants fee
allowed the isolation of some compounds as they may be responsible for antioxydantl
activity.

A liquid chromatography analysis was used in our laboratory to solve problems in the
separation of products that do not show well with chemical indicators or trace in the extracts
of two plants.

The choice of these two plants was guided partly by the traditional use indications, and
secondly that Launaea nudicaulis and Warionia saharae have been the subject of little
chemical and biological investigation.

We present our work in two parts composed of four chapters:

Part A: Focus bibliographical on the Asteracea family : case of Launaea and Warionia genus
(Chapter 1) and the polyphenol compounds : nature and importance (Chapter II).

Part B presents our personal work, devised in two chapters:

First we discuss in Chapter IlI, materials and methods: Phytochemical screening ,
chromatographic and extraction conditions.

The second chapter presents the essential core of our work on the result and discussion of

antioxidant activities and new biomolecules (flavonoids) responsible of these activities.

-1-



Chapter I

Asteraceae family in Saharan flora : case of

Launeae and Warionia genus
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CHAPTER 1 : ASTERACEAE FAMILY IN SAHARAN FLORA : CASE
OF LAUNEAE AND WARIONIA GENUS

Natural products have served as an important source of drugs since ancient times and about
half of the useful drugs today are derived from natural sources. Chemo diversity in nature,
e.g. in plants, microorganisms and marine organisms, still offers a valuable source for
novel lead discovery.

The family Asteraceae or Compositae (Asteraceae or Compositae) is an important family of
flowering plants. They have the common characteristic of having flowers gathered in heads.
The two species selected for this study are widely used by the local population in the

treatment of several diseases. They are endemic medicinal plants of the Sahara.

1- Asteraceae

The family of Asteraceae or , alternatively , compositae , known as the aster , daisy or
sunflower family , is one of the largest angiosperm families of a taxon of dicotyledenous
flowering plants . It comprises about 1400 genera and more than 25000 species of herbaceous
plants , shurbs , and trees , spread throughout the world , and classified over three subfamilies
and 17 tribes [1-7].The composite nature of the inflorescences of these plants led early
taxonomists to call this family compositae. Though diverse habits and habitats, composites
tend to grow in sunlit places, in temperate and subtropical regions . Some Asteraceae plants
can share these following characters:

v Various members of the aster family are familiar species in natural habitats , while
others are cultivated plants in gardens and some are grown as food ( lactuca sativa )
(lettuce ) , and cichorium ( chicory ).

v' Many members of Asteraceae are pollinated by insects , which explain their value in
attracting beneficial insects . Many members of Asteraceae are copious nectar
producers and are useful for evaluating pollinator populations during their bloom.
centuarea cyanus , helianthus annus and some species of solid ago are major honey
plants .

v' Some species in the aster family have anatomical mechanisms of attaching their seeds
to the fur of mammals, for the purposes of dispersal.

v Phytochemically , species of asteraceae biosynthesize many several metabolites such

polyfructanes as storage carbohydrates as opposed to polysaccharides , in the
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perennial taxa . In some taxa , some segments of the family accumulate polyacetylenes

, flavonoids , various alkaloids and terpenoids essential oils , but iridoids have never
been found [6-8]

v' Plants in Asteraceae are medically important; sesquiterpenes compounds obtained

from them are responsible for allergic contact dermatitis. More than 4000 structures

with around 30 different skeletal types have so far been reported from several tribes of

this family.

1.1-  Morphological and characteristics of Asteraceae

All plants belonging to the Asteraceae family can share the following characteristics
according to Judd [9-13]

v

The inflorescence is an involucrate capitulum , technically called a calathid or
calathidium , but generally referred to as flower head , which is contracted raceme
composed of numerous individual sessile flowers , called the florets , all sharing
the same receptacle .

The flowers are of two basic types: tubular actinomorphic corollas and those with
strap shaped or radiate zygomorphic corollas, often with the same head. Either
type may be bisexual or unisexual.

The calyxes (sepals) of the florets are modified to form a pappus, a tuft of hairs,
which often appears on the mature fruit.

Anthers are syngenesious with the stamens fused to gether .

Leaves and stems very often contain secretory canals with resin or latex
(particularly common among the Cichorioideae). The leaves can be alternate,
opposite, or whorled. They may be simple, but are often deeply lobed or otherwise
incised, and conduplicated or revoluted. The margins can be entire or dentate.

The fruit of Asteraceae is a specialized type of achene sometimes called cypsela.
One seed per fruit is formed. Its morphology is often used to help determining
plant relationships at the genus and species level. The seeds usually have little or

lack endosperm.

1.2- Importance of Asteraceae family

The biodiversity of metabolites products isolated from Asteraceae makes this family have an

important commercial source. Some Asteraceae plants are used as herbs and herbal tea such

as:
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e Chamomile, which comes from two different species, the annual Matricaria recutila
and the perennial Chamaemelum nobile, also called Roman chamomile.
e Calendula (Calendula arvensis), also called the pot marigold, grown commercially
for herbal teas and the potpourri industry.
e Echinacea (Echinacea purpurea) used as a medicinal tea.
The industrial use of Compositae is also known. Common in all commercial poultry feed,
marigold (Tagete spatula) is grown primarily in Mexico. Marigold oil, extracted from Tagetes
minutais used in the metric ton in the cola and cigarette industry [14-19].
Several species of this family are used as natural remedies; such as:
v" Anthemis arvensis L. the whole plant is used as anti-inflammatory, emetic, and
sedative.
v' Artemisia arborescens L. The flower is used as digestive, stimulant, expectorant.
v Calendula arvensis L. The flower and leaf are used as antispasmodic, burns, diuretic,
Disinfectant and vulnerary.
v Cichoriumin tybus L. The leaf and root are used in blood purification, as
arteriosclerosis, anti-arthritis, anti-spasmodic, digestive, hypotensive, aperitif, and
laxative.

v Helychrysum microphyllum Willd. The flower and leaf were used as an expectorant.
1.3-Description of the genus launeae cass.

The plant family Asteraceae( Compositae ) comprises of a large number of specices that have
been and are still used as medicinal plants , particularly in folk medicine and used as food.

Launeae Cass.is a small genus of the family Asteraceae , the genus consists of 54 species , of
nine which are presented in the flora of Algeria and mainly distributed in the South
Mediterranean ,Africa and South West Asia [20] . They are perennial to annual herbs, small
shrubs or sub shrubs. Many of its plants are used in folk medicine as bitter stomachic for
treating diarrhea , gastrointestinal tracts , as anti-inflammatory , for skin diseases , treatment
of infected wounds , hepatic pains , children fever , as soporific , lactagogue , diuretic and as
insecticidal. Additionally , crude extracts of some species have been reported to exhibit
antibacterial , anti - parasitic , antioxidant , cytotoxic , neuro pharmacological and insecticidal
activities [21-23].
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According to classification system on flowering plants , the classification hierarchy of the

genus Launeae can be tracked as follows :

- Kingdom : Plantae

- Division : Angiosperm
- Class : Eudicots

- Subclass :Asterids

- Order  :Asterales

- Family : Asteraceae
- Subfamily :Cichorioideae

- Tribe : Lactuceae (Cichorieae)

Sub-tribe : Sonchinae

Genus : Launeae

The genus Launeae Cass. belongs to the tribe Lactuceae of the Asteraceae family and
contains about 54 species , most of which are adapted to dry, saline and sandy habits . Plants
of this genus have several rows of stems , hairless leaves incised into lobes that are
themselves lined with white teeth , membranous scales on the edges , yellow ligules , and

elongated chain , prismatic or slightly flattened.

The genus Launeae is represented in the flora of Algeria by nine species including five
endemics of North Africa : L. angustifolia , L. quercifolia and L. cassiniana are the endemic
plants of the North Africa , with limited distribution , whereas L. acanthoclada and L.
arborescens are two endemic plants of the north —west of Africa . The other four species L.
nudicaulis and L. residifolia sprout in Algeria and Tunisia Mediterranean Sea , whereas L.

glomerata and L. mucronata grow in the Saharan Atlas [17] .

Three of this species are used in Algerian Sahara ethnopharmacopea as medicinal plants ,L.
nudicaulis, L. residifolia and L. arborescens, which are endemic to south west Algeria and

south east Morocco [17].

a- Ethnopharmacology and bioactivity of the genus Launeae Cass.

Algeria with its large area and diverse climate has a varied flora, which is a source of rich and
abundant medical matter and, in particular, Sahara part constitutes an important reservoir of

many plants which have not been investigated until today [16].
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Among the flora , some Launeae plants have been used in the traditional medicine .Species of
the genus Launeae are widely applied in traditional folk medicine throughout their areas of
distribution . Many of them are used in folk medicine as bitter stomachic , anti tumor ,

insecticides and against skin diseases [17].

Launeae nudicaulis (Vernaculer name : Reghama)is a glabrous, perennial herb with
cylindrical heads, spaced along the branches , branched stem of 10 — 30cm , with narrow
chain .It is used in the traditional medicine to treat gastric burns , pain of stomach |,

constipation , to relieve fever for children , in the treatment of itches of skin and eczema.

More than 4000 sesquiterpenoids structures with around 30 different skeletal types have so far
been reported from several tribes of Asteraceae family including the Cichorieaceae tribe .
These natural compounds are responsible for allergic contact dermatitis and exhibit a wide
range of bioactivities which include plant growth regulation and antimicrobial activity. Also
they are used as schistosomicial and insect feeding deterrent agents. In addition, they provoke

the toxicity for certain cancer cell lines [17].

On the other hand , triterpenoids and flavonoids chemio-characteristic of Asteraceae family ,
including the Launeae genus , have been reported to have anti-inflammatory activities , anti-
hyperlipidemia , hepato -protection , antioxidant , cyto-protective , giving protection against

cardiovascular disease , and certain forms of cancer .

Antibacterial, antifungal and allelopathic potential activities have been proven of many
species of Launeae. in an antibacterial assay against Bacillus subtilis the extracts of Launeae

nudicaulis and Launeae residifolia showed 18.5 and 20.5 mm zones of inhibition .

The antibacterial activity of extracts from Launeae Arborescens and Launeae nudicaulis
which are widely distributed in the south west of Algeria .The methanol extract of the aerial
part of Launeae nudicaulis showed high activities against Candida albicans , Escherichia
coli, Staphylococcus aureus and Pseudomonas aeruginosa .The highest inhibition observed in
Staphylococcus aureus, a human pathogen , explains the use of this plant against a number of

infections for generations [2, 16]. .
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b- Secondary metabolites isolated from the Saharan Launeae genus

The first work in phytochemistry on species of the genus Launeae was started by Prabhu and
Venkates warlu in1969, when they were isolated from leaves and roots of Launeae

pinnatifida two compounds Taraxasterol(Com 01)and Taraxerly acetate (Com 02)

Five years after , in 1974 , Bahadur and Sharma reported the presence of palmitic , stearic,

oleic and linoliec acids from the roots of Launeae nudicaulis.

Different secondary metabolites have been identified from the genus Launeae. Also, few
sesquiterpene lactones have been reported from various species of this genus and the

occurrence of flavones glycosides is remarkable [29] .

Detailed chemical investigation of Launeae nudicaulis yielded some triterpenes such as
taraxasterol (Com 01) ,

Two new ursine type triterpenes , nudicauline A (Com 13), and nudicauline B (Com 14 ) have
been isolated from the aerial parts of this species , along with olean - 1 1 ,13(18)-diene (Com
15), 3B - hydroxyl - 13(28) - epoxy - urs - 1 | —ene (Com 16 ) and 3 - keto - 13(28) - epoxy -
urs-11-ene (Com 17),

Additionally , flavone glycosides were reported from the 70% EtOH extract of fresh sample
of Launeae nudicaulis as apigenin - 7 - O — glucoside (Com 03) , luteolin - 7 - O — glucoside
(Com 05) , luteolin - 7 -O — rutoniside (Com Q7), apigenin - 7 - O — gentiobioside (Com 04) ,
luteolin - 7 - O — gentiobioside (Com 06) and three glycosides luteolin - 7, 3' diglucoside
(Com 10), luteolin - 7' ,4' — diglucoside (Com 08) and luteolin - 7 - O - gentiobioside - 4' - O —
glucoside (Com 09). Moreover , two common coumarins , esculetin (fig 11) and cichoriin
(Com 12).

Recently , ethyl acetate soluble fraction of methanolic extract of Launeae nudicaulis was
subjected to chromatographic purification to get four new compounds including a quinic acid
derivative Cholistaquinate (Com 19) , a flavone glycoside Cholistaflaside (Com 18).
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H
R,0
HO
(Com0l): R=aH,pOH (Com03) : R,=Glc
(Com02):R= aH, pOAc (Com 04) : R= Apg

(Com05) : Ry=Glc, R=H ,R3=H

(Com06) : Ry=Gen, R,=H ,R3=H

(Com 07) : Ry=Rut, Ry;=H ,Rs=H

(Com 08) : Ry =Glc, Ry= H ,R3=Glc
(Com 09) : Ry=Gen, R,=H ,R3=Glc
(Com 10) : Ry = Glc, R,= Glc ,R3=H

(Com11): Ry=0OH, R,=0H (Com 13): R=OH (Com 15)
(Com12) :R;=0OH,R,=0-Glc  (Coml14): R =Ac
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(Com 16): R=oH, BH
(Com17): R=0O (Com 18)

oH o OMe
HO
X
\
OH
OH
(Com 19)

Figure 1.1: Some secondary metabolites isolated from the genus Launeae Cass

1.4-Description of the Genus Warionia Benth&Coss.

Warionia Benth. &Coss. is a monotypic genus of Asteraceae ,endemic to the northwestern
edge of the African Sahara desert. The species Warionia saharae Benth.& Coss., known by
the vernacular name of “afessas” or “abessas”, may be found in several localities on dry shale
in northwestern Africa, in Morocco and Algeria. This is a thistle-like aromatic plant, with
white latex and pinnately partite, somewhat fleshy leaves. The capitula are homogamous with
tubular corollas, the anthers are caudate, and the style branches are dorsally covered by acute

collecting hairs extending somewhat below the branches bifurcation. [30].

One peculiarity of this plant is the penetrating odor that some people find unpleasant, given

by the glandular hairs in the epidermis of the leaves at the slightest contact. [30].
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According to classification system on flowering plants , the classification hierarchy of the
genus Warionia can be tracked as follows :

- Kingdom : Plantae

- Division : Angiosperm

- Class : Decotyledon

- Subclass :Asterids

- Order : Asterales

- Family : Asteraceae

- Subfamily :Cichorioideae

- Genus : Warionia

Warionia saharae Benth & Coss. (local name Efessas or Kabar Lemiaiz) a genus of the
family Asteraceae, is an endemic herbaceous medicinal plant represented by only one species
which is widely distributed in the south west of Algeria and south east of Morocco .[31]

a- Ethnopharmacology and bioactivity of the genus Warionia .

The plant Warionia saharae is considered to have medicinal properties mainly by its essential
oils. Decoction of dried leaves is used as anti-rheumatic and against epileptic crisis. Crude
extracts of the plants showed antibacterial and cytotoxic activities against a cancer cell line
[30].

The aerial part of this plant was used in Sahara folk medicine for treating gastrointestinal

tracts, icter and as anti-inflammatory .[31]

b- Secondary metabolites isolated from the Saharan Warionia Genus

An earlier phytochemical study on Warionia saharae focused on the main components of the
essential oils and led to the isolation of eudesmol , linalool and nerolidol [31] . Other
investigations from Morocco of this species, reported the presence of sesquiterpene lactones
with guaianolide skeleton type and their cytotoxic and anti-inflammatory activities [31,32] .

The phytochemical studies of the chloroform and ethyl acetate soluble parts of the aqueous -
EtOH extract of the aerial part of Warionia saharae collected during the flowering phase , in
the southeast of Algeria give ten compounds including : B - sitosterol as a major component

(Com 20) , a mixture of f - sitosterol and stigmasterol (Com 22 ), scopoletin , esculetin (Com
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21) , cirsimaritin ,chrysoeriol , hispidulin, luteolin (Com 24) , taxifolin (Com 23) and

quercetin (Com24)

(Com 21) (Com 20)

R=H : Esculetin , R= CHj3. Scopoletin

(Com 22) (Com 23)
OH

OH

HO

OH
HO

(Com 24)

Figure 1.2: Some secondary metabolites isolated from the genus Warionia

The family Asteraceae has a great importance due to its ethnobotanics, phytochemistry and
biological activities, and it is a promising source of various secondary metabolites including
terpenoid, saponin and flavonoids. Some of these isolate compounds have been found to
exhibit various biological activities. We have attempted to show the high biodiversity of

metabolite products generally isolated from this family.
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CHAPTER 2 : THE POLYPHENOLS COMPOUNDS : NATURE AND
IMPORTANCE

2.1-Polyphenols

Phenolic compounds represent a large group of molecules with a variety of functions in plant
growth, development, and defense. Phenolic compounds include signaling molecules,
pigments and flavors that can attract or repel, as well as compounds that can protect the plant
against insects, fungi, bacteria, and viruses. Most phenolic compounds are present as esters or
glycosides rather than as free compounds. Tannins and lignin are phenolic polymers. Tannins
are used commercially as dyes and astringents, and lignin accounts for structural rigidity of
cells and tissues and is essential to vascular development. From this brief overview it is

apparent that phenolic compounds make up a large and fascinating family.

2.2 - Nature of polyphenol

Polyphenols are wide and complex group of secondary plant metabolites [10-12] . So far, over
8000 compounds have been identified . Structures of the compounds range from simple
molecules such as phenolic acids, to highly polymerized compounds like proanthocyanidins .
Polyphenols are essential for the physiology of plants , having functions in growth, structures
, pigmentation , pollination , allelopathy and resistance for pathogens , UV radiation and
predators [22, 23] , in addition , sensory qualities of plant foods and beverages , such as

astringency and bitterness are related to their polyphenol content [22, 24]

In nature, polyphenols occur primarily in conjugated forms with one or more sugar residues
attached to hydroxyl groups [22, 24, 25] conjugation increase the polarity of the molecules ,
which is necessary for storage in plant cell vacuoles . The most common sugar residue is

glucose, and residue can be in the form of monosaccharaides or oligosaccharides.

In plant, polyphenols are relatively resistant to heat oxygen, dryness and to some extent also
to acidity, but the sensivity to light differs according to their chemical structure [22, 25 ,26]

They arise biogenetically from two main synthetic pathways, the shikimate pathway and the

acetate pathway [23,28]
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According to Harborne [23, 28 ], polyphenols can be divided into at least ten different classes
depending on their chemical structure . Table 11.1 illustrates the basic chemical structures of

the main polyphenolic compounds.

Table 11.1: The basic chemical structures of the main polyphenolic compounds

Class Basic skeleton Basic structure
Cs

Simple phenols @—OH

Benzoquinones Ce

Phenolic acids Ce-Cq O
COOH

Acetophenones Ce-C2
<j%cocr|3

Cs-Cy

Phenylacetic acids Q— CH,COOH
Cs-Cs

Cinnamic acids @—CH: CH—COOH
Ce-Cs

Phenylpropenes Q— CH;—CH=CH,

Coumarins ,
0

isocoumarins

Ce-Cs o
Chromones @
0

Ce-C4
Naftoquinones
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9)
Xanthones Ce- Cr Co O |

o
Stilbenes Ce- C2- Cs O

U

Anthraquinones Ce- C2- Cs o

O
Flavonoids Ce-Cs-Co
Lignans , neolignans (Cs Ca)2
Lignins ( Cs C3)n

2.3 -Function and distribution in plants

Phenolics and polyphenolics are essential to the plant’s physiology .Several functions of
compounds in plants have been proposed or demonstrated. Plants have evolved to produce
flavonoids to protect against damage by UV- B light, fungal parasites, herbivores, pathogens
and oxidative cell injury. They are also plant hormone secretion controllers and enzyme
action inhibitors . In food phenolic may play important roles as natural colorants and in their

flavoring of compounds. [29]
2.4- Classification of Polyphenols
2.4.1- Phenolic Acid

Phenolic acid are widely distributed in cereals and legumes. They act as free radical
terminators .Phenolic antioxidant act to inhibit lipid peroxidation by trapping the peroxyl
radical. This radical abstracts a hydrogen atom (or electron after prior less of a proton). From

the antioxidant to yield a phenoxyl radical [33]
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In plant, free phenolic acids occur as substituted benzoic and cinnamic acid derivatives [33,
34]. Phenolic acids constitute a group characterized by the presence of carboxylic group .
Common phenolic acids are gallic acids, vanillic acids, p. coumaric ,ferulic and sinapic
acid [36].

o OH o OH o OH O OH o OH
= = =
HO OH OMe MeO OMe OMe
OH OH OH OH OH

Gallic acid Vanillic acid Sinapic acid Ferulic acid p - coumaric acid

Figure 11.1 : Molecule structure of some phenolic acids
2.4.2 - Tannins

Tannins are compounds of intermediate to high molecular weight .Tannins with a molecular
mass of up 30,000 DA have been found in carob pods ( leguminosae ) [30].Tannins are highly
hydroxylated molecules and can form insoluble complexes with carbohydrates and protein .

The term tannin comes from the tanning capacity of these compounds in transforming animal

hide into leather by forming stable tannin protein complexes with skin collagen [30, 37]

Plant tannins can be subdivided into two major groups : hydrolysable tannins , condensed
tannins . A third group of tannins , the phloro tannins , are found only in marine brown algae

and are not commonly consumed by humans [30,37]

2.4.3- Flavonoids

Flavonoids represent the most common and widely distributed group of plant phenolics .their
common structure is that of diphenylpropane ( Cs C3- Cs) and consist of two aromatic rings
linked through three carbons that usually form an oxygenated heterocycle (Figure 11.2
represent the basic structure and the system of used for carbon numbering of the
flavonoid nucleus) .Biogenetically , the A ring usually comes from a molecules of resorcinol

or phloro - glucinol synthesized in the acetate pathway whereas the B ring is divided from the

-15-
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shikimate pathway [30, 41] Flavonoids occasionally occur in plants as aglycones , although

they are most commonly found as glycoside derivatives . [30]

Figure 11.2 : Basic structure and numbering system of flavonoid

a- Classification of flavonoids

According to the modifications of the central C ring they can be divided into different
structural classes including flavonols , flavones , flavan - 3ols , flavanones , isoflavones and

anthocyanidins .[41]

0 o el

Basic structure of flavonols Basic structure of flavan -3 - ol

5 4
(@] @
@ C
(@]
Basic structure of flavanones Basic structure of isoflavones

Figure 11.3 : Structure of the main flavonoid subgroups
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1- Flavonols

The flavonols are the most widespread of the flavonoids in plant food. They vary in color

from white to yellow and are closely related in structure to the flavone. They are represented

mainly by quercetin ,kaempferol and myricetin . [37]

OH O

Basic structure of flavonols Kaempferol Myricetin
OH

OH
HO o @
1]

OH

OH
OH OH
0 @ HO o @ HO o @
OH
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Figure 11.4 : Molecule structure of flavonols

Flavones are structurally very similar to flavonols and differ only in the absence of

hydroxylation at 3 position on the C ring .Flavones are mainly represented in the diet apigenin

and lutoelin which are mainly found in vegetables such as celery , sweet red pipper , citrus
fruits and herbs . [37]
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Figure 11.5 : Molecule structure of flavones
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3 - Flavan 3-ols

Flavan 3-ols represent the most common flavonoid , they are structurally the most complex
subclass of flavonoids ranging from the simple monomers( + )-catechin and its isomer (-
)-epicatechin to the oligomeric and polymeric proanthocyanidins which are also known as

condensed tannin [37,42]

OH
OH
Basic structure of flavan -3 - ol Catechin

Figure 11.6 : Molecule structures of flavan-3-ols

4 - Flavanones

Flavanones are characterized by the presence of a keto group at C4 and the absence of 2- 3
double bond .Flavanones have a center of asymmetry at C2 giving two stereocisomers which is
of crucial importance of some biological activities . The most common flavanones are

naringenin , eriodictyol and hesperitin [37, 46].
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Figure 11.7 : Molecule structures of flavanones
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5 - Isoflavones

In contrast to most other flavonoids , isoflavones are characterized by having the B ring
attached at C3 rather than the C2 position . They have a very limited distribution in the plant

kingdom [37]. The most common isoflavone are genistien and diadzien [30]
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Figure 11.8 : Molecule structures of isoflavones
6 - Anthocyanidins

Anthocyanidins are water soluble plant pigments and are particularly evident in fruit and
flower tissue where they are responsible for a diverse range of red , blue and purple colors .
They occur primarily as glycosides of their respective aglycone. Anthocyanindin
chromophores, with the sugar moiety typically attached at the 3 position on the C ring or the 5

position on the A ring [37]

Pelaraonidin Cvanidin Malvidin

Figure 11.9 : Molecule structures of anthocyanidins
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b - In vitro antioxidant activity of flavonoids
Flavonoids can prevent injury caused by free radicals by the following mechanisms:

Direct scavenging of reactive oxygen species (ROS) ,
Activation of antioxidant enzymes ,

Metal chelating activity ,

Reduction of a — tocopheryl radicals ,

Inhibition of oxidases ,

Increase in uric acid levels

AN N N N N

Increase in antioxidant properties of low molecular antioxidants .

o
1

Direct scavenging of (ROS)

Flavonoids are able to scavenge free radicals directly by hydrogen atom donation , the in vitro
flavonoid antioxidant activity depends on the arrangement of functional groups on its core
structure . Both the conjugation and total number of hydroxyl groups substantially influence
the mechanism of antioxidant activity .The B ring hydroxyl configuration is the most
significant determinant of ROS scavenging , whereas substitution of the rings A and C has

little impact on superoxide anion radical scavenging rate constants.

The main structural features of flavonoids required for efficient radical scavenging could be

summarized as follows :

e An ortho — dihydroxy (catechol) structure in the B ring , for electron delocalization
[48]
e 2,3 —double bond in conjugation with a 4 oxo function in the C ring provides
electron delocalization from the B ring [48]
e Hydroxyl groups at positions 3 and 5 provide hydrogen bonding to the oxo group
[48]
2- Ability to activate antioxidant enzymes

Other possible mechanism by which flavonoids act is through interaction with various
antioxidant enzymes .Furthermore, some effects may be a reset of a combination of radical

scavenging and the interaction with enzyme functions.
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Flavonoids are able to induce phase Il detoxifying enzymes (e.g. NAD(P)H-quinone
oxidoreductase , glutathione S- transferase , and UDP —glucuronosyltransferase ), which are

the major defense enzymes against electrophilic toxicants and oxidative stress.[48]
3- Metal Chelating Activity

Specific flavonoids are known to chelate iron and copper , thereby removing a causal factor
for the development of free radicals . Quercetin was able to prevent oxidative injury induced
in the erythrocyte membrane by a number of oxidizing agents , which cause release of iron in
its free , redox active form . The binding sites for trace metals in the molecule of flavonoids
are the catechol moiety in the ring B , the 3-hydroxyl and 4-oxo groups in the heterocyclic
ring C, and the 4-oxo and 5-hydroxyl groups between the C and A rings .[48]

4- Reduction of o — tocopheryl radicals

The o —tocopheryl represents a major antioxidant in cell membranes and in human low
density lipoproteins (LDL) which protects lipoprotein particles against oxidative damage
.Flavonoids can act as hydrogen donors to a —tocopheryl radical , which is a potential
prooxidant . Furthermore, by interaction with a —tocopheryl radical , they possess a great
potential to delay the oxidation of LDL .

5- Ability to inhibit oxidases

Flavonoids inhibit the enzymes responsible for superoxide (O, °) production , such as
xanthine oxidase and protein kinase C . Quercetin and silybin inhibited xantine oxidase

activity , thereby resulting in decreased oxidative damage .
6- Increasing in uric acid levels

Interestingly, there are great discrepancies between plasma or serum total antioxidant capacity
and plasma concentrations of flavonoids . The large increase in plasma total antioxidant
capacity observed after the consumption of flavonoid rich foods is not caused by the
flavonoids themselves , but is likely the consequence of increased uric acid levels , which is a

major contributor to plasma total antioxidant capacity .
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7- Modification of prooxidant properties of low molecular antioxidants

Several authors described prooxidative activity of -carotene under certain conditions (e.g.
UVA irradiation) and suggested that its combination with an antioxidant may have preventive
effect. The interaction of flavonoids with naringin ,rutin and quercetin on DNA damage
induced by UVA mouse embryo fibroblasts . When each flavonoid was combined with -
carotene during preincubation , UVA induced cellular DNA damage was significantly

suppressed .[48]
c- Anticancer activity

Flavonoids present in fruits , fruit juices and vegetables have been extensively studied for
their potential role as anticancer agents . Cranberry juice, for instance , is largely consumed in
North America for its virtues to fight urinary infections , a property due mainly to cranberry
proanthocyanidins . Cranberry fruit is rich in phenolic compounds including flavonoids
(flavonols ,proanthcyanidins , catechins or flavan-3-ols);a variety of phenolic acids among
and triterpenoids . Early investigations have led to the conclusion that cranberry extracts
inhibit LDL oxidation [50], oxidative damage to neurons and oxidative damage of the
vascular endothelium . Therefore, it is believed that these antioxidant activities would make

cranberry extracts a potentially good candidate for antitumour activity .[50]

Quercetin , one the most studied plant phenols and widely distributed in fruits and vegetables

, has shown antiproliferative and antineoplastic activities in vitro against numerous cell lines .
d- Antitumor activity

Many researchers have conducted in vitro studies on the potential antitumor activity of
flavonoids .for example , the antitumor activity on catechin , a flavanol present in green tea ,
Areca catechu , Cinnamomum cassia , Polygonum multiflorum , was examined using tumor
invasion models . this particular flavonoid inhibited such invasiveness and it was suggested
that the activity of catechin may be related to its ability to bind tissue type plasminogen
activator (t-PA) to laminin , a molecule of extracellular matrix that play an important role
during tumor cell adhesion , leading to partial inactivation of t-PA . In vitro studies have been
made on the antiproliferative effect of Citrus flavonoids auercetin ,taxifolin , nobletin and

tangeretin on human squamous cell carcinoma. Whereas nobletin and tageretin , which are
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both polymethoxylated flavonoids , markedly inhibited carcinoma cell growth at all

concentrations tested .[51]
e- Anti-inflammatory activity

Anti-inflammatory properties of flavonoids have been studied both in vivo and in vitro .many
groups carried out in vitro research and showed that many flavonoids studied were capable of
modifying the metabolism of platelet arachidonic acid . Some flavonoids , such as myricetin

and quercetin , blocked both the cyclooxygenase and lipooxygenase pathways .

Flavonoids were demonstrated as possessing in vivo anti-inflammatory properties .some
reports suggested that they had good anti-inflammatory activity without the ulcerogenic side

effect of other anti-inflammatory drugs .[51]
f- Antiulcer effect

One of the most important side effect of conventional anti-inflammatory drugs is their
ulcerogenic activity .Flavonoids are found to be good anti-inflammatory compounds and were
also able to protect the gastric mucosa against a variety of ulcerogenic agents . Many studies
were performed examining the antiulcerogenic actions of flavonoids using both naturally
derived and synthetic compounds. Solon is a synthetic isoprenyl flavonoid derived from
sophoradin , itself isolated from the traditional Chinese medicinal plant Sophorasubprostat.

This compound showed good antiulcerogenic and gastro protective effects .

Other flavonoids that appear to exert antiulcerogenic activity are narnigin and quercetin .in
experiment using a rat model of ethanol induced gastric ulcers , both of these flavonoids

displayed significant antiulcerogenic effects .[51]
g- Antimicrobial activity

One of the undisputed functions of flavonoids is their role in protecting plants against
microbial invasion . This not only involves their presence in plants as constitutive agents but
also their accumulation as phytoalexins in response to microbial attack .[54] because of their
widespread ability to inhibit spore germination of plant pathogens , they have been proposed
also for use against fungal pathogens of man , there is an ever increasing interest in plant

flavonoids for treating human diseases .[54]
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The isoflavonoid maackiain (3-hydroxy-8,9-methylenedioxypterocarpan) is well known as a
constitutive antifangal agent in heartwood of legume trees and as an inducible phytoalexin in
herbaceous legumes , such as Pisum sativum and Trifolium spp .Haware and Stevenson(1999)
have claimed it to be both constitutive and inducible in the plant Cicer bijugum , a wild
relative of the chickpea C. arietinum .thus , two strains of C.bijugum , resistant to Botrytis

cinerea infection.

The majority of flavonoids recognised as constitutive antifungal agents in plants are either
isoflavonoids ,flavans or flavanones . The recognition that a flavones glycoside , namely
luteolin 7-(2"-sulphatoglucoside), is an antifungal constituent of the marine angiosperm

Thalassia testudinumis noteworthy [54].

Several recent papers report the regular presence of antibacterial activity among flavonoids
.Thus, the retrochalcone licochalcone C (4,4'-dihydroxy-2'-methoxy-3'-prenyl) is active
against Staphylococcus aureus. Also the compound 5,7-dihydroxy-3,8-dimethoxyflavone has

a minimum growth inhibitory concentration of 50 pg ml™ towards Staphylococcus epidermis .

Yet one further property of flavonoids that has been researched recently has been antiviral
activity , most notably against the human immuno eficiency virus (HIV) , the causative agent
of AIDS .some flavonoids are inhibitory to enzymes required for viral replication .the two
biflavones robstaflavone and hinokiflavone , are active against HIV-1 reverse transcriptase .
also ,quercetin 3-(2"-galloylarabinopyranoside) isolated from Acer okamatoanum ,is active

against HIV-lintegrase.[54]
h- Antidiabetic effects

Flavonoids , especially quercetin , has been reported to process antibetic activity . Vessal et al
reparted that quercetin brings about regeneration of pancreatic islets and propably increases
insulin release in strptozotocin induced diabetic rats .[55]. also in another study , Hif and
Howell reported that quercetin stimulate insulin release and enhanced Ca®" uptake from

isolated islets cell which suggest a place for flavonoids in non-insulin dependent diabetes.[55]
i- Antithrombogenic effects

Platelet aggregation plays a pivotal role in the physiology of thrombotic diseases .activated
platelet adhering to vascular endothelium generate lipid peroxides and oxygen free radicals
prostacyclin and nitrous oxide . It shown in the 1960s that tea pigment can reduce blood
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coagulability , increase fibrinolysis and prevent platelet adhesion and aggregation . some
flavonoids such as quercetin , kaempferol and myricetin were shown to be effective inhibitors
of platelet aggregation in dogs and monkeys [55].flavonols are particularly antithrombotic
because they directly scavenge free radicals , thereby maintaining proper concentration of

endothelial prostcyclin and nitric oxide.[55]
2.5 - Occurrence of polyphenols in food

Polyphenols are ubiquitous in plant kingdom and practically all plant foods and beverages
contain at least some amounts of these compounds [22, 24, 26]. The richest sources are fruits ,
berries , vegetables , cereals , legumes , nuts and beverages such as wine , tea , coffee and
cocoa . However, the types and amounts of compounds may vary greatly between different
foods [22].

Out of two groups of phenolic acids , hydroxyl cinnamic acids , the latter is much more
common [22, 25]. The most common hydroxyl cinnamic acids are caffeic and ferilic acid [22,
30]. Caffeic acid mainly occurs in esterified form with quinic acid forming chlorogenic acid.
Caffeic acid and chlorogenic acid are present in very high amounts in coffee [22, 30]. Ferrilic

acid is present in food items rich in cereals [22, 25, 31]

Flavonols occur widely in fruits and vegetables as well as in beverages [22, 25, 32, 33].
Quercetin , which is the most common flavonol , is especially rich in onions and kale [22, 25].
flavan 3 ol subclass, which consist of both monomeric ( catechins) and polymeric (
proanthocyanindins)forms are one of the most ubiquitous flavonoids in plant foods [22, 25].
Rich sources of flavan 3 ols are berries , nuts , dark chocolate , red wine , green and black tea

. citrus fruits and citrus juices are the main sources of flavanones [22, 25].

Table 11.2 : Primary food sources and their polyphenol content

Subclass Individual compounds | Primary food sources Polyphenol
content
Hydroxybenzoic acids | Gallic , wvanillic , | Black currant 4-13
syringic , | Raspherry 6- 10
p-hydroxybenzoic acid | Strawberry 2-9
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Hydroxycinnamic Caffeic , ferulic , | Blueberry 100
acids p -coumaric , sinapic | Coffee beverage 35175

acid
Anthocyanindins Cyaniding , delphinidin | Black currant 130- 400
, malvidin , | Black grape 30- 750
pelargonidin, peonidin , | Blackberries 25-500
petunidin Cherry 35- 450
Rhubarb 200
Strawberry 15- 75
Flavonols Quercetin , kaempferol | Apple 2-4
, myricetin , | Broccoli 4-10
isorhammnetin Cherry tomato 1,520
Kale 30- 60
Leek 323
Onion 35-120
Flavones Luteolin , apigenin Celery 2-19
Parsley 24-184
Flavanones Hesperitin , naringenin | Grape fruits juice 10- 65
, eriodictyol Lemon juice 530
Orange juice 20-70
Flavan 3 ols | Catechin , epicatechin , | Apple 2- 12
monomers gallocatechin , | Apricot 10-25
epigallocatechin Green tea beverage 10-80

2.6 - Antioxidant activity of polyphenols

Recent interest in food phenolics has increased owing to their roles as antioxidant
,antimutagens , and scavengers of free radicals and their implication in the prevention of
pathologies such as cancer and cardiovascular disease . Epidemiologic studies have shown a
correlation between an increased consumption of phenolic antioxidant and a reduced risk of

cardiovascular disease [30, 55 -57].
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Phenolic antioxidants function as terminators of free radicals and chelators of metal ions that
are capable of catalyzing lipid peroxidation .phenolics antioxidants interfere with the
oxidation of lipids and others molecules by rapid donation of a hydrogen atom to radicals , as

illustrated in the following reactions :
ROO +PPH ——> ROOH + PP
RO +PPH —> ROH + PP

Moreover, the phenoxy radical intermediates are relatively stable ; therefore , a new chain
reaction is not easily initiated . The phenoxy radical intermediates also act as terminators of

the propagation route by reacting with other free radicals;[30, 58].
ROO +PP°  ———> ROOPP + PP
RO + PP 5 ROPP

However, under certain conditions (high concentrations of phenolic antioxidants, high pH ,
presence of iron ) , phenolic antioxidants can initiate an autooxidation process and behave like
prooxidants [30, 58].

Flavonoids are among the most potent plant antioxidants because they possess one or more of
the following structural elements involved in the antiradical activity :

1 — An o —diphenolic group (in ring B)
2 — A2 -3 double bond conjugated with the 4 — oxo function
3 — Hydroxyl groups in positions 3 and 5 [ 30, 61 -63].

Quercetin , a flavonol that combines all of these characteristics , is one of the most potent
natural antioxidants . Also, the antioxidant efficiency of flavonoids is directly correlated with
their degree of hydroxylation and decreases with the presence of a sugar moiety ( glycosides

are not antioxidants , whereas their corresponding aglycones are antioxidants ) [30, 58].
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Table 11.3 : Antioxidant compounds and their antioxidant capacity

Antioxidant Sources Antioxidant activity
(mM)

Vitamins

Vitamin C Fruit and vegetables 1.0+ 0.02

Vitamin E Grains , nuts and oils 1.0+ 0.03

Flavonoids

Anthocyanidins

Cyanidin Grapes , raspberries and strawberries 4.4+0.12

Delphinidin Aubergine skin 44+0.11

Flavon — 3 —ols

Quercetin Onion, apple skin , berries , tea 4.7+0.10

kaempferol Grapefruit and tea 1.3+0.08

Flavones

Rutin Onion , apple skin , berries , tea , black | 2.4 £0.12
grapes

Luteolin Lemon, olive , celery and red pepper 2.1 +0.05

Chrysin Fruit skin 1.4 +0.07

Apigenin Celery and parsley 1.5+0.08

Flavan — 3- ols

Epicatechin Black grapes / red wine 2.4 +0.02

Epigallocatechin Teas 3.8+£0.06

Epigallocatechingallate | Teas 4.8 +0.06

Epicatchingallate Teas 4.9 +0.02

Flavanones

Taxifolin Citrus fruit 1.9+0.03

Naringenin Citrus fruit 1.5+£0.05
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Hesperidin Orange juice 1.0£0.03
Hesperetin Orange juice 1.4+0.08
Hydroxycinnamates White grapes, olive , asparagus

Caffeic acid Grains , tomato , asparagus 1.3+£0.01
Ferulic acid White grapes , tomato , asparagus 1.9+0.02
P — coumaric acid 2.2 £0.06

2.7 - Polyphenols and cancer

Anticarcinogenic effects of polyphenols are well documented in animals . Polyphenols , when
given to rats or mice before and or after the administration of carcinogenic agent or the
implantation of a human cancer cell line , are most often protective and induce a reduction of
the number of tumors or of their growth [ 37, 64].These effect have been observed at various
sites , including mouth , stomach , duodenum , colon , liver, lung , mammary , or skin. Many
polyphenols , such as quercetin , catechins , isoflavones , lignans , flavanones , ellagic acid ,
red wine polyphenols , resveratrol , or curcumin , were tested ; all of them showed protective

effects as anticarcinogenic [37, 65].

Polyphenols may act as blocking agents at the initiation stage or act as suppressing agents ,
and inhibit the formation and growth of tumors from initiated cells , they inhibit cell
proliferation in vitro [37, 58 , 63, 56].

2.7 - Polyphenols and diabetes

Many plants have been traditionally used in the treatment of diabetes. Polyphenols contained
in these plants may explain some of their therapeutic activity [37, 65 , 32]. The acute or
chronic administration of polyphenols to experimental animals influences glycemia .Caffiec
acid and isoferulic acid , when administred intravenously to rats , reduce the fasting glycemia
and attenuate the increase of plasma glucose in an intravenous glucose tolerance test [ 37, 50,

57]. These effects were observed in a generic model of insulin dependent diabetes of rats .

-29-




Chapter II The polyphenols compounds : nature and importance

2.8- Antioxidants

Oxidative stress , induced by oxygen radicals is believed to be a primary factor in various
diseases as well as in the normal process of aging [32 , 33 ] . The reactive oxygen species
formed during normal metabolic processes can easily initiate the peroxidation of membrane

lipids , leading to the accumulation of lipid peroxides [ 48]

A number of antioxidant defense mechanisms and repair systems exist in the body to protect
against the damage and reduce diverse effect of free radicals , including intracellular
antioxidant enzymes such as superoxide dismutase , which removes superoxide radicals by
accelerating the formation of hydrogen peroxide ; glutathione peroxidase , converts hydrogen
peroxide to water and catalase , which breaks down hydrogen peroxide [ 62 ,63 ] and non-

enzymatic antioxidants like vitamin E , vitamin C , - carotene and phenolic compounds .
2.8.1- Definition

Antioxidant is a chemical that prevents the oxidation of other chemicals , they protect the key
cell components by neutralizing the damaging effects of free radicals , which are natural by

products of cell metabolism [41]
2.8.2- Classification

Three enzymes are mainly responsible for the inhibition of oxidation stress in the organism
a- enzymatic antioxidants
1 — Superoxide dismutase (SOD)

Superoxide dismutase is present in cell cytoplasm ( copper - zinc enzyme ) and in
mithochondria ( manganese — enzyme ) in order to maintain a low concentration of
superoxide anion [41, 48, 61 ]. The determinant role of superoxide dismutase ( SOD) in the
antioxidant defense systems has been known since 1968 [46]. It catalyzes the dismutation of

superoxide anion into oxygen and hydrogen peroxide according to the following reaction :

SOD

20 + 2H+ H,O, 4+ O,

2

Different studies have confirmed that the production of H,O, under the action of SOD is the
triggering factor in the natural antioxidant defense mechanisms . SOD , therefore , seems to

be the key enzyme in the natural defense against free radical [46 ]
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2 — Catalase

Catalase is a heme protein that catalyses the transformation of hydrogen peroxide ( H,O;) into
two water molecules and O, [43, 52,12 ,53 -55].

Catalase

2 H,0O, 2H,0 +0,

Catalase provides a protective role that is similar to that of glutathione peroxidase because

both are important means of removing hydrogen peroxide [37, 51 ].
3 — Glutathione peroxidase ( GPx)

Glutathione peroxidase (Gpx ) is a cytoplasmic and mitochondrial enzyme that is important
for detoxifying peroxides in the cell [48 , 55]. The GPx enzymes catalyze the reduction of
H.O, to water and organic peroxides ( ROOH ) to the corresponding stable alcohols (ROH)
using glutathione (GSH) as a reducing source [43 , 57].

ROOH+2GSH — > ROH + GSSG + H,0
b- Non enzymatic antioxidants
1- Ascorbic acid

Vitamin C or ascorbic acid is wide spread in nature but sparingly associated with fats of oils
because of its hydrophilic nature [36, 54]. Ascorbic acid in the free form , a water soluble
molecule fig is present in intra and extracellular fluids but absent in membranes and lipid
region . Vitamin C plays a role in free radical scavenging , particularly in lipid peroxidation
inhibition [ 30, 55].

HO OH

OH

OH

Figure 11.10 : Chemical structure of ascorbic acid
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In foods , water soluble ascorbic acid acts as a secondary antioxidant and participates in
various antioxidative and related functions . Ascorbic acid is capable of quenching various
forms of oxygen (singlet oxygen, hydroxyl radicals , and superoxide). In vivo ascorbic acid
acts as a primary antioxidant and in tissues it is essential for the prevention of oxidative

cellular damage by hydrogen peroxide [ 30, 56].
2- Carotenoids

Carotenoids are ubiquitously found in lipid soluble colored compounds , mainly from green
plants , fruits and vegetables . The two main classes of carotenoids , carotene and
xanthophylls , are composed of 40 carbon isoprenoid or tetraterpenes with varying structural
characteristics . carotenes are polyene hydrocarbons and vary in their degree of unsaturation (
e.g B carotene , lycopene ).Beta carotene is the most abundantly found provitamin A . Many
fats and oils especially those from plant sources , contain b carotene and it contributes to the

deep intense orange red color of many oils [ 30,57, 58].

Carotenoids can act as primary antioxidants by trapping free radicals or as secondary
antioxidant by quenching singlet oxygen [30, 57, 58]. Carotenoids may trap free radicals and

act as a chain breaking antioxidant [30, 56, 58]

NGNS N

Figure 11.11 :Chemical structure of f3- carotene

3- Vitamin E

Tocopherols are the natural antioxidative compounds found widely in different tissue , they
are found abundantly in vegetable oil derived food . These mono phenolic compounds possess
varying antioxidant activities . Tocopherols and tocotrienols comprise the group of chromanol
homologs that exert vitamin E activity in diet . These different homologs vary in the extent of

methylation of the chromane ring . The o, B, y and 6-tocopherols contain a saturated phytyl (
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trimethyltridecyl ) side chain . the antioxidant activity of a,  , y and &-tocopherol decreases

in order of &> >y >3 in vivo [30, 62, 63 ].

Antioxidant activity of tocopherols is mainly by scavenging peroxy radicals thus interrupting
chain propagation [30, 57], which is based on the tocopherol- tocopherylquinone redox
system . The active configuration is the phenolic group in the bezene ring , located at the para
position to the oxygen atom bound next to the dihydropyrone cycle . Alpha tocoperol donates
a hydrogen atom to a peroxy radical resulting in a-tocopheryl semiquinone radical [30].This
radical may further donate another hydrogen to produce methyl tocopheryl quinone or react

with another tocopheryl semiquinone radical to produce an a-tocopherol dimer [30, 61].

Figure 11.12 : Chemical structure of a-tocopherol

4- Polyphenols

Polyphenols are wide and complex group of secondary plant metabolites [ 22 , 24 ,26 ] . So
far , over 8000 compounds have been identified . Structures of the compounds range from
simple molecules such as phenolic acids, to highly polymerized compounds like

proanthocyanidins .

Polyphenols are essential for the physiology of plants , having functions in growth, structures
, pigmentation , pollination , allelopathy and resistance for pathogens , UV radiation and
predators [29, 23] , in addition , sensory qualities of plant foods and beverages , such as
astringency and bitterness are related to their polyphenol content [ 10]

In nature, polyphenols occur primarily in conjugated forms with one or more sugar residues
attached to hydroxyl groups [29, 25, 26] conjugation increase the polarity of the molecules ,
which is necessary for storage in plant cell vacuoles . The most common sugar residue is

glucose, and residue can be in the form of monosaccharaides or oligosaccharides.
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2.8.3- Methods for testing antioxidant activity

A number of techniques have been developed to measure the activity of antioxidant. Some

techniques are based on a chemical reaction , while others make use of a biological response .
a- TEAC Trolox equivalent antioxidant activity

The TEAC assay is based on the oxidation induced decolourisation of radical cation ABTS (
2,2 azinobis , 3 ethylbenzothiazoline , 6 , sulphonic acid ), and determine the ability of
hydrophilic H" donating antioxidants to scavenge the ABTS" radical compared with Trolox (a

water soluble analogue of vitamin E ) [42, 47]

The TEAC [36, 47 , 63 ] is equal to the millimolar concentration of a trolox solution having
the antioxidant capacity equivalent to a 1 Mm solution of the substance under investigation .
as used by Rice Evans and Miller [36, 47 ] , the TEAC reflect the relative ability of hydrogen
or electron donating antioxidants to scavenge the ABTS radical cation compared with that of

trolox .

The ABTS assay [37, 48 ] has been used to measure the total antioxidant activity in pure

substances , in body fluid and in plant material.
b- FRAP assay

The FRAP assay is simple , inexpensive and robust and provides an index of antioxidant
activity [61, 64 ] . It describes the ability of a compound to reduce Fe* to Fe?" , this reduction
is accompanied by the formation of a blue colour in the presence of ferric tripyridyltiazine (
Fe** —TPTZ) complex .

Results are obtained as absorbance increases at 593 nm and can be expressed as micromolar
Fe?* equivalent or relative to an antioxidant standard [36] . The method was originally applied
to plasma but has been extended to other biological fluids , foods , plant extracts , juices , etc
[36].

c- TRAP Total Radical Trapping Antioxidant Parameter

The total radical trapping antioxidant parameter ( TRAP ) assay has been widely used to
determine total antioxidant activity based on measuring oxygen consumption during

controlled lipid oxidation reaction . [36 ] . The TRAP expresses results as the number of p
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moles of peroxyl radicals trapped by 1 | of plasma . The measurement of serum TRAP was
based on the determination of the length of time that a subject’s serum was able to resist

artificially induced oxidation [36 , 64].
d — ORAC Oxygen Radical Absorbing Capacity Assay

The ORAC assay is another commonly applied antioxidant assay based on the ability of a test
substance to inhibit the oxidation of B-phycoerythrin by reactive oxygen species , relative to

trolox [30]
e— p — carotene bleaching assay

This assay developed by Taga and others ( 1984) , is based on the coupled oxidation of B —
carotene and linoleic acid . The method estimates the relative ability of antioxidant
compounds to scavenge the radical of linoleic acid peroxide (LOO") that oxidizes [ — carotene
in the emulsion phase . [66]

f- 2, 2 Diphenyl -1 - picrylhydrazyl radical (DPPH) assay

This method is based on the radical scavenging activity of antioxidants toward the 2 , 2
Diphenyl - 1 - picrylhydrazyl radical (DPPH') . the free radical DPPH" Is reduced to the
corresponding hydrazine when it reacts with hydrogen donors .this reaction has been
evaluated by the discoloration assay where the decrease in absorbance at 515- 528 nm

produced by the addition of the antioxidant to DPPH' In methanol or ethanol is measured [64]

In plant, polyphenols are relatively resistant to heat oxygen, dryness and to some extent also

to acidity, but the sensivity to light differs according to their chemical structure [22, 26 ,28]

Table 1.4 : List of in vitro antioxidant methods

Antioxidant methods

Hydrogen atom transfer methods ( HAT ) Electron transfer methods (ET )
» Oxygen absorbance capacity (ORAC) » Trolox equivalent antioxidant
method capacity (TEAC)
» Lipid peroxidation inhibition capacity » Ferric reducing antioxidant power
(LPIC) (FRAP)
» Total radical trapping antioxidant » DPPH free radical scavenginf assay
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parameter (TRAP) » Copper (I) reduction capacity
» Inhibition oxygen uptake (I10C) » Total phenols by folin Ciocalteu
» Scavenging of H,O, radicals > N,N —dimethyl —p-
» ABTS radical scavenging method Phenyllenediamine (DMPD) assay
» Scavenging of super oxide radical

formation by alkaline (SASA)
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CHAPTER 111 : MATERIALS AND METHODS

Natural substances from plants have multiple interests put to use in the industry: supply, in
cosmetology and dermo pharmacy. Among these compounds are found in a large measure the
secondary metabolites which are illustrated especially in therapy. Pharmacy still uses a high
proportion of plant-derived medicines and research found in plants of new active molecules,

or raw materials for the semi-synthesis. [1]
3.1- Harvesting of the plant

The plants are harvested during winter of the year 2010 of three stations in the wilaya of
Bechar (Algeria) (Fig. 111.1). The chemical study was performed on the aerial part of the
plants .The leaves of the plant Launeae nudicaulis and Warionia saharae were cut and dried

in the open air in a dry place and away from direct sunlight, and then finely ground.

® Taghit.
@ Bechar
o Abadla

Figure I11.1 : Map of the province of Bechar showing the three collection stations. [2]
3.2- Presevation

The plant Launeae nudicaulis and Warionia saharae freshly harvested, are dried in the shade
in a dry and ventilated area for about ten days. Dried parts of the plants are cut then finely

grinded and stored in vials in the shelter of the light.
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3.3- Geographical situation and crop stations

The plants are harvested at three stations in the province of Bechar (Abadla, Taghit , Boukais

and Bechar). Geographic and bioclimatic characteristics of crop areas are summarized in the

table below .

Table 111.1: Geographic and bioclimatic characteristics of harvesting areas [4].

Region Altitude Latitude Longitude Bioclimatic characteristics

Bechar 747 m 31°37'N 2°13'w Hot and dry in summer, cold
in winter

Taghit 747 m 33°15'N 1°47'w Hot and dry in summer, cold
in winter

3.4- Plant material

The aerial part ( leaves ) of Launeae nudicaulis and Warionia sahara were harvested in

December 2010 from Bechar ,Algeria . Plant samples were dried at room temperature for 03

weeks , than finely ground with an electric grinder .

Figure 111.2 : Launeae nudicaulis plant
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Figure 111.3 : Warionia Saharae plant
3.5- Phytochemical screening

3.5.1- Plant products exhausted with dilute HCL

3 g of plant material is placed in a beaker, diluted with 50 ml of HCI and the assembly is
brought on a hotplate for 15 min, then the mixture is filtered to the following tests:
a-Alkaloids

alkalizing the solution with ammoniac ( NH 4OH) until PH= 9-10 , extracting the solution
three times with 30ml chloroform (CHCI3) then evaporating of organic phase and add 2-3
drops of Mayer’s reagent ; the appearance of white precipitate indicated the existence of

alkaloids

3.5.2- Plant products exhausted with distilled water

3g of plant material in the presence of 20 ml of distilled water, bring together on a hot plate
for 10 minutes at a temperature below the boiling temperature, filtering the mixture then

subjecting the extract to following tests.
a- Saponosids

After cooling the solution , put 10ml of the solution in assay tube, agitate well for one

minute and let stand a few seconds and measure the level of the foam.
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b- Cardinolids

3g of plant material extract macerated in 20 ml of distilled water for 24 hours. Filter the
solution and then extract a 10ml of the filtrate with 10 ml of chloroform / ethanol , evaporate
the organic phase and the residue dissolved in 3 ml of glacial acetic acid, add a few drops of
FeCl; and 1 ml of concentrated sulfuric acid. The appearance of the blue green color in the

acetic phase indicates the existence of cardinolids.
3.5.3- Product macerated with 70% ethanol

Put 5g of vegetable matter in a bottle with 20 ml of ethanol let macerate for 2 days, then

filter the mixture , filtrate was submit the following tests:

- Steroids

After evaporation of the solution, dissolve the residue with 15 ml of CHCI; and filtered
several times (3 times) . The filtrate was divided into two parts in two test tubes:
1- First Part

Add 1ml of acetic acid CH;CO,H then 1ml of concentrated sulfuric acid H,SO, on the walls

of the tube carefully.

The absence of the green color indicates the presence of unsaturated sterols
2- Second Part

Add equal volume of concentrated H,SO, to the walls of the tube carefully the appearance of

yellow color which converts red indicates the existence of steroid

3.5.4- Product macerated with diluted HCI

Put in a flask 5 g of plant material with 75ml of dilute hydrochloric acid HCI let macerated
for 2 days, filtering the mixture then subjecting the filtrate to the following tests:
-Flavonoids

1- alkalize 10ml filtrate by ammonia NH;OH the appearance of light yellow color indicates

the presence of flavonoids.

2- A 10ml of the filtrate add 5 ml of amyl alcohol, the alcohol phase turns yellow indicates

the presence of free flavonoids.
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3- Evaporated under vacuum the aqueous phase 1 test dissolve the residue diluted with 3 ml

of HCI and heated slightly and then cooled to perform the following tests:

v' Add 2.5 ml of amyl alcohol, the appearance of the yellow color indicates the presence
of glycosides flavonoid
v" Add a small amount of Mg in acid extracted the appearance of the red color indicates

the presence of flavonoid glycosides.
3.6- Extraction of plant materials

This step consist to extract the maximum of phenolic compounds contained in the leaves of
Launeae nudicaulis and Warionia sahara using organic solvents that accelerate and increase

the extraction efficiency .
3.6.1- Reflux extraction

The extraction is performed by successive exhaustion of plant material using different

solvents .
a- Launeae nudicaulis extraction

The extraction is performed by using the mixture of solvent ( water — MeOH ) , 200g of plant
material (Launeae nudicaulis ) were extracted with 350 ml of solvent over 03 hours . the

Figure 111.3 illustrates the extraction steps .

[ Launeae nudicaulis ( 2009 ) ]

| (
| |

' |
[ Residue ]

‘[ Hexane extract ]

Hexane ( 300ml ) ]

Mixture of water — methanol ( 350ml )

[ Methanol extract ] Residue ]

\

Figure 111.3 :Launeae nudicaulis Extraction Protocol
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b- Warionia saharae extraction

The extraction is performed by successive exhaustion of plant material ( reflux extraction )
using five solvents with increasing polarity : ether , chloroform , ethyl acetate , butanol and
methanol . 50 g of plant material (Warionia saharae ) was extracted with 300 ml of solvent
over 03 hours , after the filtration , the residue is concentrated by rotary evaporation of the

solvent in a rotavap .

3.6.2 -Filtration

Filtration is used to separate impurities in solution or suspension through a filter medium, To
separate the extract from plants material , filtration was carried out using a filter paper
(Whatman ).

3.6.3-Rotary evaporation

Separation of solvent from the extract is realized by using the device called rotavapor, in this
apparatus the extract is put in around flask and placed in the device. The rotavap spins and
heats the flask and reduces the pressure inside by greating a vaccum , the vacuum makes the
solvent evaporate and becomes a gas which is collected by cooling it , so it condenses into

another flask
3.6.4-Determination of the yield of extraction

The weight of dry extract is determined by the difference between the weight of full bottle

(after removing the solvent by rotary evaporation) and the weight of empty bottle.

M exiract = Mass of full bottle - Mass of empty

The yield of extraction is the percentage of the mass of dry extract and the mass of plant

material.

Mass of dry extract

" Mass of plant material
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[ Plant material (Warionia saharae) 50 g ]

A 4

[ Reflux extraction (03 hours) ]

7

Hexane 300 ml

Hexane extract

A 4

Ether extract

Diethyl ether 300 ml

K. —

v

Chloroform 300 ml

CHCl; extract

~

J

[ EtOAcC extract

\ 4

<

Ethyl acetate 300 ml ]

|

BuOH extract ¢
X Butanol ]
MeOH extract -
\ 4
w Methanol
A\ 4
MeOH/H,0 ]
(150/150)(v/v) I ’l Evaporation ]—' Water phase

Liquid- liquid
extraction

[<

[ Ether extract |

v

A

[ EtOAc extract

Water phase

Liquid- liquid
extraction

v

[ BuOH extract

Water phase

Liquid- liquid
extraction

A 4

[ Water phase

<
<
J

Figure 111.5 : Warionia saharae Extraction protocol
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3.7- Thin layer chromatography analysis of extracts

TLC is an easy , cheap , rapid and basic method for the analysis and isolation of metabolites .
it involves the use of particulate absorbent spread on inert sheet of glass , plastic or metal as
stationary phase . The mobile phase is allowed to travel up the plate carrying the sample that

was initially spotted .
3.7.1-Stationary phase

We used the silica gel ( GF254 ) thin layer chromatography aluminum plate . It is prepared
by drawing a line with a pencil 1cm from the edge which is called deposition line , and a line
0,5 cm from the top called stop line .

3.7.2-Mobile phase

The mobile phase is constituted a mixture of organic solvents, for that different solvent

systems were tested to choose who given the best separation.
a- Launeae nudicaulis mobile phase

For each extract we use a solvent system as a mobile phase then we choose a solvent which
have the best separation, the table shown the solvent system and the solvent system selected

for each extact .

Table 111.2: Solvent system and the solvent system selected of each extract

Extract

Solvent system

Solvent system selected

Ether

Chloroform /methanol (3/7)

Chloroform /methanol ( 7/3)

Chloroform/methanol (1/1)

Methanol

Acetone /hexane (1/1)

Chloroform/ ethyl acetate (1/1)

Hexane /ethyl acetate (1/1)

Chloroform

Chloroform /methanol (3/7)
Acetone /hexane (1/1)
Hexane /ethyl acetate (1/1)
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Chloroform

Chloroform /methanol (3/7)

Chloroform /methanol ( 3/7)

Chloroform/methanol (1/1)

Methanol

Acetone /hexane (1/1)

Chloroform/ ethyl acetate (1/1)

Acetone/hexane (1/1)

Hexane /ethyl acetate (1/1)

Dichloromethane

Chloroform /methanol (3/7)
Acetone /hexane (1/1)
Acetone/hexane (1/1)
Hexane /ethyl acetate (1/1)

Ethyl acetate

Chloroform /methanol ( 3/7)

Chloroform/methanol ( 1/1)

Methanol

Acetone /hexane (1/1)

Chloroform

Hexane /ethyl acetate (1/1)

Chloroform/methanol (3/7)
Chloroform/methanol (1/1)
Acetone /hexane (1/1)

Hexane /ethyl acetate (1/1)

Butanol

Chloroform /methanol (3/7)

Chloroform /methanol (1/1)

Methanol

Acetone /hexane (1/1)

Chloroform

Hexane /ethyl acetate (1/1)

Dichloromethane /methanol (1/1)

Acetone/water (1/1)

Chloroform /methanol (3/7)
Chloroform /methanol (1/1)
Acetone /hexane (1/1)

Hexane /ethyl acetate (1/1))

Methanol

Chloroform /methanol (3/7)

Chloroform/methanol (1/1))

Methanol

Acetone /hexane (1/1)

Chloroform

Hexane /ethyl acetate (5/5)

Dichloromethane /methanol (1/1)

Chloroform /methanol (3/7)
Chloroform /methanol (1/1)
Acetone /hexane (1/1)

Hexane /ethyl acetate (1/1)
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b- Warionia sahara mobile phase

Different solvent system were assayed to give the best separation for each plant extract, the

table present the solvent system selected of each extract .

Table 111.3: Solvent system and the solvent system selected of each extract

Extract Solvent system Solvent system selected
Chloroform/methanol (3/7) Hexane/ ethyl acetate
Ether Hexane/ ethyl acetate (1/1) (171)
Chloroform/ ethyl acetate
Chloroform / ethyl acetate (1/1)
(1/1)
Chloroform// ethyl acetate
/acetone/methanol (2/2/1/0.5)
Dichloromethane (100%)
Chloroforme (100%)
Acetone (100%) Hexane/ ethyl acetate
Chloroform/methanol (3/7) (1/1)
chloroform Hexane/ ethyl acetate (1/1) Chloroform/ ethyl acetate

Chloroform// ethyl acetate (1/1)

Chloroform/ethyl acetate
/acetone/methanol (2/2/1/0.5)

Dichloromethane (100%)

facetone/methanol
(2/2/1/0.5)

Ethyl acetate

Chloroform/acEtone (1/1)

Chloroform/methanol (1/1) et (7/3)

Hexane/ /ethyl acetate (1/1)

Chloroform/ethyl acetate

/acetone/methanol(2/2/1/0.5)

Chloroform (100%)

Chloroform/acetone (1/1)
Hexane/ ethyl acetate
(1/2)

Butanol

Chloroform/ ethyl acetate
/acetone/methanol (2/2/1/0.5)

Chloroform/methanol (7/3)

Chloroforme (100%)
Hexane /acétate d’éthyle
(1/1)
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Hexane // ethyl acetate (1/1) Chloroforme/methanol

Dichloromethane /methanol (1/1) (713)
Chloroforme (100%)

Méthanol Chloroforme/ ethyl acetate

acetone/methanol (2/2/1/0.5) Chloroforme/ ethyl

Chloroform/methanol (7/3) acetate /acetone/methanol

Hexane // ethyl acetate (1/1) (2/2/1/0.5)

Dichloromethane /methanol (1/1) Hexane / ethyl acetate

Chloroform (100%) (/1)
Chloroform/methanol
(9/1)

3.7.3-Deposit
The deposit is made with capillary glass tube for single use, linearly and perpendicular.
3.7.4-Revelation

If the components are colored, they will be directly by visible on the plate, otherwise the

revelation can be done with UV lamp at 254 nm .
3.7.5-Retention factor

For each spot was calculated retention factor which is the relationship between the distance

traveled by the solvent front and the substances.

Distance traveled by substance

" Distance traveled by solvent front

3.8- Isolation of natural compounds of the plant extracts
a- Warionia saharae

A portion of 2 ml of each extract was chromatographed through a silica gel column Sephadex
LH 20 Sigma on a mass of 62.3 g, and the elution realized with 300 ml of solvent; the

column elution was performed by the best elution of each extract.
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Fractions of 3 ml are collected and analyzed on thin layer chromatography plates , these

fractions are examined under UV light at 254 and 365 nm.

The fraction or separated product which have the same Rf are collected then calculate its mass

and efficiency .
a- Launeae nudicaulis

5g of methanolic extract was chromatographed through a silica gel(50 g ) column  and
elution realized by petrol ether where the polarity was increasing by addition different
gradient of solvents ( ether , CHCI; , MeOH and EtOAc) .

3.9- Identification of natural compounds of the plant extracts
3.9.1- UV spectroscopy analysis

The UV spectrum of a flavonoid is usually determined in ethanol or methanol and typically
consists of two maximum absorptions located in the ranges of 240-285 nm (band I1) mainly
due to the absorption of the chromophore system of ring B , and 300- 350 nm (band I; due to
absorption of the B ring) .

The specific positions and relative intensities of these maximums give precious information
concerning the nature of flavonoids and types of hydroxyl or methoxyl substituents for

example flavone .

a- Band |

1- Bathochromic effect

Bathochromic effect is also called the red shift; this is a change of the maximum absorption at
the longer wave length. It can be produced by a change of the environment or by the presence

of an auxochrome.
2- Hypsochromic effect

Hypsochromic effect also called blue change; it is a change towards shorter wavelength.
b- Band Il

The effects observed in band Il is less intense than in the band I , we can still distinguish the

two effects .
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1- Bathochromic effect

It can be attributed as the band I , the position and the number of hydroxyl group in the

flavone.
2- Hypsochromic effect

While the band 11 is much more difficult to be changed to the longer wavelength than band I;

it has an unexpected property :

When the methoxy group introduced to the 3' and 4' positions of the ring B and the flavone
has a hydroxyl group at the 7-position , The band Il is changed to the UV - C 237 nm range .

When the methoxy group introduced at three positions of the B ring. Band Il may

disappearing by a bathochromic effect.
3.9.2- Method of classification and identification of flavonoids

According to the absorption movement concepts of band | and Il by the bathochromic and
hypsochromic effects and correlation between the spectroscopic data of the literature and the
results of UV - VIS spectroscopic analysis of isolated products , the of structures these

compounds which belongs to the class of flavonoid can be determined.
Band Il give important informations about the classification of flavonoids.
Band I accurate the position and type of substituents in ring A and B.

3.10- IR spectroscopy analysis

Infrared spectroscopy is often used to identify structures because functional groups give rise
to characteristic bands both in term of intensity and position .

The samples are examined as a pressed disc , mixing a few milligrams of the substances with
a few milligrams of KBr , the infrared radiation are located in the portion of the
electromagnetic spectrum between the visible region and that of the microwave
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3.11- Measurement of antioxidant activity of plant extracts and their compounds

3.11.1- Beta carotene bleaching assay

1- Extraction of beta carotene

20 g of carrot were mixed with 40 ml of ethanol and potassium hydroxide, which are
homogenized for three minutes . The mixture was extracted under reflux for 45 minutes , then

cooled at room temperature , the mixture was agitated frequently to avoid any aggregation .

We realized a liquid extraction with 50 ml of hexane , the organic phase was removed with
pipette and aqueous phase was extracted with 50 ml of hexane , the extract has been washed
with distilled water then filtered through anhydrous sodium sulfate . The residue was removed

at reduced pressure at 45 C using rotary evaporation .

[ 20 g carrot + EtOH + KOH ]

ﬂ Agitation 03 min

[ Reflux extraction 45 min ]

@ Cooling | Decantation
[ Liquid - liquid extraction ( hexane ) J _ o
Washing with distilled
@ | water of the organic phase
[ f.caratene ] Filtration and evaporation

Figure 111.8. Protocol of B — carotene extraction

2- Beta carotene bleaching assay

The beta carotene is a lipophilic antioxidant that protects fatty acids from the oxidation , the

addition of a second antioxidant permits its preservation .

AN NN NN

Figure 111.9. B-carotene structure
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The qualitative assay was realized by the dilution of two milligrams of the dried extract with 1
ml of the appropriate solvent , then a quantity of each dilution of the chloroform, ether, ethyl
acetate, methanol and butanol extracts was carefully loaded individually onto the TLC plate
and the sample was allowed to dry . the plate was sprayed with chloroformic solution of beta
carotene , the plate is exposed under UV lamp at 254 nm until the discoloration , the

antioxidant area appears yellow on white .

3.11.2- DPPH radical scavenging method
1- TLC assay

The qualitative assays were performed according to the method of Takao et al (1994). Two
milligrams of the dried extract were diluted with 1 ml of the appropriate solvent then, 20(juL)
aliquot of each dilution of the chloroform, ether, ethyl acetate, methanol and butanol extracts
was carefully loaded individually onto the TLC plate and the sample was allowed to dry.
Once dried, the plate was sprayed with 0.2% solution of radical DPPH in methanol.
Compound with radical scavenging activity showed a yellow on purple spot due to the
discoloration of DPPH.

2- Spectrophotometer

The antioxidant activity of the crude extracts and fractions was assessed by the mean of 2,2-
diphenyl -1-picrylhydrazyl (DPPH’) colorimetric method as described by Velazquez et al
(2003), slightly modified . This method depends on the reduction of purple DPPH to a yellow
colored diphenyl picrylhydrazine and the remaining DPPH’, which showed maximum
absorption at 517 nm was measured ( spectrophotometer ). About 2ml of a 20 mg / ml DPPH
solution were added to 1MI of a methanolic solution of each extracts and fractions ( 1-100pg/
mL). a mixture of 2 ml of DPPH and 1 ml of methanol served as control . the mixture was
shaken vigorously , then incubated for 15 min in darkness at room temperature . absorbance
was measured at 517 nm , each experiment was performed in triplicate . The DPPH radical

scavenging activity was calculated according to the following equation:

Acontrol — Asample

DPPHradicalscavengingactivity (%) = Acontrol

Asample : bsorbance of sample

Acontrol - absorbance of control
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Figure 111.4 : Spectrophotmeter

3.12- Antibacterial activity of plant extracts ( Disc diffusion method)

The disc diffusion method has been carefully standardised by the Clinical Laboratory
Standard Institute (CLSI) methodology (CLSI 2006a, 2006b).

v A sterile cotton swab was dipped into the suspension and inoculated evenly over the

entire surface of the medium by rotating the plate.

v The discs containing different concentration of extracts and oils were applied (5 and
10 pl) to the plates individually using sterile forceps and then gently pressed down

onto the agar. Generally, no more than 4 disks were placed on a 90-mm plate .

v This prevents overlapping of the zones of inhibition and possible error in
measurement. After the disks were placed on the plate, the plate was inverted and
incubated at 35°C for 16 to 24 h dependent on strains being tested. After incubation,
the diameters of the zones of complete inhibition were measured and recorded in

millimetres (mm).
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1- Phytochemical screening results

a. Launeae nudicaulis exhausted with diluted HCI , distilled water , 50% ethanol
and CHCI;

The phytochemical screening with exhaustion of Launeae nudicaulis indicates the presence of
saponin , tannin an unsaturated sterol . Mayer test did not show the existence of alkaloid in

Launeae nudicaulis .

Table IV.1 : Phytochemical screening with exhaustion of Launeae nudicaulis

Launeae nudicaulis

Compound family

Alkaloid -

Saponin ++

Tannin ++
Unsaturated sterol ++

b. Launeae nudicaulis macerated in distilled water , diluted HCI and 70% ethanol

Phytochemical survey with maceration of Launeae nudicaulis allows the presence of
cardenolid , steroid, flavonoids, free flavonoid and glycosylated flavonoid are predominantly

in Launeae nudicaulis .

Table IV.2 : Phytochemical screening with maceration of Launeae nudicaulis

Launeae nudicaulis

Compound family

Cardenolid +

Steroid +

-B53-



Chapter IV Results and discussion

Flavonoid +++
Free flavonoid ++
Glycosylated flavonoid +++

c. Warionia saharae exhausted with diluted HCI , distilled water , 50% ethanol and
CHCI;

The phytochemical screening with exhaustion of Warionia saharae shows the presence of
saponin , tannin and unsaturated sterols .However alkaloids did not exist in Warionia

saharae.

Table 1V.3 : Phytochemical screening with exhaustion of Warionia saharae

Warionia saharae

Compound family

Alkaloid -
Saponin ++
Tannin ++

Unsaturated sterol +

d. Warionia saharae macerated in distilled water , diluted HCI and 70% ethanol

The phytochemical screening with maceration of Warionia saharae shows the presence of

cardinolid , steroid , flavonoid , free flavonoid and glycosylated flavonoid .
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Table I1V.4 : Phytochemical screening with maceration

Warionia saharae
Compound family
Cardenolid +
Steroid +
Flavonoid +++
Free flavonoid ++
Glycosylated flavonoid +++

4.2 Plant material extraction

Extraction of the compounds from dried plant material ( Launeae nudicaulis and Warionia
saharae ) realized by using different solvents .

4.2.1 Launeae nudicaulis extraction

To obtain the methanolic extract of Launeae nudicaulis powdered leaves , we realized reflux
extraction with the mixture of water- methanol(MeOH) solvent , after the filtration , the
residue is concentrated by rotary evaporation . The table 1V.5 shown the yield and description

of the crude extract obtained from Launeae nudicaulis plant .

Table IV.5 : Color and yield of Launeae nudicaulis methanolic extract

Extract Color Yield (g) Yield (%)

MeOH Brown 16,93 8,465

The results indicated that methanolic extract yield of Launeae nudicaulis plant was similar to

the solvent polarity.
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4.2.2 \Warionia Saharae extraction

To obtain different extracts of the powdered leaves of Warionia Saharae plant , we realized
solid — liquid extraction (reflux extraction ) with different solvents in increasing polarity :
Diethyl ether , chloroform (CHCI3) , ethyl acetate (EtOACc) , butanol (BuOH) and methanol
(MeOH water) .

Then we realize a liquid — liquid extraction of the water phase of hydro-methanolic extract
with Diethyl ether , ethyl acetate (EtOAc) and butanol (BuOH) three times.

1. Solid - liquid extraction

The solid - liquid extraction of Warionia saharae plant permitted to obtain five crude extracts
. Ether extract , chloroform extract, ethyl acetate extract , butanol extract and methanol

extract.

The calculation of yield extraction compared to the total weight of Warionia saharae powder
leaves show that the polar extracts butanol (BuOH) and (MeOH) have given the highest
proportions in comparaison with apolar extracts . This can be explained that diethyl ether ,
chloroform and ethyl acetate are apolar organic solvents used just to degrease the plant .

Table 1V.6 :Color and efficiency of the Warionia saharae extracts

Extract Color Yield (g) Yield (%)
Diethyl ether Green 0,625 1,25
Chloroform (CHCI3) | Green 1,31 2,62

Ethyl acetate (EtOAc | Green 1,5 3

Butanol (BuOH) Brown 2,675 5,35
Methanol (MeOH ) Green 2,31 4,62
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The butanol extract present a highest yield extraction (5,35%) , followed by methanol extract
(4,62%) and then with ethyl acetate extract (3%) , chloroform extract (2,62%) , the lowest

yield extraction is observed in ether extract (1,25%).

L4 Diethyl ether
H Chloroform
i EtOAC
 BuOH

M MeOH

Figure 1V.1 Efficiency of the Warionia saharae extracts
2. Liquid - liquid extraction

The liquid- liquid extraction of Warionia saharae plant provides three crude extracts : diethyl

ether extract , ethyl acetate extract and butanol extract .

Table 1V.7 : Color and yield of Warionia saharae liquid — liquid extraction .

Extract Color Yield (g) Yield (%)
Diethyl ether Green 1 2
Ethyl acetate (EtOAc) | Green 1,1 2,2
Butanol (BuOH) Brown 2,5 5

The results indicate that the extraction yield is linked to the polarity of the extraction solvent ,
where the butanol extract present a high proportion with 5 % followed by ethyl acetate extract
with 2,2% and ether extract with 2% .
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i Diethyl ether
H Chloroform

i EtOAC

Figure 1V.2 Efficiency of the Warionia saharae extracts ( liquid extraction)
4.3 Thin layer chromatography analysis results

4.3.1 Launeae nudicaulis extraction

TLC analysis of the crude extract of Launeae nudicaulis by using MeOH as an eluent present
four compounds with Rf equal to 0,63 — 0,72 — 0,87 and 0,90 under light 365 nm and
present one spot with Rf equal to 0,80 by using CHCI3/  MeOH as eluent system .

Table IV.8 : Thin layer chromatography analysis of Launeae nudicaulis methanolic

extract results

Extract Eluent system | Spot number Rf Fluorescence
selected
0.63 Purple
MeOH MeOH 04 0.72 Purple
0.87 Blue
0.90 Purple
MeOH MeOH/CHCI; | 01 0.80 Purple
(6/3)
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4.3.2 \Warionia saharae

1. Solid - liquid extraction

Thin layer chromatography of the crude plant extracts carried out using Silicagel aluminum
plate. The results of TLC analysis of all extracts of Warionia saharae are summarized in table
IV.9 present the information on the retention factor of the chemical constituent and their

fluorescence.

Table 1V.9 : Thin layer chromatography analysis of Warionia Saharae solid — liquid

extraction results

Extract Eluent system | Spot number Rf Fluorescence
selected
0 Brown
0,16 /
0,3 /
Diethyl ether MeOH 7
0,46 /
0,60 /
0,76 /
0,90 Brown
0,06 Purple
0,2 Purple
CHCI; MeOH 4
0,3 Purple
0,96 Purple
0,4 Brown
EtOAC MeOH 3
0,66 Brown
0,83 Brown
0,23 Brown
BuOH MeOH/CHCl; 3
0,53 Brown
0,76 Purple
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MeOH

MeOH/CHCl;
(7/3)

0.31
0.45
0.59
0.7

0.83

Yellow
/
Yellow
/
/

The compound which has the retention factor Rf of 0,3 separated in the both extracts diethyl

ether and chloroform with the same eluent system which is MeOH .Whereas the compound
which has the Rf of 0,76 is separated with different eluent MeOH / CHCI3(7/3) for the butanol
extract and methanol for the ether extract.

2. liquid - liquid extraction

According to the results summarized in the table , we observed that the compound which has

the retention factor of 0,33 separated in the both extracts diethyl ether extract and ethyl

acetate extract with two different eluent MeOH/CHCI; (7/3) and CHCl; .

Table 1V.10 : Thin layer chromatography analysis of Warionia Saharae liquid - liquid

extraction results

Extract Eluent system | Spot number Rf Fluorescence
selected
0 Brown
0,16 Brown
. 0,2 Brown
Diethyl ether CHCl; 5
0,33 Brown
0,73 Brown
0,33 Brown
EtOAcC MeOH/CHCI; 5
0,7 /
(713)
0,76 Brown
0,83 Brown
0,96 Brown
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BuOH

CHCl; 3

0,66
0,86

Brown
Purple
Purple

4.4 Isolation and identification of natural compounds

4.4.1 Launeae nudicaulis methanolic extract

The crude extract is submitted a fractionation by column liquid chromatography by using

eluent in increasing polarity , we obtain 230 fractions of 30 ml , the results of this

fractionation are shown in table 1V.11

Table IV.11 : Fractionation of MeOH extract of Launeae nudicaulis

Fraction Eluent system TLC observation
1-15 Pure Petrol ether Nothing

16 - 25 Diethyl ether Nought

2634 Diethyl ether / Chloroform ( 90/10) Trail + 02 spots
35-46 Diethyl ether / Chloroform ( 80/20) Complex mixture

47 - 58 Diethyl ether / Chloroform ( 70/30) Mixture of 03 spots
59-71 Diethyl ether / Chloroform ( 60/40) Trail + 02 spots

72 -83 Diethyl ether / Chloroform ( 30/70) Trail

84 -95 Chloroform Yellow spot

96 — 109 Chloroform / Ethyl acetate (80/20) 02 spots + trail
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110-123 Chloroform / Ethyl acetate (60/40) 02 spots + trail

124 - 142 Ethyl acetate 02 Spots in majority + trail
143 - 155 Ethyl acetate/ Methanol (95/5) Trail

156 - 172 Ethyl acetate/ Methanol (90/10) Mixture of five spots

173 -180 Ethyl acetate/ Methanol (50/50) Complex mixture

181 - 200 Ethyl acetate/ Methanol (30/70) Trail + 03 Spots

201 - 230 Methanol Trail + 02 spots in majority

The fractions that present similarities are combined to 13 lots , the table 1V.12 present 13

lots

Table 1V. 12 . Lot number and their TLC observation

N lot Fraction Weight TLC observation
01 1-25 00 Nothing
02 26 - 34 200 Trail + 2 spots
03 35-46 150 Complex mixture
04 47 -71 420 Mixture of 3 spots
05 72 -83 90 Trail
06 84 -95 130 Yellow spot
07 96 - 123 230 02 Spots + trail
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08 124 - 142 720 02 spots in majority + trail
09 143 - 155 420 Trail

10 156 - 172 660 Mixture of 05 spots

11 173 -180 300 Complex mixture

12 181 - 200 340 Trail + 03 spots

13 201 - 230 980 Trail + 02 spots in majority

4.4.2 Purification of product

1. Study of lot N 06

Chromatographic analysis under UV light of lot N 06, shows the presence of the single yellow

spot, so this product possess the following characteristics:

Table IV .13 : Characteristics of lot N 06

Lot N 06
Wieght (mg) 130
TLC condition Chloroform / Methanol (CHCI3; / MeOH : 10/1)
Fluorescence invisible compound under UV light , and provides a pink color after

revelation to sulfuric vanillin .

Efficiency 2,60%
Code LN A
Physical aspect Solid
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2. Study of lot N 08

Chromatography analysis of lot N°08 demonstrate the appearance of two spots in majority ,

by using eluents in increasing polarity .

Table 1V .14 : Fractionation of lot N°08
Fraction Eluent system TLC observation
1-10 Petrol ether Nothing
11-18 Chloroform Trail
19 - 28 Chloroform/ ethyl acetate (30/70) Complex mixture
29 -40 Chloroform/ ethyl acetate (40/60) Trail
41 -52 Chloroform/ ethyl acetate (50/50) Spot + trail
53 - 68 Chloroform/ ethyl acetate (70/30) Spot + trail
69 — 85 Chloroform/ ethyl acetate (80/20) Trail
86 — 100 Ethyl acetate Spot in majority + trail

The similar fractions are grouped in 07 sub lots , the table V.15 shows the sub lots of fraction

N°08

Table 1V.15 : Sub lots of fraction N°08

Sub lot Fraction Weight(mg) TLC observation
01 1-10 00 Nothing
02 11-18 60 Trail
03 19-28 100 Complex mixture
04 29 -40 90 Trail
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05 41 — 68 110 Spot + trail
06 69 — 85 70 Trail
07 86 — 100 240 Spot in majority + trail

The sub lot N°07 submitted a new liquid chromatography by using the following elution

system : diethyl ether , gradient of diethyl ether in ethyl acetate then the pure ethyl acetate ,

this fractionation permit to isolate compound B which has the following characteristics :

Table IV .16 : Characteristics of lot N 08 , sub lot N 07
Lot N 08
Sub lot N 07
Wieght (mg) 190

TLC condition

Hexane /Dichloromethane / Methanol (1/ 1/0.2)

Retention factor

0,57

Fluorescence

visible: yellow , 365 nm : red , 254nm : green .

Efficiency 3,80%
Code LNB
Physical aspect Solid green
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3. Study of lot N 10
The fractionation of lot N°10 by column chromatography realized as the following :

Table IV . 17 : Fractionation of lot N°10

Fraction System eluent TLC observation
1-12 Petrol ether Nothing
13-18 Ether / Ethyl acetate (90/10) Small spot
19-29 Ether / Ethyl acetate (80/20) 02 spots
30-45 Ether / Ethyl acetate (60/40) 02 spots

46 — 58 Ether / Ethyl acetate (20/80) Trail

59 -80 Methanol 02 spots in majority

The fractions that present similarities were grouped into 05 sub lots

Table IV .18 : Sub lots of fraction N°10

Sub lot N Fraction Weight (mg) TLC observation
01 1-12 00 Nothing
02 13-18 65 Small spot
03 19-29 80 02 spots
04 30 -58 130 Trail
05 59 - 80 320 02 spots in majority

The fractionation of sub lot N°05 by column chromatography and using eluents in increasing

polarity permit to separate the compound C which has the following characteristics :
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Table IV .19 : Characteristics of lot N 10

Lot N 10

Sub lot N 05
Wieght (mg) 180
TLC condition Chloroform /Methanol/ Water(CHCIls/ MeOH/ Water : 10/1/0.5)
Retention factor 0,78
Fluorescence visible: green, 365 nm : red , 254nm : brown .
Efficiency 3,60%
Code LNC
Physical aspect Solid brown

4. Study of lot N 13

Chromatographic analysis of lot N°13 demonstrate a mixture of two compounds , the
separation of this both compounds realized with liquid chromatography and using elution

system in increasing polarity , the table show the fraction of lot N°13.

Table IV .20 : Fractionation of lot N°13

Fraction System eluent TLC observation
1-07 Petrol ether Nothing
08 -19 Ether / Ethyl acetate (80/20) Trail
20-31 Ether / Ethyl acetate (60/40) Small spot + trail
32-40 Ether / Ethyl acetate (50/50) Small spot + trail
41 - 49 Ether / Ethyl acetate (20/80) Small spot + trail
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50 — 65 Ethyl acetate One spot

66 — 73 Ethyl acetate/ Methanol (80/20) Small spot + trail

74 - 88 Ethyl acetate/ Methanol (60/40) Mixture of 04 spots

89 -96 Ethyl acetate/ Methanol (50/50) Mixture of 04 spots
97 — 102 Ethyl acetate/ Methanol (30/70) Mixture of 04 spots
103 - 110 Ethyl acetate/ Methanol (20/80) Mixture of 04 spots
111 -125 Methanol Spot in majority + small

brown spot

Systematic exam by thin layer chromatography of fractions permit to grouped in 07 sub lots

as shown in the table :

Table IV .21 : Sub lots of fraction N°13

Sub lot Fraction Weight (mg) TLC observation
01 1-7 00 Nothing
02 8-19 60 Trail
03 20 - 49 70 Small spot + trail
04 50 - 65 150 One spot
05 66 — 73 95 Trail + small spot
06 74 - 110 180 Mixture of 04 spots
07 111 -125 280 Spot in majority + small brown spot

Thin layer chromatography analysis of sub lot N°04 shows that contains a single spot

therefore it is a separated compound which has the following characteristics :
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Table IV .22 : Characteristics of lot N 13, Sub lot N 04

Lot N 13

Sub lot NO4

Wieght (mg)

150

TLC condition

Chloroform /Methanol(CHCI3/ MeOH : 10/1)

Retention factor

0,52

Fluorescence

254 nm : yellowish

Efficiency 3,00%
Code LND
Physical aspect Solid white

The sub lot N°07 submitted a liquid chromatography by using different eluent permit to

isolate the compound E in majority, which present the following characteristic:

Table IV .23 : Characteristics of lot N 13, sub lot N 07

Lot N 13
Sub lot NO7
Wieght (mg) 200
TLC condition Chloroform /Methanol/ Water(CHCI3/ MeOH/ Water : 10/1/0.5)

Retention factor

0,52

Fluorescence

254nm : brown .

Efficiency

3,00%
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Code LN E

Physical aspect Solid brown

4.4.3 Warionia saharae Solid — liquid extraction

According to the results show in table , the isolated products that have Rf equal to 0,65 , 0,85

are found in all extracts with different mass , while the compounds which have Rf equal to

091, 0,82, 0,88, 0,83, 0,94 are separated in butanol extract , ethyl acetate extract and

chloroform extract .

Table 1V.24 : Results of TLC analysis of separated compounds ( solid — liquid extraction

) with liquid column chromatography

Extract Lot Rf M(mg)
Ws-E -01 0,85 1
Diethyl ether extract | Ws-E -02 0,71 10
Ws-E -03 0,65 50
Ws-CH -01 0,97 700
Ws-CH -02 0,85 300
Ws-CH -03 0,94 200
Ws-CH -04 0,88 400
Ws-CH -05 0,28 700
CHClsextract WSs-CH -06 0,77 400
Ws-CH -07 0,91 800
Ws-CH -08 0,65 600
Ws-CH -09 0,82 100
Ws-CH -10 0,83 200
Ws-Et -01 0,74 500
EtOAC extract Ws-Et -02 0,71 300
Ws-Et -03 0,68 400
Ws-Et -04 0,65 700
Ws-Et -05 0,91 100
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Ws-Et -06 0,62 200
Ws-Et -07 0,48 400
Ws-Et -08 0,28 600
Ws-Et -09 0,61 600
Ws-Et -10 0,88 100
Ws-Et -11 0,85 200
Ws-Et -12 0,40 600
Ws-Et -13 0,51 100
Ws-Et -14 0,94 500
Ws-Et -15 0,97 500
Ws-Et -16 0,83 700
Ws-Et -17 0,80 400
Ws-Et -18 0,82 100
Ws-Et -20 0,57 800
BUuOH extract Ws- Bu -01 01 200
Ws- Bu -02 0,91 200
Ws- Bu -03 0,68 400
Ws- Bu -04 0,65 700
Ws- Bu -05 0,77 100
Ws- Bu -06 0,85 100
Ws- Bu -07 0,74 100
Ws- Bu -08 0,88 300
Ws- Bu -09 0,92 100
Ws- Bu -10 0,83 100
Ws- Bu -11 0,87 200
Ws- Bu -12 0,94 200
Ws- Bu -13 0,86 200
Ws- Bu -14 0,82 200
Ws- Bu -15 0,90 160
Ws- Bu -16 0,89 200
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4.4.4 Warionia saharae Liquid - liquid extraction

The compounds which have Rf similar to 0,82 , 0,88 , 0,91 and 0,94 are separated with two
solvent diethyl ether and ethyl acetate .

Isolated compounds that possess Rf equal to 0,82 , 0,88 , 0,91 , and 0,94 are extracting with
all solvent in the case of two extraction method : solid —liquid extraction and liquid —liquid

extraction .except in the case of ether in solid— liquid extraction .

The compound which has retention factor equal to 0,85 was found in all extracts of solid —

liquid and liquid — liquid extraction .
Ethyl acetate extract don’t contain high separated compounds quantities .

Table 1V . 25 : Results of TLC analysis of separated compounds ( lquid — liquid
extraction ) with liquid column chromatography

Extract Lot Rf Mass (mg)
Ws-E -01(L-L) 0,68 1
Ws-E -02(L-L) 0,77 2
WSs-E -03(L-L) 0,82 100
Diethyl ether Ws-E -04(L-L) 0,88 10
extract Ws-E -05(L-L) 0,91 10
Ws-E -06(L-L) 0,94 10
Ws-E -07(L-L) 0,97 20
Ws-E -08(L-L) 0,85 100
EtOAC extract Ws-Et -01(L-L) 0,71 1
Ws-Et -02(L-L) 0,82 10
WSs-Et -03(L-L) 0,97 40
Ws-Et -04(L-L) 0,94 10
Ws-Et -05(L-L) 0,91 40
WSs-Et -06(L-L) 0,74 1
Ws-Et -07(L-L) 0,88 70
Ws-Et -08(L-L) 0,57 10
WSs-Et -09(L-L) 0,77 70
WSs-Et -10(L-L) 0,62 10
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Ws-Et -11(L-L) 0,65 10
Ws-Et -12(L-L) 0,45 30
Ws-Et -13(L-L) 0,40 100
Ws-Et -14(L-L) 0,85 30

4.5 Identification and classification of isolated compounds
45.1 Launeae nudicaulis methanolic extract
1. UV spectroscopy

> LN.A

The compound LN.A is in the form of a yellow solid soluble in methanol, this compound is

invisible under UV light and gives a pink color after revelation to vanillin sulfuric.
> LN.B

The compound LN.B is isolated as a light green powder, soluble in the methanol and
chloroform. The UV spectrum in methanol shows maximum absorption at 270 nm related to

band Il , and another to 318 nm relative to band | characteristic of a flavonol.

Table 1V.26  : UV spectroscopy analysis results of LN.B with different reagents
according to Mabry

Reagent Band I (nm) Band Il (nm)
Eluent 318 256 — 271
NaOAc 349 253 ep, 266
MeONa 311 253 ep, 266
AICl; 312,373 253 ep, 266
AICl3 / H” 312,375 253 ep, 266
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The UV spectrum observed in the eluent shows two peaks in the band Il , the presence of a

system of 3°, 4* dioxygen.

The appearance of a second maximum in the band I at 375 nm is observed with AICIz/H"
revealing to a bathochromic shift induced with OH in position 5, while the same reagent

without acid not make changes to this spectrum.

The addition of the weak base does not cause a bathochromic shift of the band Il, which
means that the hydroxyl group at position 7 is free. In the same spectrum the bathochromic

shift of the band | at 31 nm indicates that the hydroxyl group at 4’ position is free.
» LN.C

The compound LN.C is a brown solid, soluble in methanol, as well as other polar solvent, and
chloroform. This compound showing a red fluorescence under UV light at 365 nm and brown
at 254 nm envisage a structure of flavonoid confirmed by both maxima at 258 and 352 nm of
UV spectrum characteristic of band I and 1.

> LN.E

The compound LN .E is a brown solid , soluble in polar solvent , it present in TLC a brown
spot under UV light at 254 nm .

The UV spectrum realized in MeOH demonstrate three maximum absorption bands at 271 ,

312 and 318 nm characterized of a flavanone .

Table IV . 27 : UV spectroscopy analysis results with different reagents according to
Mabry

Reagent Band | (nm) Band Il (nm)
Eluent 312,318 271
NaOAc 323, 368 280
MeONa 323, 355 231 ep
AICl; 324,395 ep 246
AICI3 /H* 324,373 250
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Add of weak base NaOAc don’t induce to a bathochromic shifting of band Il , There is not a

free hydroxyl group at position 7 .

Appearance of second maximum in band | at 373 nm , observed with AICI; / H" reagent

indicate a bathochromic shift of hydroxyl group in position 5 .

The solution AICl; demonstrate with the maximum band | at 395 nm the presence of two

group ortho — hydroxyl on cycle B (3’ , 4’ position ).
2. Infrared spectroscopy identification

> LNA

Infrared spectrum of LNA compound indicate the presence of hydroxyl group ( 3442,79 cm™)
, olefin (1656,45 cm™) and absorption band of aliphatic C-H link at 2918,36 and 2852,81 cm™
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Figure IV.3 IR spectrum of LN.A compound
> LNB

Infrared spectrum of LNB compound show the presence of hydroxyl group at 3415,48 cm™ ,
carbonyl group at 1727, 47 cm™ | olefin at 1607,28 cm™ and absorption bands of aliphatic
C-H link at 2918,36 and 2852, 81 cm™.
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Figure 1V.4 IR spectrum of LN.B compound
» LNC

Infrared spectrum of LNC compound indicate the presence of hydroxyl group (3442,79 cm™),
carbonyl (1738,39cm™) and aromatic (1465,29cm™).
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Figure IV.5 IR spectrum of LN.C compound
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> LNE

Infrared spectrum of LNE compound shows the presence of hydroxyl group (3431,87cm™) |,
olefin (1601,82 cm™), carbonyl ( 1738,93 cm™) and absorption bands of aliphatic C-H link at
2956,60cm™ , 2918,36 cm™ and 2847,34 cm™ .

The characteristic bands observed in the spectrum of the separated compounds located at
3415,48 cm™ — 3459,18 cm™ come from the stretching of O-H bond .

The appearance of intense bands varied between 2841,88 and 2956,60 cm™ corresponding to

stretching vibration of CH, and CHj3 group .
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Figure 1V.6 IR spectrum of LN.E compound

All infrared spectrums of the separated compounds except LNA compound possess absorption

peaks around 1700,15 cm™ and 1743 cm™ is due to carbonyl group .

Theoretically, carboxylic acids, ester , ketones , aldehydes and amides show a strong
stretching absorption of C=O joint between 1800cm™ — 1650 cm™ .
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The infrared spectra present bands between 1645,52 cm™ — 1667,37 cm™ correspond to C=0

bond of ketone a ,f3 unsaturated .

v Yy

Intense peaks of 1601 cm™ and 1607 cm™ characterize ethylene bond .

The low frequencies between 1465,52cm™ and 1454,32 cm™ are typically of the aromatic

J

The absorption at 1006,37 cm™ and 1181,18cm™ confirm stretching band of C-O, this

compounds .

involves the presence of an aliphatic ether CH3-O- .

The band appears at 1241,27 cm™ and 1246,74 cm™ indicates the presence of conjugated

-, O

According to the spectral analysis of separated compounds, we suggest the presence of two

ether oxide .

flavonoids classes and structure of sterol.

A flavone substituted with hydroxyl or methoxy group .
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It is a flavanone that is due to by the absence of ethylene function C=C.
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Band(cm™)
Separated
compounds V o-H VcH Vc=o0 | Vc=c 6 Vc-o Vc-o ’Y:c-H
ester | Arom CHs O-H a,B insaturated
2918,36 1456,45
LN.A 3442,79 | 2852,81 - 1656,45 1459,79 1383,31 - - 984,52
722,31
1066,46
LN.B 3415,48 | 2918,36 | 1727,47 | 1607,28 1455,25 1388,77 1028,22 585,84
2852,81
2918,36 1033,69
LN.C 3449,79 | 2841,88 | 1738,39 | 1465,25 1377,85 1241,27 1159,33 716,84
2918,36 1454,32 1175,72 580,27
LN.E 3431,87 |2847,34 | 1738,39 | 1601,82 1492,56 1377,85 1246,74 1077,39 705,92
2956,60 1033,66 962,67
1006,37

Table 1V.28 : Infrared spectroscopy of Launeae nudicaulis compounds
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3. NMR spectroscopy

» LNA Proton NMR spectroscopy

'H NMR spectrum of the LNA compound present methyl signals towards a sterol structure .

This spectrum shows the following methyl signals :

v Two singlet signal ( 54 = 0,893 ppm and 9, = 1,292 ppm ) correspond to methyl
group CH3(18) and CH3(19) respectively .

v Asignal at 3 = 0,918 ppm as doublet form attributed to methyl group CH;(21) .

v A multiplet signal at 3, = 2,844 ppm corresponds to proton H(3).

v Asignal at 3 =5,337 ppm as doublet form characterize an olefin proton H(6).

—7:298—
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Figure 1V.7 '"H NMR spectrum of LN.A compound
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> LNA *C NMR spectroscopy
The study of the *C NMR spectrum of this compound shows the presence of 29 carbon atom.

This last confirm the presence of :

v" Double bond with signals at 9: = 130,20 ppm which correspond to quaternary carbon
C(5) and 9 = 115,5ppm relating to ethylic carbon C(6).

v Six methyl signals varied between 12,5 and 19,5 ppm correspond to six methylic
carbons .

v Asignal at O¢ = 72,855 ppm attributed to C(3) carrying an hydroxyl group .

These information are characteristic to a phyto sterol which having an hydroxyl group (OH)

on the carbon 3 and a double bond at C5-Cg .
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Figure 1V.8 *C NMR spectrum of LN.A compound
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Table IV .29 : Proton and carbon NMR spectroscopy of LNA compound

Position

]

C H
1 36,957 1,601
2 29,856 1,483
3 72,855 2,844
4 38,596 2,386
5 130,20 -
6 1155 5,337
7 30,491 2,200
8 30,381 1,371
9 44,695 0,918
10 34,058 -
11 22,112 1,689
12 34,798 1,145
13 42,3 -
14 59,769 1,371
15 24,429 1,668
16 28,740 1,678
17 56,53 1,141
18 14,909 0,893
19 36,997 1,315
20 17,293 0,918
21 32,719 1,683
22 30,272 1,670
23 30,272 1,315
24 44,695 1,670
25 29,097 0,893
26 16,175 0,893
27 19,5 1,322
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28 23,484 0,893

29 12,5

By combination of different spectroscopic informations , we can identified the LNA
compound as : 24 — ethyl — cholest — 5 —en — 3ol .

Figure IV.10 : Proposed Structure of LNA compound

» LN.B Proton NMR spectroscopy

The majority signals of *H NMR spectrum of the LNB compound is observed in the region of

high field indicating the presence of the aliphatic protons.

v' The absence of signals between 6,5 and 7,9 ppm indicates that all positions of the

aromatic ring A and B are fully substituted.
v Two protons have a chemical shift between 9 =5,286 and 5,356 are corresponding to

H(21) and H(31).
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Figure IV.11 *H NMR spectrum of LN.B compound
» LN.B*C NMR spectroscopy

The study of the *C NMR spectrum of the compound LNB provides complementary
information by displaying 18 signals. We observe several quaternary carbons that we can
attributed to the ring A and B.

v' A characteristic signal of carbonyl signal present a chemical shift at 9c = 174,363 ppm

v The carbons resonant at dc = 162,567 , 150,881 , 150,688 ppm corresponding to :
C(5) , C(8a) and C(2) respectively .

v The other signals that resonate in the region of high fields are consistent with aliphatic
groups : CH, CH,, CHgs.
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Figure 1V.12 *C NMR spectrum of LN.B compound

Table 1V .30 : Proton and carbon NMR spectroscopy of LNB compound

Position 8¢ "
2 150.688 -
3 135.50 -
4 174/363 -
5 162.567 -
6 92.074 -
7 166.1 -
8 92.756 -
8a 150.881 -

4a 102.00 -
I 127.996 -
2 156.3 -

86



Chapter IV Results and discussion

3’ 148.5 -

4 140.00 -

5’ 148.20 -

6’ 156.00 -

9 30.25 2.28-2.30, t, 2H
10 33.20 1.566, m, 2H
11 29.749 1.566, m, 2H
12 27.347 1.564, m, 2H
13 26.742 1.552, m, 2H
14 27.345 1.564, m, 2H
15 29.747 1.566, m, 2H
16 16.50 0.839, s, 3H
17 16.50 0.861, s, 3H
18 18.20 1.238, d, 3H
19 25.45 2.782, brs, 1H
20 20.35 1.569, d, 3H
21 121.15 5.28-5.35, t, 1H
22 131.50 -

23 20.10 1.569, s, 3H
24 23.50 1.569, s, 3H
4> 30.23 2.055,t, 2H
57 28.10 2.031,t,2H
6> 78.35 -

25 27.345 1.564, s, 3H
26 27.350 1.566, s, 3H
27 30.20 2.03-2.05, d, 2H
28 125 5.28-5.35, t, 1H
29 1315 -

30 23.5 1.569, s, 3H
31 25.70 1.569, s, 3H
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All these data is used to establish the structure of this compound as the : 5,7, 3°, 4” — tetra
hydroxyl 8 —(11 , 15 — dimethyl octyl ) 6 —( 19, 22 — dimethyl but — 21 — enyl ) 2’- (29-
methyl but -28- enyl ) 6°” , 6 ©* — dimethyl tetra hydroxyl pyrano [2°’, 3", 5°,6°] flavonol

Figure 1V. 13 : Proposed structure of LNB
» LN.C Proton NMR spectroscopy
'H NMR spectrum of the LN.C compound provides the following results :

v The protons of ring A of flavonoid usually appear on the *H NMR spectrum between
6 and 6,5 ppm .

v' On the 'H NMR spectrum of LNC compound, we observe the absence of these
aromatic protons, whih indicates that all positions of the A ring are substituted.

v The protons of B ring of flavonoid are visible on *H NMR spectrum between 6,5 and
7,9 ppm.

v On this *H NMR spectrum, we observe the presence of two aromatic singlet protons at
8, = 17,335 ppm , These protons are with H(2”) and H(6).

v' The signal at 5, = 5,372 ppm is a signal that corresponds to the proton H(2) .
On the same spectrum, we observe a triplet signal resonant between 9 = 3,692ppm

and 9, = 3,736 ppm is attributed to the proton H(3).
v The other signals are according to the aliphatic proton CH ,CH, , and CH3.

88



| I O L I L L L L I

T T T VYT T T T T T
| | |

Chapter IV Results and discussion
T 7
| |

8 5 8T8 S8228388RHC8E388R 8 88
~ [Te] ® Mo NNNNNNF“;FTF?; ‘._‘_“_F‘_o?k
! ] ‘!C‘HMM/WI;M
| J \ [ 1] |
|
i
I
IR
1R
‘1 ! i
I
I \
(| ]
1.
o -
.
I\H 1 |
o \
Fi ‘\ |
Hin |
AR
I A
ol
I
;\ Il AN TR
NN § I B S -Ll‘\‘kif //A\"‘"\Wﬁu Lﬁ__w
0 = - o I
3 S P 3 PN 88 N
If—T—T' T T “Tﬁﬁ"\"ﬁil [ T T v-_‘i T T \_"ﬁ“rl T T " T T !‘ ‘ T T T \ T ;'—T T ( T
8.0 7.0 6.0 5.0 4.0 3.0 20 10 nn

Figure 1V.14 *H NMR spectrum of LN.C compound
» LNC *C NMR spectroscopy

The study of *C NMR spectrum of the LN.C compound

provides additional information ,

We observe seven quaternary carbons that we can attributed to the ring A and B of a

substituted flavonoid at 5, 6,7 ,8,3’,4” and 5’ .

v
v
, C(3°) ,C(5”) and C( 7) respectively .

C(1°), C(2°), C(6’) and C(6) .

flavanone .
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A characteristic signal of carbonyl (C- 4) with a resonance at ¢ = 192,42 ppm .

The carbons with resonance at 153,34, 148,7 and 141,10 ppm corresponding to C(4’)

The resonance of 128,13 ; 126,6 . 122,6 ppm are attributed to the following carbons :

A characteristic signal at 5c = 75,7 ppm concerning to C(2) of flavanone .

Another characteristic signal at 5c =68, 97 ppm which corresponding to C ( 3) of
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Table 1V . 31: Proton and carbon NMR spectroscopy of LNC compound

Figure 1V.15 *C NMR spectrum of LN.C compound

Position 3¢ Sh

2 75.702 5.372,d, 1H
3 68.978 3.714,t, 1H
4 195.42 -

5 167.60 -

6 126.62 -

7 141.10 -

8 92.756 -

8a 159.10 -

4a 103.20 -

r 128.1 -

2’ 122.6 7.335,s, 1H
3 148.7 -
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4 153.7 -

5 148.7 -

6’ 122.6 7.335, s, 1H

9 31.90 2.38-2.42, m
10 33.2 1.687, m, 2H
11 29.90 1.681, m, 1H
12 27.347 1.678, m, 2H
13 26.742 1.663, m, 2H
14 27.345 1.670, m, 1H
15 25.80 1.678, m, 1H
16 12.50 0.928, d, 3H

17 12.55 0.952, d, 3H

18 13.50 1.181,d, 3H

19 29.90 2.38-2.42, m
20 25.60 1.356, d, 3H

21 25.20 1.327,d, 3H

4> 32.90 2.38-2.42, m
5 72.19 -

22 25.54 1.404, s, 3H

23 25.10 1.393, s, 3H

The combination of the different spectroscopic data , we can purpose the following structure
of LN.C compound : 5, 3°, 4’ , 5> — tetra hydroxyl , 8- ( 11, 15 — dimethyl octyl ) 3 —
isopropyl , 5’ , 5°” — dimethyl tetra hydroxyl furano [ 2°’, 3”°, 6, 7 ] flavanone .
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Figure IV.16 : Proposed structure of LNC

> LN.E Proton NMR spectroscopy

v" The *H NMR spectrum of LN.E compound present signals of the aromatic protons of
ring B of flavonoid at 3y = 7,283 ppm and 9 = 7,231 ppm forming singlets
corresponding to protons H(2’) and H(6”) .

v" Furthermore, signals at 94 =2,82 ppm (1H,dd, H-3a), 3, = 3,74 ppm ( 1H, dd , H-

3b) and 54 = 5,382 ppm ( 1H, dd , H-2) are characteristic signals of flavanone .
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Figure 1V.17 *H NMR spectrum of LN.E compound

92

250

— 200



Chapter IV Results and discussion

> LNE *C NMR spectroscopy

v Analysis of **C NMR spectrum provide more information , This spectrum has shown

a signal at ¢ = 187,046 ppm concerning of carbonyl group and aliphatic carbon at 9¢

= 43,756 ppm . In addition, deshielding signals between 5c = 162,916 ppm and 5¢ =

167,215 ppm are characteristic of quaternary carbon .
v" The information provided by infrared spectrometry, ultraviolet and *H NMR, *3C
NMR , we can say that the LNE compound has the characteristic of a flavonoid ,

which concern a structure of flavanone .
[
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Figure 1V.18 *C NMR spectrum of LN.E compound

Table 1V . 32: Proton and carbon NMR spectroscopy of LNE compound

Position 3¢ 5h

2 77.817 5.382, dd, 1H

3 43.756 2.827,dd, 1Ha
3.745, dd, 1Hb

4 187.046 -
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5 162.916 -

6 97.63 -

7 167.215 -

8 110.547 -

8a 154.945 -

4a 100.589 -

| 131.935 -

2 129.013 7.281, s, 1H
3 134.156 -

¢ 154.433 -

5 142.765 -

6’ 129.013 7.283,s, 1H
9 97.070 4.620, d, 1H
10 122.2 5.319,d, 1H
11 135.40 -

12 17.525 2.191, s, 3H
13 14.605 2.068, s, 3H
4> 30.20 2.338, t, 2H
5 28.10 2.288, t, 2H
6’ 53.339 -

14 32.155 1.057, s, 3H
15 23.150 1.031, s, 3H
16 130.20 -

17 115.62 4534, d, 1H and 4.502, d,

1H
18 18.50 1.304, s, 3H

The suggested structure of the LN.E compound is : 5, 3’ , 4’ — trihydroxy , 8-(9 —hydroxy —
11 — methylbut — 10 — enyl ) 5’- ( 16- methylprop -16- enyl ) 6” , 6” — dimethyl tetrahydroxy
pyrano [2”,3”, 6, 7] flavanone .
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Figure IV. 19 : Proposed structure of LNE

4.5.2 Warionia saharae Solid - liquid extraction

1. UV spectroscopy

a. Butanol fraction

The sixteen isolated compounds belong to flavonoid class , this fraction is rich in hydroxyl

and methoxyl flavone ( 10 flavones , 2 flavanol derived from taxifolin , a flavanone and an

isoflavone )

Table 1V.33 : Classification and identification of compounds isolated from Warionia

saharae butanol fraction of the solid — liquid extraction .

Lot Band | Band I1 Class identification
Ws- Bu -01 329 262,268,272,274, Flavone 3°,4’ 5" Trimethoxy
338 276,278, 5,6,7 Trihydroxy flavone
282,291
326,333, 264,273,375,281 Flavone 3’,4” dimethoxy
Ws- Bu -02 338,343,334, 5,7,8 Trihydroxy flavone
351,355
Ws- Bu -03 325,331 260,269,271 Flavone 3°,4” dimethoxy 6-hydroxy
273,275,297 flavone
Ws- Bu -04 329,335,342 279,273,275, Flavone 3,4, 7-Trihydroxy flavone
280,284
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Ws- Bu -05 334,338 263,270,272, Flavone 3’,4’ dimethoxy 5,7
276,278,281 dihydroxy flavone
Ws- Bu -06 324,328,336 262,268, Flavone 3°,4’,5” Trimethoxy
337,339, 276,278 5,6,7 Trihydroxy flavone
343,344
Ws- Bu -07 - 265,271,278,283 -
Ws- Bu -08 300,307,313,
316,
320,328,336, 262,266,271, Flavone 3’,4’ dimethoxy
344, 275,283 5,7 dihydroxy flavone
349,355,359,
363,365
Ws- Bu -09 329,341 265,273, Flavanol Taxifolin
281,285,
Ws- Bu -10 - 272,277, Nd nd
Ws- Bu -11 334,343 269,272,279,284 Flavone 3’,4’ dimethoxy 7,8 —
dihydroxy flavone
Ws- Bu -12 335,338 262,271,276 Flavanol 4°,5,7 taxifolin
340,350
Ws- Bu -13 329,343,349 266,275,280, Isoflavone 6- Hydroxy Biochanin A
WSs- Bu -14 326,330,333 260,261, Flavanone Eriodictyol 3°, 4, 5’
337,340,343 270,277, trimethoxy
348,352,356,360
Ws- Bu -15 321,327,336, 270,276,283 Flavone- Luteolin-O-glycosyl 4°-
341,349,358,360 glycosyl methoxy 5,7 dihydroxy
Ws- Bu -16 | 327,336,342 260,266,269 Flavone 3’,4> — dimethoxy 5,7
271,273,278,280 dihydroxy flavone
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b. Ethyl acetate fraction

The ethyl acetate fraction contains only three compounds which belongs to flavonoid class ,
the identification of these compounds shows that we have two derivatives flavones and a

flavanol ( derivative of taxifolin ).

Table 1V.34: Classification and identification of compounds isolated from Warionia

saharae ethyl acetate fraction of the solid — liquid extraction .

Band 11 Class Identification
Lot Band |
Ws-Et- 01 - 262,268,272,274 - .
276
278,282,291
Ws-Et- 02 - 264,273,275,281 - -
Ws-Et- 03 - 260,269,271,273 - -
275,297
Ws-Et- 04 - 279,273,275, - -
280,284
Ws-Et- 05 - 263,270,272,27, - -
278,281
Ws-Et- 06 - 262,268,276,278 - -
Ws-Et- 07 - 265,271,278,283 - -
Ws-Et- 08 - 262,266,271, - -
275,283
Ws-Et- 09 - 265,273,281,285 - -
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Ws-Et- 10 - 272,277 - -
Ws-Et- 11 328,334, | 269,272,279,284 Flavone 3’, Methoxy ,
341 4°.5,6,7 Tetrahydroxy flavone
Ws-Et- 12 - 262,271,276 - -
Ws-Et- 13 - 266,275,280 - -
Ws-Et- 14 - 260,261,270,277 - -
Ws-Et- 15 - 270,276,283 - -
Ws-Et- 16 - 260,266,269,271 - -
273,278,280
Ws-Et- 17 339 260,269,271,273 Flavone 3°,4°,5,6,7- pentahydroxy flavone
278,281
Ws-Et- 18 338 261,270,272,275 Flavanol Taxifolin 6- hydroxy
279,282,292
Ws-Et- 19 - 263,269,271,278 - -
Ws-Et- 20 - 269,270,272,279 - -

c. Diethyl ether fraction

The compounds isolated from ether fraction don’t belong to flavonoid class and in general

don’t present any band I .
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Table 1V.35: Classification and identification of compounds isolated from Warionia

saharae diethyl ether fraction of the solid — liquid extraction .

Lot Band | Band Il Class identification
Ws-E- 01 - 270,276,279,280 - -
Ws-E- 02 - 270,274,277,279,284 - -
Ws-E- 03 - 262,266,272,276,284 - -

d. Chloroform fraction
According to maximal value of band I, the no identified compound belong to flavonoid class

is a an isoflavonoid .

Table 1V.36 : Classification and identification of compounds isolated from Warionia

saharae chloroform fraction of the solid — liquid extraction .

Lot Band | Band 11 Class identification
Ws-CH- 01 - 260,263,267,274,279 - -
Ws-CH- 02 - 261,263,268,270,274,277 - -
Ws-CH- 03 - 262,265,268,279,274,278,284 - -
Ws-CH- 04 - 261,263,267,277,282 - -
Ws-CH- 05 305 262,268,272,277,281,285 isoflavonoid Nd
Ws-CH- 06 - 262,269,274,280 - -
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Ws-CH- 07 - 263,268,277 -

Ws-CH- 08 - 264,272 - -
Ws-CH- 09 - 262,269,277 - -
Ws-CH- 10 - 262,265,269,274,278 - -

4.5.3 Warionia saharae Liquid - liquid extraction

a. Ethyl acetate fraction

The ethyl acetate fraction of liquid — liquid extraction is rich in flavone and isoflavone as:

Biochanin A, Genistein and Formononetine .

TablelV.37 : Classification and identification of compounds isolated from Warionia

saharea ethyl acetate fraction of the liquid — liquid extraction .

Lot Band I Band 11 Class Identification
Ws-Et- 01(L-L) 327,337,339 260,263,267,271,275 Flavone 3’,4’-dimethoxy
341,344 278,283,287,291 5,7,8-Trihydroxy
flavone
Ws-Et- 02(L-L) 301,306 265,271,273,278 Flavone 3’,4’-dimethoxy
327,342 5,7- dihydroxy
flavone
Ws-Et- 03(L-L) 325,330 265,275,278,283 Isoflavone 6 —Hydroxy
339,349 Bionchanin A
Ws-Et- 04(L-L) 303,306 260,262,269,272,274 Flavone 3’,4’,5’-Trimethoxy
326,347 5,6 —Dihydroxy
flavone
Ws-Et- 05(L-L) 301,319 268,271,273,277,279 Isoflavone 8 —Hydroxy 3°,5’-
328,340 Dimethoxy
Formononetin
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Ws-Et- 06(L-L) 324,327 265 ,270,278,281 Isoflavone 8 —Hydroxy 3’-
331 Methoxy Genistein
Ws-Et- 07(L-L) 308,326 266,271,275,278 Flavone 5,7- dihydroxy 4’-
Methoxy flavone
Ws-Et- 08 301 265,272,275,279 Isoflavone Formononetine
Ws-Et- 09 315,317,351 266,271,275,278 Flavone 5,7-dihydroxy 4’-
Methoxy flavone
Ws-Et- 10 304,311,326 263,270,272 Flavone 5,6,7-Trihydroxy
333,339,341,344 274,277,282 3’ ,4’-Dimethoxy

flavone

b. Diethyl ether fraction

Ether fraction is rich in isoflavone and flavone , three kind of isoflavone ( Biochanin A ,

Genistein and Formononetine ).

Table 1V.38 : Classification and identification of compounds isolated from Warionia

saharae diethyl ether fraction of the liquid — liquid extraction .

Lot Band | Band 11 Class Identification

Ws-E- 01(L-L) - 261,270,276,279 - -

Ws-E- 02(L-L) | 301,306,327,342 265,271,273,278 Isoflavone 3’-Methoxy ,5-Hydroxy

Formononetine
Ws-E- 03(L-L) | 325,330,339,349 | 2657275,278,283 Isoflavone 3°,6,8 —Trihydroxy
Biochanin
Ws-E- 04(L-L) | 303,306,326,347 | 260,262,269,272,274 |  Flavone 3°,4°,5,6,7 Pentahydroxy
flavone
Ws-E- 05(L-L) | 301,319,328,340 | 268,271,273,277,279 | Isoflavone Formononetine ,6,8

Dihydroxy
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Ws-E- 06(L-L) | 324,327,331,344 | 265,270,278,281 Isoflavone 3°,5’ —-Dimethoxy 6,8-

Ws-E- 07(L-L) 308,326 264,271,273,276,279 Flavone 4’-Methoxy 5,7dihydroxy
flavone
Ws-E- 08(L-L) 301 265,272,275,279 Isoflavone Formononetine

2. Infra-red spectroscopy analysis

The bands appears between (3377 — 3454 ) cm™ corresponding to stretching vibration of O-H
, the C-H aliphatic bond are present in infrared spectrum with fine and intense bands at 2957

cm*(.asymmetric stretch vibration of CH3 ).

Vibration frequencies located between (2918 — 2929 cm™ ) corresponding to asymmetric

stretch of CH, .Absorption bands at 2847 cm™ associated with symmetric stretching of CH, .

Stretching frequencies at 930 cm™ corresponding to deformation vibration out of insaturated
hydrocarbon plane .stretching vibration of cyclic ketone with six chain or more , or aliphatic
ketone located to 1717 cm™ , the frequencies at 1738 cm™ corresponding to carbonyl function

of saturated ester .

The vibrations at 1766 cm™ and 1771 cm™ for vinyl alcohol ester which have the following
fragment : -CO-O-C=C , this group causes an important augmentation of vibration
frequencies of carbonyl function ( vinyl acetate absorb at 1776 cm™ and phenyl acetate
absorb at 1770 cm™).

The vibration of deformation out of aromatic C-H plane depending to the position of others

substituents which have fixing on the benzene ring .

We note the existence of bands between 1150 — 1200 cm™ in all separated compounds , which
confirm the presence of aromatic alcohol corresponding to C-O aromatic vibration , and also
the existence of bands between 1033- 1170 cm™ which confirms the presence of primary ,

secondary and tertiary alcohol .

o | L
@w CHOH  _ on — G O
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We observe that these separated compounds present intense band between 1600 -1700 cm™,

this band indicates the existence of ketone function which is probably conjugated .

sUN U

O o

The spectrum of these compounds indicate the presence of substituted aromatic ring
confirmed by stretching vibration (C=C) located to 1500 cm™ and 1600 cm™.

Although , the vibration not appear well on the infrared spectrum due to masking by

broadening bands of OH function .

These last bonds are identified by vibration of deformation (=C-H aromatic which absorb

around 700cm™ .
Stretching vibration of —CHs , -CH, appear between 2850 cm™- 2960 cm™.

Vibration which exist in absorption domain between 1104 cm™ to 1275 cm™ present in all IR
spectrum of the compounds indicate the etheric group .

N

Absorption bands of 1250cm™ characterize an aliphatic ether oxide aryl .

{ o

Absorption band at 924 cm™ characterize a trans ethylic bond and the band at 1601 cm-* can

probably attributed to stretching vibration of C=C conjugated group .
| H
0 @)
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According to this interpretation, we conclude that the structure of these compounds is a
structure of flavonoid substituted by —OH, -O-CHgs, -O-CO-CHs.
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Table 1V .39 : Butanol fraction infrared characteristics

Band(cm™)
Separated
compounds | Y o+ Vecr | Ve=o | Vco Vee | Ve |0 0o Vc-o Vc-o |Y=ch |Ycr2
ester a,p Arom CH, O-H a,p
insaturated insaturated
2975 1285 875
Ws-Bu-01 3400 2924 1722 1656 1613 1574 1454 1378 1258 1072 821 711
2847 1509 1165 1034 613
2957 935
Ws-Bu-02 3415 2924 1722 / 1607 1509 1460 1378 1285 1072 870 /
2853 1159 1034 821
608
2962
Ws-Bu-03 3437 2918 1738 / 1607 / 1465 1378 1263 1083 / /
2853 1165 1028
2957 935
Ws-Bu-04 3388 2924 1706 / 1618 1569 1449 1383 1290 1077 875
2847 1514 1159 1039 826 /
695
640
586
2951 908
Ws-Bu-05 3410 2918 1733 1651 1607 1569 1465 1372 1258 1072 837 722
3017 2853 1503 1165 1023 815
608
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Band(cm™)
Separated
compounds V oH VcH Vc=o | Vc-o V c=c V c=c 6 6 Vc-o Vc-o ’Y: C-H ’YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2962 941
Ws-Bu-06 3377 2929 1716 1285 1072 870
2869 1700 1684 / 1503 1443 1378 1165 1034 821 /
2853 895
651
1165
Ws-Bu-07 3437 2962 1738 1651 1618 / 1465 1378 1269 1116 875 717
2924 1072 842
2853 1034
2956 1165 941
Ws-Bu-08 3388 2929 1717 1689 1613 1569 1454 1383 1280 1072 870
2853 1514 1034 826 /
700
640
613
2951 1285 941
Ws-Bu-09 3383 2924 1695 / 1618 1564 1460 1383 1203 1034 870 /
2847 1503 1159 821
613
2957 935
Ws-Bu-10 3382 2929 1700 / 1618 1569 1449 1389 1285 1072 870 /
2847 1509 1165 821
777
700
646
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2957 935
Ws-Bu-11 3377 2929 1717 / 1613 1564 1443 1400 1285 1072 870
2864 1509 1378 1165 1039 821
2853 755
648
635
2951
Ws-Bu-12 3343 2924 1733 / 1613 / / 1094 /
2847 1454 1383 1023
940
Ws-Bu-13 3388 2962 1706 / 1618 1569 1449 1389 1290 1077 875
2929 1503 1165 1039 826
2869 755
700
640
2957 935
Ws-Bu-14 3388 2918 1722 / 1613 1564 1443 1389 1285 1077 875
3875 1509 1159 1034 821
2853 1121 744
706
2957 1284 930
Ws-Bu-15 3372 2918 1706 / 1613 1569 1449 1400 1285 1072 870
2869 1503 1372 1258 1034 821
2853 1165 690
635
2968 935
Ws-Bu-16 3388 2924 1717 / 1618 1569 1454 1400 1290 1077 875
2847 1514 1378 1159 1039 826
690
640
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Table 1V.40 : Ethyl acetate fraction infrared spectroscopy characteristics

Band(cm™)
Separated
compounds Von VecH | Ve=o | Vc-o Vec=c Vc=c 6 Vc-o Vc-o yz C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2957 869
Ws-Et-01 | 3394 2924 1727 / 1624 / 1465 1378 1165 1066 789 /
2847 1274 744
613
2962 1285
Ws-Et-02 | 3421 2924 1733 / 1635 / 1460 1378 1165 1072 608 739
2853 1127 1039
2962 1072
Ws-Et-03 | 3426 2924 1733 / 1607 / 1454 1383 1280 1034 974 733
2853 1127 1012
2957
Ws-Et-04 | 3405 2918 1733 / 1629 / 1460 1383 1280 1066 870 717
2847 1121 788
2962 1263 908
Ws-Et-05 | 3399 2924 1733 1662 1602 / 1454 1378 1225 1077 832 728
2853 1411 1170 1034 771
1132 673
608
2962 1618 875
Ws-Et-06 | 3454 2924 1733 / / 1460 1378 1285 1072 793 /
2853 1127 1034 711
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Band(cm™)
Separated
compounds Von VecH | Ve=o | Vc-o Vec=c Vc=c 6 Vc-o Vc-o yz C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
3454 2951
Ws-Et-07 2918 1733 / 1635 / 1460 1378 1269 1034 870 /
2847 1411 1116 799
2957
Ws-Et-08 | 3448 2924 1733 / 1624 / 1460 1383 1269 1023 881 /
2853 1127
2924 1460 864
Ws-Et-09 | 3415 2852 1738 1673 1597 / 1416 1383 1121 1072 782 /
1028 684
2957
Ws-Et-10 | 3415 2924 1738 / 1629 / 1460 1383 1154 / 870 722
3230 2847 657
2957 1290 875
Ws-Et-11 | 3388 2918 1711 1656 1607 1509 1454 1378 1276 1072 821 /
2847 1165 1039 777
635
2957 1460 875
Ws-Et-12 | 3426 2918 1733 / 1607 / 1422 1378 1263 1028 /
2852 1121
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Band(cm™)
Separated
compounds Vo Ver | Veo | Vco Ve=c Ve=c 6 6 Vc-o Vc-o 'y: C-H 'YCHZ
ester a,p Arom CH, O-H a,p
insaturated insaturated
2962 1219 870
Ws-Et-13 | 3405 2918 / / 1635 1542 1471 1389 1148 1034 837 /
3230 2858 1427 1121 668
2836 608
2962 870
Ws-Et-14 | 3426 2924 1771 / 1607 / 1460 1378 1263 1034 777 /
2874 1731 1132
2962 1263 1072 914
Ws-Et-15 | 3426 2924 1771 1678 1602 / 1460 1383 1225 1039 832 727
2874 1733 1405 1181 1006 766
700
673
602
2957 875
Ws-Et-16 | 3426 2918 / / 1624 / 1454 1383 1192 1039 690 /
2847 1132 613
875
Ws-Et-17 3415 2957 1766 1651 1607 1503 1454 1378 1269 1077 821 /
2924 1727 1170 1034 771
2858 1121 662
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Band(cm™)
Separated
compounds Vo Ver | Veo | Vco Ve=c Ve=c 6 6 Vc-o Vc-o 'y: C-H 'YCHZ
ester a,p Arom CH, O-H a,p
insaturated insaturated
870

Ws-Et-18 | 3383 2957 1717 1651 1602 1558 1460 1383 1285 1083 821 /

2918 1514 1411 1263 1034 766

2853 1165 640
Ws-Et-19 | 3410 2957 1733 1651 1591 / 1554 1378 1263 1028 875 /

2913 1416 1198 799

2843 1105 619
Ws-Et-20 | 3410 2957 1733 / 1629 / 1454 1383 1263 1028 875 /

2924 1198 799

2847 1105 619
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Table 1V.41 : Diethyl ether fraction infrared spectroscopy characteristics

Band(cm™)

Separated

compounds VoH Vecu | Ve=o | Vco Vc=c Vec=c Vc-o Vc-o yz C-H 'YCHz

ester a,p Arom CHs O-H a,p
insaturated insaturated

Ws-E-01 3432 2957 1733 / 1618 1541.73 1460 1378 1165 1039 875 /
2924 1121
2853

Ws-E-02 3465 2957 1738 / 1613 / 1465 1372 1252 1028 974 717
2929 1165
2853 1121

Ws-E-03 3437 2951 1782 / / / 1465 1383 1247 1072 974 /
2924 1738 1170
2853

112




Chapter IV

Results and discussion

Table 1V.42 :Chloroform fraction infrared spectroscopy characteristics

Band(cm™)
Separated
compounds Von VecH | Ve=o | Vc-o Vec=c Vc=c 6 Vc-o Vc-o yz C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
Ws-CH-01 | 3426 2962 1738 1662 / 1498 1454 1378 1230 1034 744 /
2924 1176 700
2853 1116 591
Ws-CH-02 | 3426 2995 1771 1673 1607 1503 1460 1383 1258 1039 777 /
2962 1737 1411 1176 695
2929 1116 619
2847
Ws-CH-03 | 3465 2962 1771 / 1646 / 1454 1383 1258 1070 613 /
2913 1738 1170 1034
2853
Ws-CH-04 | 3437 2951 1771 1667 1629 / 1460 1378 1247 1077 810 722
2924 1738 1416 1165 1039 613
2847
2962 842
Ws-CH-05 | 3448 2924 1744 1673 1613 / 1465 1378 1187 1034 788 /
1858 1422 1127 624
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Band(cm™)
Separated
compounds VoH VecH | Ve=o | Vc-o Vc=c Vc=c 6 Vc-o Vc-o 'Y: C-H ’YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2962 1771 1460 1235.81 761
WSs-CH-06 | 3443 2924 1733 1662 1629 / 1411 1383 1170.26 1034 613 /
2847 1104.70
2962 1268.59 914
Ws-CH-07 | 3448 2924 1722 1656 1607 / 1460 1383 1235.85 1077 886 711
2869 1411 1312 1153.87 1039 810
2842 1115.63 651
602
2929 1733 1662 / / 1465 1372 1258 1088 782 /
Ws-CH-08 | 3448 2849 1154 643
602
3443 2957 1635 1508.95 | 1411 1389 1263 1072 837 /
WSs-CH-09 2918 1738 1662 1596 1318 1176 1039 777
2847 1121 619
3454 2951 1744 / 1640 / 1465 1378 1263 1034 903 /
Ws-CH-10 | 3394 2918 1602 1170 799
3181 2853 1116 700
619
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Liquid —liquid extraction

Table 1V.43 :Ethyl acetate fraction infrared spectroscopy characteristics

Band(cm™)
Separated
compounds VoH Vecu | Ve=o | Vco Vc=c Vc=c 6 6 Vc-o Vc-o ’Y: C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2929 1733 / 1607 1564 1460 1383 1269 1077 / /
Ws-Et-02 | 3394 2853 1159 1028
(L-L)
2957 1733 / 1613 1562 1460 1378 1285 1094 930 722
Ws-Et-03 | 3388 2924 1252 1039 821
(L-L) 2853 1165 750
684
2957 1732 / 1613 1569 1465 1378 1280 1094 960 722
Ws-Et-04 | 3346 2924 1152 1023 821
(L-L) 2853 1156 750
684
3377 2957 1280 1083 930 /
Ws-Et-05 | 3202 2924 1722 1678 1613 1569 1449 1378 1198 1023 870
(L-L) 3011 2853 1503 1159 821
744
679
657
2957 1733 1684 1613 1564 1465 1378 1280 1083 930 /
Ws-Et-06 | 3343 2924 1503 1198 875
(L-L) 2853 1170 842
683
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Band(cm™)
Separated
compounds VoH VecH | Ve=o | Vc-o Vc=c Vc=c 6 Vc-o Vc-o 'Y: C-H ’YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2957 1717 1684 1613 1564 1465 1378 1280 1072 930 722
Ws-Et-07 | 3405 2924 1656 1503 1263 1039 875
(L-L) 2853 1170 842
1116 815
684
2957 1733 1689 1613 1558 1465 1383 1274 1072 / /
Ws-Et-08 | 3432 2924 1509 1159
(L-L) 2858 1121
960 722
Ws-Et-09 | 3422 2957 1732 1684 1618 1557 1457 1383 1283 1075 817
(L-L) 1509 1121 694
2957 1700 / 1624 1569 1454 1378 1285 1099 935 /
Ws-Et-10 | 3421 2918 1509 1159 1066 826
(L-L) 2853 1034 651
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Table 1V.44 :Diethyl ether fraction infrared spectroscopy characteristics

Band(cm™)
Separated
compounds Vo Vecu | Ve=o | Vc-o Vc=c Vc=c Vc-o Vc-o yz C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2957 919
Ws-E-01 3415 2924 1733 1667 1613 / 1465 1372 1121 1034 875 /
(L-L) 2847 1416 793
608
2957 1263 870
Ws-E-02 3437 2918 1744 / 1618 / 1460 1372 1181 1066 804 711
(L-L) 2853 1121 1028 602
2962
Ws-E-03 3426 2924 1738 1667 / 1558.12 | 1471 1383 1263 1077 / /
(L-L) 2847 1159 1028
2962
Ws-E-04 3634 2918 1869 1640 / / 1470 1378 1236 1088 951 /
(L-L) 3470 2847 1733 799
2951
Ws-E-05 3437 2951 1733 1629 / / 1460 1372 1258 1099 799 717
(L-L) 2853 1181 1017
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Band(cm™)
Separated
compounds Von VecH | Ve=o | Vc-o Vec=c Vc=c Vc-o Vc-o yz C-H 'YCHz
ester a,p Arom CHs O-H a,p
insaturated insaturated
2957
Ws-E-06 3437 2924 1733 1651 / / 1465 1372 1258 1099 799 717
(L-L) 2847
2962
Ws-E-07 3415 2924 1738 / 1629 / 1465 1378 1258 1028 / /
(L-L) 2847 1110
952
Ws-E-08 3426 2924 1733 / 1629 / 1465 1378 1236 1088 804 /
(L-L) 2853 1198 602
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Flavone

Figure 1V. 20 :Flavone structure

Table 1V.45 : Identification of flavone separated from different fractions of Warionia

Saharae extraxts

Fraction R1 R2 R3 R4 R5 R6 R7 R8 R9
Ws-Bu-01 OH OH OH H H OMe OMe OMe H
Ws-Bu-02 OH H OH | OH H OMe | OMe H H
Ws-Bu-03 H OH H H H OMe OMe H H
Ws-Bu-04 H H OH H H OH OH H H
Ws-Bu-05 OH H OH H H OMe OMe H H
Ws-Bu-11 H H OH | OH H OMe OMe H H
Ws-Et-11 OH OH OH H H OMe OH H H
Ws-Et-17 OH OH OH H H OH OH H H
Ws-Et-01(L) OH H OH | OH H OMe OMe H H
Ws-Et-02(L) | OH H | OH | H H | OMe | OMe H H
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Ws-Et-04(L) | OH OH | H | H H | OMe | OMe | OMe H
Ws-Et-07(L) | OH OH | OH | H H H H H H
Ws-Et-09(L) | OH H | OH | H H H OMe H H
Ws-Et-10(L) | OH OH | OH | H H | OMe | OMe H H
Ws-E-04(L) | OH OH | OH | H H OH | OH H H
Ws-E-07(L) | OH H | OH | H H H OMe H H

Flavone O- glycosyl

HO

HO

Figure V. 21 :4°- Methoxy 5,7 —dihydroxy Luteolin — o- glycosyl

Isoflavone

Figure 1V. 22 :lIsoflavone structure
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Table 1V. 46: Identification of isoflavone separated from different fractions of Warionia

Saharae extraxts

Fraction R1 R2 R3 R4 R5 R6 R7 R8 R9
Ws-Bu-13 OH OH OH H H H OMe H H
Ws-Et-05 (L) H H OH | OH H OMe OMe OMe H
Ws-Et-06 (L) OH H OH | OH H OMe OH H H
Ws-Et-08 (L) H H OH H H H OMe H H
Ws-E-02 (L) OH OH | OH | H H | OMe | OMe H H
Ws-E-03 (L) OH OH OH | OH H OH OMe H H
Ws-E-06 (L) OH H OH | OH H OMe OH OMe H
Ws-E-08 (L) H OH | H H H OMe H H
Flavanol
OH
H
HO
OH
H || OH
OH O

Figure 1V. 23 :Flavanol structure
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6-Hydroxy Taxifolin

HO
OH

HO H OH
OH O

Figure 1V. 24 : 6-Hydroxy Taxifolin structure

OMe
H OMe
H
HO @) oM
e
H H

|
OH O

Figure 1V. 25 : Flavanone structure

Flavanone
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4.6 Evaluation of antioxidant activity

4.6.1 Launeae nudicaulis extracts tested with p carotene

The results show that the oxidation of B-carotene is effectively inhibited by the tested extracts. In fact,
the butanol, methanol and ethyl acetate extract of Launeae nudicaulis present an antioxidant capacity.
The other extracts ether and chloroform did not show any antioxidant activity.

& ) ) ' 5
® o

Figure 1V.26. Chromatogram of Launeae nudicaulis extracts tested with p carotene

The polar extracts butanol, methanol and ethyl acetate are especially rich in soluble chemical

substances and their antioxidant activity mainly due to the presence of polyphenolic compounds
present in these extracts.

Table 1V.47 :. Beta carotene bleaching qualitative assay

Antioxidant test
Extract Positive Negative
Ether -
Chloroform -
Ethyl acetate +
Butanol +
Methanol +
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4.6.2 DPPH radical scavenging assay by TLC results - Launeae nudicaulis-

a. Launeae nudicaulis extracts

The extract have the antioxidant activity which appear as yellow white spot on purple These

extracts are able to reducing the DPPH radical .

v The DPPH screening method by the mean of thin layer chromatography indicated the
presence of antioxidant compounds in methanol ( MeOH ) , butanol ( BuOH ) , ethyl

acetate (EtOAc ) and chloroform ( CHCI3) extracts of Launeae nudicaulis .

v' The most prominent antioxidant activity was observed particularly in butanol (
BuOH) , methanol ( MeOH) ,and ethyl acetate (EtOAc ) extract respectively , This
result demonstrates its richness in soluble chemical substances with high antioxidant
activity, this activity may be mainly due to the presence of polyphenolic compounds
present in high content in these extracts .

v In the other hand the ether extract present non antioxidant activity.

Figure 1V.27. Chromatogram of Launeae nudicaulis extracts tested with DPPH radical
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Table 1V.48. DPPH radical scavenging qualitative assay

Antioxidant test (+/-)
Extract
Ether -
Chloroform +
Ethyl acetate +
Butanol +
Methanol +

b. Launeae nudicaulis extracts developed in solvent system

As shown in figure 1V.28, the four extracts of Launeae nuidcaulis were developed in

appropriate mobile phase present a radical scavenging activity except ether extract.

MeOH and BuOH extract of Launeae nuidicaulis present the highest anti-radical activity with
a massive task extended along the path of the elution. This result demonstrates its richness in
soluble chemical compounds with a high radical scavenging activity; this activity may be
mainly due to the presence of polyphenolic compounds present in high contents in the both

extracts.

The ethyl acetate extract of Launeae nudicaulis also shows an interesting radical scavenging
activity but less important than BUOH and MeOH extract.

The ether and chloroform extracts are the least active, with spots not very clear, especially for
ether extract because of their low contents or absence of polyphenolic compounds.

Figure 1V.28. Chromatogram of launeae nudicailis extract developed in solvent

1 .
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Table 1V.49. Antioxidant activity and Rf of Launeae nudicaulis extracts

Extract Rf Antioxidant activity
Positive / Negative
Rf,=0.86 +
Ether Rf2:091 -
Rf3=0.95 -
Rf1:078 +
Chloroform
Rf,=0.84 -
Rf;=0.89 -
Rf,=0.93 -
Rf;=0.85 +
Ethyl acetate
Rf,=0.87 +
Rf;=0.89 +
Rf,=0.91 -
Rf;=0.53 +
Butanol
Rf2:062 +
Rf3:O73 +
Rf;=0.62 +
Methanol
Rf,=0.75 +
Rf;=0.83 +

v For the ether extract developed in Ethyl acetate / hexane solvent system, shows a
single yellow spot on a purple background with Rf =0.86 .

v The Chloroform extract developed in Ethyl acetate / hexane solvent presents a single

yellow spot on a purple background with Rf =0.78 .

v The ethyl acetate extract developed in Acetone /cyclohexane solvent presents three

yellow spots on a purple background with Rf;=0.85 , Rf,=0.87 and Rf3;=0.89
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v The three spots present in butanol extract which developed in Chloroform / methanol
solvent have a yellow color on purple background with Rf;=0.53 , Rf,=0.62 and

Rf;=0.73, this results show that these three compounds able to scavenge free radical .

v" The methanol extract developed in indicate Chloroform / methanol solvent indicates
three spots with yellow color on purple background with Rf;=0.62 , Rf,=0.75 and

Rf;=0.83 , these compounds present an antioxidant activity .

4.6.3 Launeae nudicaulis Quantitative Analysis of the antioxidant activity

a. Launeae nudicaulis extracts

As shown in Table 1V.50 and Figure 1V.29 , butanol extract presents a high antioxidant
activity with 91,62% then methanol extract with 91,18 % and ethyl acetate extract with
71,57 % . The other extracts showed lower activity, chloroform with 33.96% and ether with

no activity 0%.

The polar extracts are especially rich in soluble chemical substances; the antioxidant activity
demonstrated by this method may be mainly due to the presence of phenolic compounds in
these extracts.

Table 1V.50. Antiradical activity of Launeae nudicaulis extracts

Extract Antioxidant activity DPPHradical scavengingactivity (%)
Positive / Negative
Ether - -
Chloroform + 23.45
Ethyl acetate + 71.57
Butanol + 91.62
Methanol + 91,18
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91,62 91,18

71,57

23,45

o 15 13 18 153 18 1B 13 13

0
|Ether| |Ch|oroform| Ethyl acetatel |Butano|| |Methano||

Figure 1V.29. Antioxidant activity of Launeae nudicaulis extracts

Table IV.51 : Antioxidant capacity Quantification of Launeae nudicaulis extracts

Extract Antioxidant activity DPPHradical scavengingactivity (%)
Positive / Negative
Ether - -
Chloroform + 23.45
Ethyl acetate + 71.57
Butanol + 91.62
Methanol + 91,18
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b. Pure compounds isolated from Launeae nudicaulis

The results shown that the compound LNB present an antioxidant activity 82, 05 % belong to

flavonol family.

Table 1V.52 : Quantitative Analysis of the antioxidant activity of pure compound

isolated from Launeae nudicaulis

N ° pure compounds Antioxidant activity | AA % Class
01 LNA + 82,94
02 LNB + 82,05 Flavonol
03 LNC - - Flavanone
04 LND + 75,72
05 LNE - - Flavanone

4.6.4 Warionia saharae tested with f3- carotene results

a. Warionia saharae extracts

The results show that the oxidation of - carotene is effectively inhibited by the tested
extracts. In fact, butanol , methanol and ethyl acetate extract of Warionia saharae present an
antioxidant capacity .The other extracts ether and chloroform did not show any antioxidant

activity .

The polar extracts butanol, methanol and ethyl acetate are especially rich in soluble chemical
substances and their antioxidant activity mainly due to the presence of polyphenolic

compounds present in these extracts.

f Ether CHCI, EtOAc BuOH MeOH \
Extract
1 3 z L =
O £ <«
Extract + - carotene L ' =

\

Figure 1V.30 : Chromatogram of Warionia saharae extracts tested with - carotene
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Table 1V.53 : Beta carotene bleaching qualitative assay (Warionia saharae extracts )

Antioxidant activity tested with

Extract p- carotene (- / +)
Ether
Chloroform
+
Ethyl acetate
+
Butanol
Methanol +

b. Pure compounds isolated from Warionia saharae

Among the 70 isolated pure compounds were tested, only 19 products that has provided an
antioxidant effect, these compounds are butanol and ethyl acetate fraction which belong to :

flavone , flavanone , isoflavone , flavanol and glycosylated flavone .

Figure 1V.31 : Chromatogram of pure compounds isolated from Warionia saharae tested

with - carotene.
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Table 1V.54: Antioxidant activity of pure compounds isolated from Warionia saharae

tested with B- carotene.

N° Antioxidant activity
Pure compounds isolated + -

01 | w.sbul4d +

02 | w.s Et05 (L-L) +

03 | Extraction w.s E 0.85 -

04 |ws CH 02 -

05 | w.s Et 02 -

06 | w.s Et 01 -

07 | w.s Et 12 -

08 |wsE 1 -

09 | ws Et 10 -

10 | wshbu 01 +

11 | w.s Et 06 (L-L) -

12 | w.s Et 08 (L-L) -

13 |w.s E 05 (L-L) -

14 | ws E 04 (L-L) -

15 | w.sbu 03 +

16 {w.s CH 01 -

17 |ws bu 15 +

18 | w.sEt 20 -

19 | ws Et 07 -

20 | w.s Et 07 -

21 |w.s Et 17 -

22 |wshu 11 +

23 | w.sEt 16 -

24 | w.s Et 03 -

25 | w.s Et 15 -

26 | wsbu 08 +
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27

w.shu 05

28

w.s E 07 (L-L)

29

w.s Et 06

30

w.s bu 04

31

w.s E 03 (L-L)

32

w.s Et 05

33

w.s CH 05

34

w.s bu 06

35

w.s Et 03 (L-L)

36

w.s Et 19

37

wshu Rf:0.86

38

WS E?2

39

w.s Et 13

40

w.s CH 03

41

w.s E 01 (L-L)

42

w.S bu 12

43

w.s E 03

44

w.s bu 09

45

w.s Et 09

46

w.sCH 08

47

w.sEt 10 (L-L)

48

wsE 02 (L-L)

49

Extraction (L-L) w.s Et 0.82 02

50

w.s CH 04 n° 01

51

Extraction (L-L) w.s E 0.94

52

w.s bu 02 Rf:0.914

53

w.s Et 04 0.65

54

w.s Et 14 0.94

55

Extraction (L-L) w.s Et 0.71 01

56

w.s Et08 0.28
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57 |w.s CH 09 n°01 -

58 |wsEt 11 0.85 +

59 | Extraction (L-L) w.s Et 0.60 13 -

60 | w.s CH 10n°01 -

61 | Extraction (L-L) w.s Et 0.6511 -

62 | Extraction (L-L) w.sEt 0.42 12 -

63 | Extraction (L-L) w.s Et 0.88 07 +

64 |ws Et 18 0.82 +

65 | w.sCH 06 n°01 -

66 | Extraction (LL) w.s Et 0.77 09 -

67 | ws bu Rf0.89 16 +

68 | Extraction (LL) w.s Et 0.85 14 -

69 |w.s bu 07 Rf:0.74 -

70 | w.sbuRf:0.83 10 -

4.6.5 DPPH radical scavenging assay by TLC - Warionia saharae-

a. Warionia saharae extracts

The extract have the antioxidant activity which appear as yellow white spot on purple , these

extracts are able to reducing the DPPH radical.

v" DPPH screening method by the mean of thin layer chromatography indicated the
presence of antioxidant compounds in methanol (MeOH) , butanol (BuOH) , ethyl
acetate (EtOAc) and chloroform (CHCI3) extracts .

v" The most prominent antioxidant activity was observed particularly in butanol (BuOH)
, methanol (MeOH) , and ethyl acetate (EtOAc) extract respectively , this result
demonstrates its richness in soluble chemical substances with high antioxidant activity
, this activity may be mainly due to the presence of polyphenolic compounds present

in high content in these extracts .

v In the other hand the ether extract present no antioxidant activity.
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ol a & c3 oy o 5

® -

i

01: Ether, 02 :Chloroform, 03: EtOAc, 04: BUOH , 05:MeOH

Figure 1V.32 : Chromatogram of Warionia saharae extracts tested with DPPH radical

Table 1V.55: DPPH radical scavenging qualitative assay

Antioxidant

Extract
Ether

+
Chloroform

+
Ethyl acetate

+
Butanol

+
Methanol

b. Pure compounds isolated from Warionia saharae

Among the 70 isolated pure compounds were tested, only 19 substances that has given an
antioxidant capacity to reduce DPPH radical.
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Figure 1V.33: Chromatogram of substances isolated from Warionia saharae tested by
DPPH radical

c. Warionia saharae extracts developed in appropriate solvent

v" MeOH and BuOH extracts of Warionia saharae presented the best anti-radical
activity with a massive task extended along the elution , This result demonstrates its
richness in water-soluble substances with a high anti-radical activity , this may be
mainly due to the presence of polyphenolic compounds present in high contents in the

both extracts .

v' EtOAc extract of Warionia saharae also shows an interesting radical scavenging

activity but less important than BuOH and MeOH extract .
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v" Ether and chloroform extracts are the least active, with spots not very clear, especially
for ether extract that because of their low contents or absence of polyphenolic

compounds.

P

CHCI 5 EtOAC BuOH MeOH

Figure 1V.34: Chromatogram of Warionia saharae extracts developed in solvent

v’ Ether extract developed in acetone / cyclohexane eluent shows a single yellow spot on
purple background with an Rf = 0.45.

v" For chloroform extract developed in ethyl acetate / hexane eluent presents a single

yellow spot on purple background with an Rf = 0.48.

v' Ethyl acetate extract developed in acetone / hexane eluent illustrates two yellow
spots on a purple background with Rf1= 0.54 and Rf2 = 0.68.

v For butanol extract developed in chloroform eluent shows two yellow spots on a
purple background with Rf1=0.62 and Rf2 = 0.71.

v For methanol extract developed in acetone / hexane eluent shows two yellow spots on
a purple background with Rf1= 0.50 and Rf2 = 0.57.
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Table 1V.56 : Antioxidant activity and Rf of the Warionia saharae extracts

Extract

Rf

Antioxidant activity

+ -

Ether

Rf=0.45

+

Rf=0.57

Rf=0.61

Rf=0.66

Rf=0.71

Rf=0.73

Rf=0.78

Chloroform

Rf;=0.48

Rf,=0.58

Rf;=0.66

Rf4=072

Rfs=0.77

Rfs=0.80

Rf;=0.83

Rfs=0.88

Ethyl acetate

Rf;=0.54

Rf,=0.62

Rf;=0.68

Rf,=0.74

Rfs=0.8

Rf6:082

Rf;=0.85

Butanol

Rf;=0.62

Rf,=0.71

Rf;=0.80
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Methanol Rf;=0.50 +
Rf,=0.57 +
Rf;=0.82 -

4.6.6 Warionia saharae Quantitative analysis of the antioxidant activity
a. Warionia saharae extract

The antiradical activity of Warionia saharae extract was evaluated by mean of DPPH radical
scavenging method. Antioxidants react with DPPH, which is a stable free radical and is
reduced to the DPPHH and as consequence the absorbance’s decreased from the DPPH
radical to the DPPH-H form. The degree of discoloration indicates the scavenging potential of

the antioxidant compounds or extracts in terms of hydrogen donating ability.

Acontrol — Asample
Acontrol

DPPH radical scavenging activity (%) =

Asample - absorbance of sample
Acontrol . @absorbance of control

The antiradical activity of extracts of the species Warionia saharae estimated in percentage is
shown in the following table

Table 1V.57 : Antioxidant activity of Warionia saharae extracts

Extract Antioxidant activity AAR%
n -

Ether -

Chloroform + 33.96

Ethyl acetate + 70.62

Butanol + 89.51

Methanol + 72.16
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100%
90%
80% 89,51%
70%
60% 70,62% | 72,16%
50% i
40% LA
30% r
33,969
20% &
10% -
0%
Ether CHCl, EtOAc BUOH MeOH

Figure 1V.35 : Antioxidant activity of Warionia saharae extracts
b. Pure compounds isolated from Warionia saharae

Table 1V.58 : Antioxidant activity of the pure compounds of Warionia saharae

N° Antioxidant Activity | AAR(%)
Fraction + -

01 |w.shbuRf:0.82 14 + 78.32

02 | Extraction (L- L) w.s Et0.91 05 + 95.30

03 | Extraction L-L w.s E 0.85 -

04 |w.s CH 02 n°01 -

05 |w.s Et 02 0.71 -

06 |w.s Et 01 0.74 -

07 | w.s Et 12 0.40 -

08 'wsE 1 085 -

09 |[ws Et 10 0.58 -

10 |w.sbu 01 Rf 01 + 83.84

11 | Extraction (L-L) w.s Et 0.74 06 -

12 | Extraction (L-L) w.s Et 0.57 08 -

13 | Extraction (L-L)w.s E 091 05 -

14 | Extraction (L-L)w.s E 0.88 04 -

15 | wsbu 03 Rf:0.971 + 75.92
16 | w.s CH 01 n°01 -
17 | ws buRf:0.90 15 + 67.56
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18 |w.sEt 20 0.57 -
19 |w.s Et 07 0.48 -
20 | w.s Et 07 n°01 -
21 |w.s Et 17 0.80 -
22 |wsbu Rf:0.87 11 69.33
23 |wsEt 16 0.83 -
24 | w.sEt 03 0.68 -
25 | w.s Et 15 0.97 -
26 |w.sbu 08 Rf:0.88 76.25
27 |w.sbu 05 Rf:0.771 95.45
28 | Extraction (L-L) w.s E 0.97 07 -
29 |wsEt06 0.62 -
30 [w.shbu 04 Rf0.8 76.65
31 | Extraction (L-L) w.s E 0.82 03 -
32 |ws Et 05 0.91 -
33 |ws CH 05 n° 01 -
34 |wshbu 06 Rf:0.85 78.32
35 | Extraction (L-L) w.s Et 0.97 03 86.71
36 | wsEt 19 0.60 -
37 |wsbu Rf:0.86 69.59
38 |wsE20.71 -
39 |wsEt1l3 0.51 -
40 |w.sCHO03n°01 -
41 | Extraction (L -L) w.s E 0.685 01 -
42 |ws bu Rf:094 12 66.16
43 |w.s E03 0.65 -
44 |wsbu Rf:092 09 87.71
45 | w.s Et 09 0.61 -
46 |wsCH 08 n°01 -
47 | Extraction (L-L) w.s Et 0.62 10 -
48 | Extraction (L-L) w.sE0.77 02 -
49 | Extraction (L-L) w.s Et 0.82 02 -
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50 |wsCH 04n°01 -
51 | Extraction (L-L) w.s E 0.94 -
52 | w.s bu 02 Rf:0.914 + 70.16
53 |wsEt 04 0.65 -
54 | w.s Et 14 0.94 -
55 | Extraction (L-L) w.s Et 0.71 01 -
56 |w.sEt 08 0.28 -
57 |ws CH 09 n°01 -
58 |wsEt 11 0.85 + 63.90
59 | Extraction (L-L) w.s Et 0.60 13 -
60 |ws CH 10n°01 -
61 | Extraction (L-L) w.s Et 0.65 11 -
62 | Extraction (L-L) w.s Et 0.42 12 -
63 | Extraction (L-L) w.s Et 0.88 07 + 81.65
64 |ws Et 18 0.82 + 96.40
65 |w.sCH 06 n°01 -
66 | Extraction (LL) w.sEt 0.77 09 -
67 |w.s bu Rf0.89 16 + 73.52
68 | Extraction (LL) w.s Et 0.85 14 -
69 | w.s bu 07 Rf:0.74 -
70 |w.sbuRf:0.83 10 -

4.6.6 Quantitative analysis of pure compounds isolated from butanol fraction of

Warionia saharae

Table 1V.59 : Quantitative analysis of pure compounds isolated from butanol fraction

N° | Fraction AAR% Class

01 |wsbuRf:0.82 14 78.32 Flavanone

10 |w.sbu0O1RfO1 83.84 Flavone

15 |w.shu03Rf:0.971 75.92 Flavone

17 | w.sbu Rf:0.90 15 67.56 Flavone-glycosyl
22 |wsbuRf:0.87 11 69.33 Flavone
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26 | w.sbu 08 Rf:0.88 76.25 Flavone
27 |w.sbu0O5Rf:0.771 95.45 Flavone
30 |wsbu0O4Rf:0.8 76.65 Flavone
34 |w.sbu 06 Rf:0.85 78.32 Flavone
37 |w.sbul3Rf:0.86 69.59 Isoflavone
42 |w.sbul2Rf:0.94 66.16 Flavanol
44 | w.sbu 09 Rf:0.92 87.71 Flavanol
52 | w.sbu02Rf:0.914 70.16 Flavone
67 | w.sbul6 Rf:0.89 73.52 Flavone
120,00% -
100,00%
80,00% . ’
it
e RRRRRRRRRERD
N RRRRRRRARRERD
0,00% -

W,S W,S W,S W,S W,S W,S W,S W,5 W,S W, S W,S W,S W,S W,S
bu bu bu bu bu bu bu bu bu bu bu bu bu bu
14 01 03 15 11 08 05 04 06 13 12 09 02 16

Figure 1V.36 : antioxidant activity of pure compounds of Warionia saharae butanol
fraction

The results present in the table and figure show that pure substances isolated from Warionia
saharae which have a percentage (%) of higher scavenging activity up to 95% belong to :

flavone ; flavanols and flavanones .
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4.6.7 Quantitative analysis of pure compounds isolated from ethyl acetate fraction of

Warionia saharae

Table 1V.60 :Quantitative analysis of pure compounds isolated from ethyl acetate

fraction
Fraction AAR% Class
NO
Extraction (L-L) w.s Et 0.91 05 95.30 Isoflavone
02
Extraction (L-L) w.s Et 0.97 03 86.71 Isoflavone
35
w.sEt11 0.85 63.90 Flavone
58
Extraction (L-L) w.s Et 0.88 07 81.65 Flavone
63
w.s Et 18 0.82 96.40 Flavanol
64
120,00% -
100,00%
80,00% —
60,00% —
40,00% —
20,00% —

w,s AD 05 w,s AD 03 w,s AD 11 w,s AD 07 w,s AD 18

Figure 1V .37 : Pure compounds isolated from ethyl acetate fraction

According to the above results demonstrating that pure substances isolated from Warionia
saharae which have a percentage (%) of higher scavenging activity up to 96% belong to:

flavanol, isoflavone, flavone.
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4.7 Antibacterial activity

The antibacterial activity of the launeae nudicaulis and warionia saharae extracts was

determined by disc diffusion method against the following bacterial strains : Escherichia coli ,
Bacillus subtilis and Staphylococcus aureus .

Antibacterial activity of Launeae Nudicaulis

v" Results show that maximal antibacterial activity , as performed by disc diffusion

method , is exhibited by methanolic extract of Launeae Nudicaulis especially against
Bacillus subtilis i.e 18,5 mm zone of inhibition .

Table 1V.61 : Antibacterial activity of Launeae Nudicaulis extract

Extract Concentration

Micro organisms

Escherichia coli

Bacillus subtilis

Staphylococcus aureus

Inhibition zone in (mm)

Concentrated 15 18.5 18
extract
MeOH
Diluted extract 0 12 12

10%

v" MeOH extract was tested against Escherichia coli and Staphylococcus aureus by well

method , the maximum zone of inhibition (18 mm) was found against Staphylococcus

aureus.

v" MeOH extract of Launeae Nudicaulis also proved effective against Escherichia coli

and 15 mm zone of inhibition was seen .
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Antibacterial activity of Warionia Saharae

Table 1V.62 : Antibacterial activity of Warionia Saharae

Micro organisms

Extract Concentration
Escherichia coli | Bacillus subtilis | Staphylococcus aureus
Inhibition zone in (mm)

MeOH Concentrated 11,3 11,5 12,5

extract
BuOH Concentrated 10,3 9,5 11,3

extract
EtOAC Concentrated 8,7 8,5 9,5

extract

The antibacterial activity of the various extracts of Warionia Saharae were tested in vitro

against three microorganisms as seen in the table

v MeOH extract showed an important antibacterial activity against Staphylococcus

aureus, Bacillus subtilis and Escherichia coli with zone of inhibition of 12,5 mm ,

11,5 mm and 11,3 mm respectively .

v/ BuOH and EtOAc extracts showed moderate antibacterial activity against all

microorganisms tested at high concentration.
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Relation structure activity

Flavonoid antioxidants function as scavengers of free radicals by rapid donation of a
hydrogen atom to radicals, many authors have investigated the antioxidant activity of
flavonoids and many attempts have been made to establish the relationship between flavonoid

structure and their radical scavenging activity .

In general , the radical scavenging activity of flavonoids depends on the molecular structure
and substitution pattern of hydroxyl groups , Previous structure-activity relationship (SAR)
studies of flavonoids have pointed to the importance of the number and location of the
phenolic OH groups present for the antiradical efficacy. The structural requirement
considered to be essential for effective radical scavenging by flavonoids is the presence of a
3’,4’-dihydroxy , in the B ring, possessing electron donating properties and being a radical
target Also, the 3-OH moiety of the C ring is also beneficial for the antioxidant activity of
flavonoids , The C2-C3 double bond conjugated with a 4-keto group, which is responsible for
electron delocalization from the B ring, enhances further the radical-scavenging capacity , and
saturation of the 2,3-double bond is believed to cause a loss of activity potential , Also, the
presence of both 3-OH and 5-OH groups in combination with a 4-carbonyl function and C2-
C3 double bond increases the radical scavenging activity , In the absence of the o-dihydroxy
structure in the B ring, hydroxyl substituents in a catechol structure on the A-ring were able to

compensate and become a larger determinant of flavonoid antiradical activity [61].

Figure 1V .38 : Flavonoid structure
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Launeae Nudicaulis

Table 1V.63 : Relation structure activity of launeae nudicaulis

N° | Code | Structure AA% Interpretation
01 | LNA
Presence of
82,94 hydroxyl group
in position 3
02 | LNB Presence of 2-3
83,05 double bond in

conjugation
with 4 oxo
function in
cycle C.
Presence of 5,7
dihydroxy
groups in cycle
A.

- 147 -




Chapter IV

Warionia saharae

Table 1V.64 : Relation structure activity of Warionia saharae

Results and discussion

N° | Product | Structure Antioxidant | Interpretation
activity
01 |wshbu 14
OMe
H H ONee Presence of 5, 7
HO. 0 i i
OMe dihydroxyl in
H 78.32 cycle A
T
OH O
Eriodictyol 3°,4°,5° trimethoxy
(flavanone)
02 | ws Et
(L-L) 05 Me
Owe Ho | Presence of two
OMe H 95.30 hydroxyl group
H 4
~ OH
OH
8-Hydroxy 3’,5’-Dimethoxy
Formononetin (isoflavone)
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10 |[w.shbu 01 Presence of 2-3
double bond in
H 83.84 conjugation with 4
HO. oxo function in
cycle C.
HO
| Presence of 5 ,7
OH
dihydroxy groups
3°,4°,5’ trimethoxy 5, 6,7 tridihydroxy ) y ¥ orolp
in cycle A.
flavone (flavone)
15 |[w.shu
03
H Presence of 2-3
H 75.92 double bond in
conjugation with 4
HO oxo function in
H cycle C.
4’.5” dimethoxy 6-hydroxy flavone
(flavone)
17 | w.sbu
15 Presence of 2-3
OMe double bond in
o_ O o O 67.56 conjugation with 4
HO 7 OH _ _
‘D oxo function in
OH
HG
OH o ﬂ cycle C.
Presence of
. hydroxyl group in
Luteolin 7-0-glycosyl 4’-methoxy 5°, 5
. 5 position in cycle
dihydroxy (Glycosylate flavone) P 4
A.
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22 |wsbu 11
OH 69.33 Presence of 2-3
HO double bond in
conjugation with 4
" A oxo function in
cycle C.
4’5’ dimethoxy 7,8-dihydroxy flavone
(flavone)
28 | w.sbu 08
Presence of 2-3
H 76.25 double bond in
HO conjugation with 4
H oxo function in
OH cycle C.
Presence of 5 7
dihydroxy groups
4’ methoxy 5,7 dihydroxy flavone in cycle A.
(flavone)
27 | w.shbu 05
Presence of 2-3
H 95.45 double bond in
HO, conjugation with 4
H oxo function in
OH cycle C.
4’,5° dimetoxy 5,7 dihydroxy flavone Presence of 5 7
(flavone) dihydroxy groups
in cycle A.
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30 |wshbu 04
H Presence of 2-3
H H OMe 76.65 double bond in
HO O conjugation with 4
OMe
‘l) H oxo function in
: | cycle C.
H 0]
4°,5° - dimethoxy ,7-hydroxy flavone
(flavone)
34 | w.shu 06
Presence of 2-3
H double bond in
HO. 76.32 conjugation with 4
oxo function in
HO i cycle C.
on Presence of 5 ,7
dihydroxy groups
in cycle A.
3°,4°,5’ trimethoxy 5,6,7 tridihydroxy
flavone (flavone)
35 | w.s Et(L-
L) 03 Presence of 2-3
double bond in
86.71 conjugation with 4
oxo function in
cycle C.
Presence of 5 7
) ) ) dihydroxy groups
6-Hydroxy Biochanin A (isoflavone) )
in cycle A.
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37

w.s bu 13

6-Hydroxy Biochanin A (isoflavone)

69.59

Presence of 5 ,7
dihydroxy groups
in cycle A.

42

w.sbu 12

HO.
OH

H ” “OhH
OH O

4’- methoxy taxifolin (flavanol)

66.16

Presence of 5 ,7
dihydroxy groups
in cycle A.
Presence of
hydroxyl group in
3 position in cycle
C.

44

w.s bu 09

HO
OH

H ” "OH
OH O

Taxifolin (flavanol)

87.71

Presence of 5 ,7
dihydroxy groups
in cycle A.

Presence of
hydroxyl group in
3 position in cycle
C.
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52 | w.shu 02
Presence of 2-3
double bond in
H 70.16 conjugation with 4
HO, oxo function in
le C.
HO | cycleC
OH
Presence of 5 ,7
3,4’ , 5 trimethoxy 5,6,7 Trihydroxy dihydroxy groups
flavone (flavone) in cycle A.
58 |w.s Etll
Presence of 2-3
H 63.90 double bond in
HO conjugation with 4
oxo function in
HO
' cycle C.
OH 4
) _ Presence of 5 ,7
3’,4’ - dimethoxy, 5,6,7 trihydroxy )
dihydroxy groups
flavone (flavone) .
in cycle A
63 | w.s Et(L-
L) 07 81.65 Presence of 2-3
H double bond in
HO conjugation with 4
oxo function in
HO | cycle C.
OH
Presence of 5 ,7
5,6,7 trihydroxy flavone (flavone) dihydroxy groups
incycle A
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64 | w.s Et
18 H Presence of
H : OH 96. 40 hydroxyl groups
HC i
OH in 5,7,and 6
H position .
HO | I "OH
OH
Taxifolin 6-hydroxy (flavanol)
67 | w.shu
16 Presence of 2-3
H 73.52 double bond in
HO. conjugation with 4
H oxo function in
OH cycle C.

3’,4’-diMethoxy 5,7 di hydroxy

(flavone)

Presence of 5 ,7
dihydroxy groups
in cycle A

- 154 -




Chapter IV Results and discussion

- 155 -



Conclusion



Conclusion

Conclusion

Using the technique of activity-guided chromatographic isolation, it is possible to
generate many structurally novel bioactive plant secondary metabolites, and examples have
been provided in this work of plant secondary metabolites with potential antioxydant or
potential cancer chemo preventive activity, comprised by compounds representative of the
flavanone, flavone, flavonol, isoflavone, and steroidal alkaloid classes. Several of these novel
plant-derived bioactive compounds were isolated along with closely related analogs of
previously known structure, and accordingly we have been able to conduct preliminary
structure—activity relationship studies with reference to the particular in vitro bioassays in
which activity was observed.

The antioxidant activity of the extracts of two medicinal plants: Launeae nudicaulis and
Warionea Saharae evaluated by the mean of two different methods : beta carotene bleaching assay and
DPPH radical scavenging shows that the butanol extract present a highest antioxidant activity with
91,62 % .

The results of this study provide evidence that flavonoids have radical scavenging activity or
antioxidant activity due to presence of substitution patterns on the B ring appear to be the
most important contributor to the antioxidant activity , hydroxyl groups boost the antioxidant
activity , whereas methoxy and glycosyl groups reduce the antioxidant activity . presence of
unsaturation between C2-C3 in conjugation with 4 oxo function enhances the antioxidant
capacity . A hydroxyl group at the C3 position is also beneficial to the ability of flavonoids to

scavenge free radical.

The MeOH extract of Launeae Nudicaulis was tested against Bacillus subtilis and
Staphylococcus aureus , the maximum zone of inhibition (18 mm) was found against

Staphylococcus aureus.

The MeOH extract of Launeae Nudicaulis proved effective against Escherichia coli and 15

mm zone of inhibition was seen .

The antibacterial activity of the various extracts of Warionia Saharae were tested in vitro
against three microorganisms showed an important antibacterial activity against
Staphylococcus aureus, Bacillus subtilis and Escherichia coli with zone of inhibition of 12,5

mm , 11,5 mm and 11,3 mm respectively .
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Conclusion

It is hoped that in future research one or more of the compounds described in this work will
be subjected to further development or, alternatively, will serve as a lead compound for

synthetic optimization.
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ABSTRACT

TheAcOEt fractions prepared from 80% EtOH extract of theendemic Saharan
medicinal plant Warionia saharae exhibited the most potent antioxidant
capacity (IC,, = 3.08 + 0.40 ug/mL for DPPH and 8.95 + 0.23 ug/mL for
superoxide anion radical), compared to the n-BuOH and CHCI, fractions.
Thus, this extract fraction exhibited a strong antioxidant activity and had
the most potent scavenging abilities which may be caused by the presence
© 2011 Trade Sciencelnc. - INDIA

of Phenolic compounds.

INTRODUCTION

Oxidative damageis caused by freeradicalsand
reactive oxygen species, mostly generated
endogeneously, they arerecognized to beinvolvedin
the pathogenesis of various diseases such as
atherosclerogs, cancer, diabetesmdlitusand reperfusion
disorder¥. Recently some synthetic antioxidantssuch
as BHT (butylated hydroxyl toluens) and BHA
(butylated hydroxyl anisol€) have been suspected to
dangerousto human health. Therefore, thereisgreat
interest in finding antioxidants from natural sources,
which could be used in medicine and additive to
nutraceuti calsto prevent such deleteriouseffect andto
minimizeoxidativedamageto cel|g29.,

A direct rel ationship has been found between the
content of total phenolicsand antioxidant capacity of
plantsand phenolic compounds, naturaly distributedin
plants, areeffectiveto counteract del eteriousaction of
ROSS7. Itisnoted that, plant extracts sometimeshave
better anti oxidant activitiesthan those of puremolecules
andthereisagrowinginterest for theuseof plant extracts

KEYWORDS

Antioxydant;
Total Phenolic;
Warionia saharae;
Endemic;
Saharg;
Algeria.

ashioactive agent!®.

Asapart of our investigationinto medicina plants
growing inAlgerian Sahard®; Inthisstudy weinves-
tigatetheantioxydant activity and comparephenolicand
flavonoids contents of extractsfromtheaeria part of
the Warionia sahar ae an endemic Saharan specie.

Warionia saharae Benth & Coss. (local name
Efessas or Kabar Lem’aiz”) a genus of the family
Asteraceee, isan endemic herbaceousmedicind plant
represented by only one specieswhichiswidely dis-
tributed in the south west of Algeriaand south east of
Morocco!®®. The aerial part of thisplant wasused in
Saharafolk medicinefor treating gastrointestind tracts,
icter and asanti-inflammatory!1627,

EXPERIMENTAL

Plant material

The leaves of Warionia saharae were collected
from Bechar (south west Algeria) in May 2008. The
plant wasidentified by Pr A. Marouf (Department of
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Biology, University Es Senia, Oran—Algeria) and a
voucher specimeniskept inthe Herbarium of POSL
Laboratory, Faculty of Sciences (University of Bechar,
Algeria) under N° CA 02/07.

Preparation of theextracts

Dried and powdered leaves (500 g) of Warionia
saharaewere exhaustively extracted with 80% EtOH
solution in Soxhlet apparatus for 6 h. The obtained
hydro-al coholic extract was concentrated by arotary
evaporator and diluted with water (200 mL). The
resulting solution wasextracted successively by liquid/
liquid partition with solvents of increasing polarity:
CHCI,, EtOAc and n-BuOH. Theorganiclayerswere
dried with Na,SO,, giving after removal of solvents
under reduced pressure CHCI, (2.30 g), EtOAc (3.10
g) and n-BuOH (5.91 g) extracts.

Antioxidant activity
DPPH radical scavenging activity

Thestableradical DPPH® (1,1-diphenyl-2-picryl
hydrazyl) was used for determination of freeradicals
cavenging activity of theextractsobtained fromleaves
of Warionia saharae based on the described
methods?:23, with minor modifications. A solution of
0.2 mM DPPH in methanol was prepared and 1 ml of
thissolutionwasmixed with 1 ml of extractinmethanol
(with different concentrations 5 to 200 pg/ml). The
reaction mixturewas shaken vigorousy and alowed to
stand inthedark for 30 min at room temperature. The
control contained all reagentswithout the samplewas
used asblank. The DPPH radical scavenging activity
was determined by measuring spectrophotometricaly
the absorbance at 517 nm with a Unicam UV 300
spectrophotometer, usng al0 mm quartz cuvette. All
measurementsweremadeintriplicateand ascorbicacid
and quercetin were used asreferencesfor comparison.
The DPPH radical scavenging activity | (%) of the
samplewascal culated using thefollowing equation:
| (%) =[1-Ab_/Ab]x100
Where Ab_is the absorbance of the plant extract
containing DPPH, Ab_ is the absorbance of blank
solution of DPPH without the sample.

The IC,, value which was defined as the
concentration (in ug/mL) of the extract necessary to
decrease the absorbance of DPPH by 50% was

Natural Products

cd culated fromthe dataobtai ned by sigmoid non-linear
regresson mode usngplots.
Super oxideanion radical scavenging activity
Thesuperoxideanionradica scavenging activity was
determined by NBT (nitro bluetetrazolium) reduction
method as described early!?2% with minor
modifications. Thesuperoxideanionradica reducesthe
yellow dye NBT? to producetheblueformazan, whose
absorbance wasmeasured a 560 nm. The antioxidants
compoundsareableto inhibit theformation of purple
NBT. The extract of Warionia saharae at 50, 100 or
150 pg/mL wasmixedwith 5mL of 0.05M of sodium
carbonate buffer solution (pH 10.2) containing 1.3 uM
riboflavin, 0.02 M methionineand 5.6 uM NBT. After
30 min at light the absorbance was then measured at
560 nm. The superoxide anion radical scavenging
activity (%) was cal culated according to the equation:

% Inhibition = [1-Ab/Ab] x100
Where Ab_and Ab_are the absorbance of sample

and blank control (mixture without any sample)

respectively.

Deter mination of total phenolic content (TPC)

Thetotd phenolic contents (TPC) weredetermined
according to the early described procedures?® with
thedlight modification of usingaFolinand Ciocateu’s
phenolic reagent. Briefly, 1 ml of extract solutionwas
mixed with 2 ml of Folinand Ciocalteu’s reagent and
allowed to react for 3 min. Then, 2 ml of saturated
sodium carbonate sol ution was added to the mixture
and it was adjusted to 10 ml with distilled water. The
reaction mixturewasstand for 1 h beforetheabsorbance
wasread at 760 nm (spectrophotometer UV-Unicam
300). Gallic acid was used as a standard phenolic
compound and the results were expressed as mg of
gdlicacid equivaents/g of extract (mg GAE/g extract).
Determination of total flavonoidscontent (TFC)

Thetota flavonoid contents (TFC) inthe extracts
were estimated spectrophoto-metrically according to
theliteraturel?”, with minor modifications. 1 ml of the
extract solution added to atest tubewhich contained 4
ml of distilled water, and then added 0.4 ml of 5%
sodium nitrite solution and allowed to stand. After 5
min, 0.8 ml of 10% aluminium chloridewas added and
allowed to react for 5 min, then 2 ml of sodium
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hydroxide sol ution (15%) was added and the mixture
was diluted with another 2 ml of distilled water. The
absorbance of the mixture at 510 nm was measured
immediately. Rutin was used for constructing the
standard curve and flavonoi ds content was expressed

TABLE 1: Radical scavenging activities(DPPH and super-
oxide) of fractionsfrom EtOH extract of Warionia saharae

Fraction | Cso*

(From 80% EtOH extract) DPPH Super oxide
CHCl; 53.50+9.05 252+11
EtOAc 3.08+040  8.95+0.23
n-BuOH 4.40+0.43 10.25+0.63

* 1C, expressed as pg/mL
asmg of rutinequivaents/g of extract (mg RE/g extract)

RESULTSAND DISCUSSION

Inthiswork, weinvestigated for thefirst timethe
antioxidant activity of organic extractsfrom Warionia
saharae Benth & Coss. (Asteraceae), a Saharan
endemic medicind specie. Therdatively stableorganic
radica, DPPH and superoxideanion radical havebeen
widely used in the determination of antioxidant activity
of single compounds, as well as of different plant
extractgd?®®*! The IC_ values (ug/mL) for radical
scavenging activitiestestsof liquid-liquidfractiondisation
of the crude 80% EtOH extract along with CHCI,,
EtOAc and n-BuOH extracts from leaves of W,
saharaearesummarizedin TABLE 1.

AccordingtothelC_ valuespresentedin TABLE
1, the AcOEt extract from leaves of W. saharae
exhibited the most potent antioxidant capacity,
compared to the CHCI, and n-BuOH extracts. Thus,
thisextract hasan important rolein scavenging abilities
of various radicals and IC,; values of antioxidant
activitiesfollowed 3.08+ 0.40 ng/mL for DPPH and
8.95+0.23 ug/mL for superoxideanion radical.

Dataexpressedin Mean+ SD (standard deviation)
fromtriplicate experiments.

Theseresults using the DPPH and superoxide
anion radical's, suggesting that the EtOAc and n-
BuOH fractions were more enriched in antiradical
compounds, which suggeststhat phenolic derivatives
present in these extracts are responsible for the

—=> [y|| Paper

TABLE 2: TCPand TFC of fractionsfrom EtOH extr act of
Warioniasaharae

Fraction (From 80% TCP TFC
EtOH extract) (GAE, mg/lg) (RE, mg/g)

CHCl3 6.2+ 0.5 ND*
EtOAC 143+1.2 11.6+0.5
n-BuOH 63.25+ 1.1 57+0.14

GAE: GallicAcid Equivalents; RE: Rutin Equivalents
* ND: Not Determined, Data from triplicate experiments.

scavenging activity of W. saharae (TABLE 2).
Literature surveys indicated that plant phenolic
derivatives are one of the major groups of
compounds having multiple biological effectsand
acting as antioxidants®*34, Thus, ahighly positive
relationship between total phenolsand antioxidant
activity wasfound in many plant species®.

Thetotal phenolic contents of theliquid-liquid
fractionalisation of the crude 80% EtOH extract from
leaves of W, saharae, as determined by the Folin and
Ciocalteu method, are : 6.2 + 0.5, 143 + 1.2 and
63.25 + 1.1 mg GAE/g extract, respectively for
CHCI,, EtOAcand n-BuOH fractions. The maximum
PTC (143+ 1.2 mg GAE/g extract) and FTC (11.6 +
0.5 mg RE/g extract) in EtOAc fraction suggesting
that thisfraction extract wasmoreenriched in phenolic
derivativesthat areresponsiblefor thehigh scavenging
activity. Ascan beseenin TABLE 1 and 2, the current
results indicate that there is a positive correlation
betweentotal antioxidant activity andthetota phenolic
and flavonoids contents.

It wasreported that the antioxydant activity could
be dueto the action of afreehydroxyl group of phenolic
compounds. Specially, flavonoids with polyhy-
droxylated substitution on ring A or B and afree 3-
hydroxyl substitution and thelower strength of the O-
H bond present in these compounds correspondsto a
higher scavenging activity®*341. However, these
compounds areknown to act asantioxidants not only
because of their ability to donate hydrogen or e ectrons
but al so becausethey arestableradica intermediates™!.
Theseresultsshow that in generd, therich-flavonoids
plantscoul d beagood source of antioxidantsthat would
help toincreasetheantioxidant capacity of an organism,
protect it against lipid peroxidation and could have a
direct action on different diseases in relation with
ROS?®,

———————, Natural Products
A Tndian ﬁawm!



150

Total phenolic content and in vitro antioxydant activity

NPAIJ, 7(3) 2011

Full Paper ce—
CONCLUSION

Theresultsobtainedinthisstudy clearly showed that
both EtOA c and n-BuOH extractsfractionsfrom the
80% EtOH extract of leaves of the Saharan endemic
medicina specie\Warioniasahar ae, possessanti oxidant
activity. TheEtOA cextract exhibited astrong antioxidant
activity and had themost potent scavenging abilitiesof
various radicalswhich may be caused by the presence
phenolic compounds. Theanti oxidant activity of the W
saharae suggests that the extracts obtained by polar
solventsfrom theleaves could be used as an effective
natural sourceof antioxidant. Further sudiesshould be
carried out for theisol ation andidentification of phenolic
derivatives, and antioxidant studiesare d so needed for
anunderstanding of thelr mechanismsof action.
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ABSTRACT

Traditional remedies have been employed for the
treatment and management of various ailments
since the beginning of human civilization. Launaea
Cass. is a small genus of the family Asteraceae
(tribe Lactuceae, subtribe Sonchinae), consisting
of 54 species, of which 9 are presented in the
flora of Algeria and is mainly distributed in
the South Mediterranean, Africa and SW Asia.
Plants in the Launaea genus have been used
ethnobotanically as bitter stomachic, for treating
diarrhea, gastrointestinal tracts, as anti-inflammatory,
for skin diseases, treatment of infected wounds,
hepatic pains, children fever, as soporific, lactagogue,
diuretic and as insecticidal. The aim of this review
is to present as much information as was established
from the available scientific literature. The review
covers the ethnopharmacological, biological activity
related and phytochemical information on the species
from genus Launaea, especially those growing in
Algerian Sahara and used as medicinal plants.

KEYWORDS: Asteraceae, Launaea Cass.,
ethnopharmacological,  biological activities,
phytochemical, Sahara

INTRODUCTION

The World Health Organization (WHO) has
recognized the potential utility of traditional
remedies and strives to preserve the primary
health care involving medicinal plants. Thus, there is
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ample archaeological evidence indicating that
medicinal plants were regularly employed by
people in prehistoric times. In several ancient
cultures botanical products were ingested for
biomedically curative and psychotherapeutic
purposes [1]. Plants have formed the basis of
Traditional Medicine (TM) systems that have been
in existence for thousands of years and continue
to provide mankind with new remedies, such as,
the oldest known medicinal systems of the world:
Ayurveda, Arabian medicine, Chinese and Kempo
medicine. Although some of the therapeutic
properties attributed to plants have proven to be
erroneous, medicinal plant therapy is based on the
empirical findings of hundreds and thousands of
years [2]. One of the most efficient ways of
finding new bioactive compounds is collecting
data on the use of medicinal plants in traditional
pharmacopeia. Nearly 50,000 species of higher
plants have been used for medicinal purposes.
They are also used in food, cleaning, personal care
and perfumery. In systems of traditional healing,
major pharmaceutical drugs have been either
derived from or patterned after compounds from
biological diversity [3]. Natural products have
made enormous contributions to human health
through compounds such as quinine, morphine,
aspirin (a natural product analog), digitoxin and
many others. Thus natural products are very
important to conduct research on and they can be
a source of new compounds [4]. A trend in
phytomedicine is the use of new plant origin
bioactive compounds with the potential for chemical
modification, which will broaden phytomedical
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importance. Molecular biology is also being used
in this process and the pharmacological profiles of
these compounds are screened using new research
equipment and new technology [5-8]. Natural
products and their derivatives represent more than
50% of all the drugs in clinical use in the world
and in which higher plants contribute to no less
than 25% [2].

A dozen potent drugs have been derived from
plants including: derived diosgenin; reserpine and
pilocarpine. Other natural products are metabolites
from fungi, bacteria, algae, and marine organisms.
So, the diversity of structures obtained and the
different therapeutic activities shown by the
natural products make the isolation, identification,
synthesis and biosynthesis of new natural
compounds a field of enormous interest. Only a
small part of the 400,000 vegetable species known
have so far been investigated for their phytochemical
and pharmacological aspects, and each species
could contain up to several thousands of different
components [9].

The plant family Asteraceae (Compositae) comprises
of a large number of species that have been and
are still used as medicinal plants, particularly in
folk medicine and used as a food.

Launaea Cass. is a small genus of the family
Asteraceae (tribe Lactuceae, subtribe Sonchinae).
The genus consists of 54 species, of which 9 are
presented in the flora of Algeria and is mainly
distributed in the South Mediterranean, Africa and
SW Asia. They are perennial to annual herbs,
small shrubs or sub shrubs. Many of its plants are
used in folk medicine as bitter stomachic, for
treating diarrhea, gastrointestinal tracts, as anti-
inflammatory, for skin diseases, treatment of
infected wounds, hepatic pains, children fever, as
soporific, lactagogue, diuretic and as insecticidal.
Additionally, crude extracts of some species have
been reported to exhibit antibacterial, antiparasitic,
antioxidant, cytotoxic, neuropharmacological and
insecticidal activities. From a chemical point of
view, only ten species of the genus Launaea Cass.
have been subjected to previous phytochemical

investigation, namely, Launaea acanthoclada,
L. arborescens, L. asplenifolia, L. capitata,
L. cassiniana, L. mucronata, L. nudicaulis,

L. pinnatifida, L. resedifolia and L. tenuiloba.
Different secondary metabolites including terpenoids,
steroids, triterpenoid saponin, sesquiterpene lactones,
coumarins, flavonoids, flavone glycosides and
phenolic compounds have been reported.

We attempt to present a review on the
ethnopharmacological and phytochemical studies
and biological activities of plants from the genus
Launaea Cass., especially those growing in Algerian
Sahara and used as medicinal plants.

Botanical taxonomy of the genus Launaea Cass.

Asteraceae family (Compositae), known as the
aster, daisy or sunflower family, is one of the largest
angiosperm families of dicotyledenous flowering
plants. It comprises about 1400 genera and more
than 25000 species of herbaceous plants, shrubs,
and trees, spread throughout the world, and
classified over three subfamilies and 17 tribes
[10]. Asteraceae plants tend to grow in sunlit
places, in temperate and subtropical regions and
can share these following characters [11]:

Various members of the aster family are familiar
species in natural habitats, while others are
cultivated plants in gardens and some are grown
as food (Lactuca sativa). Many members of
Asteraceae are pollinated by insects, which
explain their value in attracting beneficial insects
and are major honey plants.

The flowers of this family are of two basic types:
tubular actinomorphic corollas and those with
strap shaped or radiate zygomorphic corollas,
often with the same head. Either type may be
bisexual or unisexual.

Leaves and stems very often contain secretory
canals with resin or latex (particularly common
among the Cichorioideae). The leaves can be
alternate, opposite, or whorled. They may be
simple, but are often deeply lobed or otherwise
incised, and conduplicated or revoluted. The margins
can be entire or dentate.

The fruit of Asteraceae is a specialized type of
achene sometimes called cypsela. One seed per
fruit is formed.

Due to their chemo-diversity, the sesquiterpene
lactones are the most suitable class of naturals
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products for chemo-systematic studies within the
family [12, 13].

The tribe Lactuceae Cass. The tribe Lactuceae
(Cichorieae, Asteraceae family) comprises 98
genera and more than 1550 species. The milky
latex and the floral structure make the tribe easily
distinguishable from all other Asteraceae. The
flowering heads are composed of wholly ligulate
florets that are usually 5-lobed [10].

According to classification system on flowering
plants [14], the classification hierarchy of the
genus Launaea can be tracked as follows:

Kingdom Plantae

Division Angiosperms

Class Eudicots

Subclass Asterids

Order Asterales

Family Asteraceae

Subfamily Cichorioideae

Tribe Lactuceae (Cichorieae)
Sub-tribe Sonchinae

Genus Launaea

The genus Launaea Cass. belongs to the tribe
Lactuceae of the Asteraceae family and contains
about 54 species, most of which are adapted to
dry, saline and sandy habits [15]. Plants of this
genus have several rows of stems, hairless leaves
incised into lobes that are themselves lined with
white teeth, membranous scales on the edges,
yellow ligules, and elongated chain, prismatic or
slightly flattened.

The genus Launaea is represented in the flora of
Algeria by nine species including five endemics
of North Africa: L. angustifolia, L. quercifolia,
and L. cassiniana are the endemic plants of the
North Africa, with limited distribution [15, 16],
whereas L. acanthoclada and L. arborescens
are two endemic plants of the north-west of
Africa. The other four species L. nudicaulis
and L. residifolia sprout in Algeria and Tunisia
Mediterranean Sea, whereas L. glomerata and
L. mucronata grow in the Saharan Atlas [16].

Three of this species are used in Algerian
Sahara ethnopharmacopea as medicinal plants,
L. nudicaulis, L. residifolia and L. arborescens,

-

Figure 1. Launaea arborescens (Batt.) and flower—
south west Algeria.

which is endemic to south west Algeria and south
east Morocco [17].

Launaea arborescens (Batt.) Murb, (syn. Zollikoferia
spinosa DC) is an almost leafless, xerophilous,
perennial spiny shrub, 40-120 cm. high, with typical
zig-zag shaped stems (Figure 1). The young stems
are green, glabrous and erect. The older ones
become tough spines. The leaves are narrow and
dissected in small lobes, evergreen at the base but
shed after flowering from the stems. The flowers
are yellow, and abundant flowering occurs from
March to June, but flowers and achenes are
produced throughout the year. The roots are very
deep, the leaves and stems have white latex which
is similar in appearance to milk (thus the local
name “Oum loubina™) [15-18].

Ethnopharmacolgy and bioactivity of the genus
Launaea Cass.

It is well known that species from Asteraceae family
are used as natural remedies such as: Anthemis
arvensis L. (anti-inflammatory, emetic, sedative),
Artemisia arborescens L. (digestive, stimulant,
expectorant), Calendula arvensis (antispasmodic,
burns, diuretic, disinfectant and vulnerary), Cichorium
intybus L. (blood purification, arteriosclerosis,
anti-arthritis, anti-spasmodic, digestive, hypotensive,
aperitif and laxative) and Helychrysum microphyllum
Willd. (expectorant).
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Algeria with its large area and diversified climate
has a varied flora, which is a source of rich and
abundant medical matter and, in particular, Sahara
part constitutes an important reservoir of many
plants which have not been investigated until today.
Among this flora, some Launaea plants have been
used in the traditional medicine [17-19]. Species
of the genus Launaea are widely applied in
traditional folk medicine throughout their areas of
distribution. Many of them are used in folk
medicine as bitter stomachic, anti-tumour, insecticides
and against skin diseases.

Launaea residifolia (Vernacular name: Lemkar) is
a medicinal plant used in folkloric medicine
mainly for the treatment of hepatic pains.

Launaea nudicaulis (Vernacular name: Reghama)
is used in the traditional medicine to treat gastric
burns, pain of stomach, constipation, to relieve
fever in children, in the treatment of itches of
skin and eczema.

Launaea arborescens (Batt) (Vernacular name:
Oum Lbina) commonly used in popular medicine
as an antidiarrhoic and antispasmodic, to relieve
fever, and as a vermifuge in children. The latex is
applied locally to cure sore throats and in the
treatment of furuncles. The powdered root mixed
with Artemisia herba-alba is taken for diabetes.
The plant is appreciated by livestock, mainly by
camel [17-21].

Many phytochemicals are potent effectors of
biologic processes and have the capacity to
influence disease risk via several complementary
and overlapping mechanisms [22].

More than 4000 sesquiterpenoids structures with
around 30 different skeletal types have so far been
reported from several tribes of Asteraceae family
including the Cichorieae tribe. These natural
compounds are responsible for allergic contact
dermatitis and exhibit a wide range of bioactivities
which include plant growth regulation and
antimicrobial activity. Also they are used as
schistosomicidal and insect feeding-deterrent agents.
In addition, they provoke the toxicity for certain
cancer cell lines by inhibition of nuclear DNA
synthesis, especially the enzymatic activity in
tumour cells of DNA polymerase and thymidylate
synthetase [12, 23, 24].

On the other hand, triterpenoids and flavonoids
chemio-characteristic of Asteraceae family, including
the Launaea genus, have been reported to have
anti-inflammatory activities, anti-hyperlipidemia,
hepatoprotection, antioxidant, cytoprotective, giving
protection against cardiovascular disease, and
certain forms of cancer [25, 26]. Antibacterial,
antifungal and allelopathic potential activities have
been proven for many species of Launaea. In an
antibacterial assay against Bacillus subtilis the
extracts of L. nudicaulis and L. residifolia showed
18.5 and 20.5 mm zones of inhibition, respectively,
as determined by the disc diffusion method. The
antifungal activity against Aspergillus spp. was
determined by measuring the linear growth in
slants on 4™ day of incubation. Methanol extracts
of L. nudicaulis and L. residifolia were active
at 0.209 mg/ml levels exhibiting 45 £ 6 mm and
37 £ 6 mm linear growth which decreased to 22 +
5 mm and 28 £+ 4 mm, respectively, at 0.838
mg/ml concentration [27].

As a part of our works on medicinal plants of
Algerian Sahara, recently we have reported the
antibacterial activity of extracts from Launaea
Arborescens and L. nudicaulis which are widely
distributed in the south west of Algeria. The
methanol extract of the aerial part of L. nudicaulis
showed high activities against Candida albicans,
Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa. The highest inhibition
observed in S. aureus, a human pathogen, explains
the use of this plant against a number of infections
for generations. Very interesting antifungal activity
against Candida albicans and Saccharomyces
cerevisae and antibacterial activity against
Staphylococcus  aureus,  Escherichia  coli,
Pseudomonas aeruginosa and Klebsiella entrecocus
have been reported for the methanol extract of
Launaea Arborescens [18, 28].

Hydroalcoholic extract from aerial parts of
Launaea arborescens was evaluated for acute and
subacute toxicity in Swiss mice after ingestions of
the extract. The LD50 of the extract is higher than
2.75 g/kg and the subacute treatment did not shows
any change in corporal weight and haematological
parameters, which suggest that the plant seems to
be destituted of toxic effects in mice [29].
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Aerial part and roots of Launeae arborescens
were used to evaluate their extracts for antifungal
activity against Fusarium oxysporum f. sp. albedinis
Foa. The antifungal test was conducted using disc
diffusion technique and relative virulence (RV)
test (on potato tuber tissue). For both tests, four
extract quantities were used (200, 400, 800 and
1,600 pg). The relative virulence was presented as
necrotic tissue weight (mg) of potato tuber tissue.
Among all solvents, methanol had the best extraction
yield (mean: 6.35%, minimum: 2.27%, maximum:
9.80%) [30].

Coumarins isolated from L. resedifolia showed
high antibacterial activity against some Gram-
positive bacteria such as Bacillus cereus and
Staphyllococcus aureus in minimum inhibitory
concentrations of 200 and 400 pg/mL. However,
they showed no effect on tested Gram-negative
bacteria such as Serratia Sp., Pseudomonas Sp.
and Escherichia coli [31]. The ethanol extract
of L. resedifolia showed neuropharmacological
properties in animal models. The extract exhibited
an inhibitory effect on the locomotor activity of
mice in the open field test, an anti-nociceptive
effect by increasing the hot plate reaction time in
the hot plate test, and an anti-inflammatory
activity in the carrageen-induced paw oedema.
This finding has demonstrated that the extract of
L. resedifolia possesses sedative, analgesic and
anti-inflammatory properties, and some effect on
body weight. The anti-infl ammatory effect of the
plant was found to be as active as the prototype
non-steroidal anti-inflammatory drug (NSAID)
aspirin [32].

Allelopathic potential effect of aqueous extract of
Launaea procumbens was observed in the soil
application by a significant retarding effect on
wheat growth while shoot spray or root dip
treatment had no such effect and methanol and
chloroform fraction from this specie exhibited
efficient antioxidant scavenging activities, attributed
to the phenolic and polyphenolic compounds such
as myricetin, catechin, vitexin, orientin, hyperoside
and rutin, revealed in HPLC [33].

Other research has shown that extracts from

Launaea procumbens provide effective protection
for kidneys against the CCl,-induced oxidative

damage in rats, through antioxidant and free
radical scavenging effects of flavonoids and
saponins present in this plant, which might be
responsible for the elimination of various kidneys
insults [34].

Phytochemistry of the genus Launaea Cass.

a. Secondary metabolites from the 2ed group of
Lactuceae tribe

The biodiversity of metabolite products isolated
from Asteraceae makes this family an important
phytochemical and commercial source. Several
phytochemical studies of some genera of Lactuceae
tribe (Cichorieae) revealed to be rich in secondary
metabolites, specifically sesquiterpene lactones
exhibiting the eudesmane, germacrane and guaiane
carbon framework. A total of 360 sesquiterpene
lactones and related compounds have been
isolated from 139 taxa belonging to 31 different
genera of the Lactuceae. Studies realized for these
genera revealed that most sesquiterpenoids within
the Cichorieae belong to the guaianolide class,
particularly: 92 representatives of costus lactone
type, 75 compounds of lactucin type, and 29
representatives of hieracin type [35, 36].

Some phenolic compounds, such as flavonoids and
coumarins were also isolated [37-42]. In addition,
triterpenes have also been detected [43, 44].
Recently, Sareedenchai and Zidorn indicated that
a total of 135 flavonoids have been isolated from
299 species of the Cichorieae (Lactuceae) tribe.
The reported compounds encompass flavanones,
flavanonols, flavones, flavonols, anthocyanidins,
isoflavonoids, chalcones and aurone [45].

Based on the similarity of their sesquiterpenes
profiles, Zidorn grouped the 31 genera of the
Lactuceae into seven main clusters and classified
Launaea with the 2ed group characterized by the
prevalence of guaianolides, formed by 11 genera,
sub-divided into four sub-groups: a) Scorzoneroides;
b) Notoseris, Lactuca, and Cichorium; c) Launaea,
Crepidiastrum, Reichardia, and Cicerbita d)
Taraxacum, Helminthotheca, and Hypochaeris [35].

Phytochemical investigation of 2ed group of the
Cichorieae tribe resulted in the identification and
isolation of differents metabolites including:
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Sesquiterpenoids

Costus lactone type guaianolides such as
dehydrocostruslactone 1, ixerisoside B 2, C 3 and D
4, scorzoside 5, zaluzanin C 6, glucozaluzanin C
7, 11 B,13-dihydrozaluzanin C 8, 8p-hydroxy-4 ,15-
dihydrozaluzanin C 9 and prenantheside C 10 [38, 39].
Lactucin type guaianolides, Lactucin 11, 8-O-acetate
Lactucin 12, Crepidiaside A 13, 11, 13dihydrolactucin
14, 8-O-acetate, 11p, 13 dihydrolactucin 15 and

Ry

H,H

a H,p OGlc

a H,p OGlc

H,H

H,H

aH,p OH

a H,p OGlc

aH, OH
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0 aHBOGIc

P OO ~NO O A~ WON P

11 : R; = R;=OH , Ry=H

12 : R; = OAc, R;=H, R3=OH

13 : R; =R,=H , R3=0-glc

8-Deoxylactucin 16. The eudesmane derivatives
santamarin 17, ixerisoside E 18, lactuside D 19,
sonchuside C 20 and artesin 21 [39, 46], costinolide
type germacranolides such as picriside B 22, C 23,
sonchuside A 24, B 25 and cichoerioside C 26, [41,
47, 48], and melampolides type, lactulide A 27,
lactuside A 28 and B 29 [38, 39, 49, 50] and in some
case sesquiterpenoid sulphate, 8-deoxy-15-(3’-
hydroxy-2’-methylpropanoyl) lactucin-3’sulfate 30 [51].
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Ry

20-21 ©
Ri R R3
20 H a H, B OGlc aCHs BH
21 OH H,H o CHs, B H
Ra
~R3
Rl R6
22-26
R, R, Rs R, Rs Rs
22 H CH,0GIc H H CH,4 CH,
23 OGlc CH,4 CH;4 CH,
24 0O-Glc CH,4 CHj4 o CHs, BH
25  OGlc CHs CH;  CH,
26 OGlc CH,4 CHj4 o CHs, BH
R, R, R; R, Rs
27 OH CH; H CHO a CHs,BH
28 OGlc CH,4 H CHO a CHs ,BH
29 OGlc CHj H CH,OH a CHs,BH

Terpenoids

The majority of these triterpenes are pentacyclic
and belong to lupane, oleanane, gammacerane and
ursane groups, with some tetracyclic compounds
such as B-amyrin 31, p-amyrin acetate 32,

taraxerol 33, taraxeryl acetate 34, taraxasterol 35,
taraxasterone 36, taraxasteryl acetate 37, -
taraxasteryl derivatives 38, 39, a-amyrin
derivatives 40, 41, lupeol 42, lupenone 43, and
lupenyl acetate 44 [39, 44].
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4

31  R=aH,pOH 33
32 R= aH,BOAc 34

-

38 R=aH,BOH 40
39 R= aH,BOAC 4

Phenolic compounds

Several phenolic compounds were identified in
the aerial parts and roots of some species of the
2ed group of Lactuceae tribe such as small phenolic
compounds: p-hydroxybenzoic acids, 4- caffeoylquinic,
chlorogenic, trans-caffeate, methyl and ethyl p-
hydroxyphenylacetate, and p- coumaric, affeic
acids as well as their glycoside derivatives,
dihydroconiferin, syringin and dihydrosyringin
[38, 39]. In addition this group of Lactuceae tribe
contains various flavonoids and flavonoid glycosides
such as flavanone type: 7-hydroxyflavanone 45,
7-methoxyflavanone 46, naringenin 47, naringenin
7-methyl ether 48, miscanthoside 49, hesperitin
50, quercetin derivatives: Isorhamnetin 51, quercetin
7-O-glucoside 52, quercetin 7-O-gentiobioside 53,
hyperin 54, quercetin 3-O-glucuronide 55, quercetin
3-O-rhamnoside 56, quercetin 3-O-rutinoside 57,
isorhamnetin 3-O-glucoside 58 and isorhamnetin
3-O-glucuronide 59. Various apigenin, luteolin
and isoetin groups were founds in the tribe such
as: Apigenin 4’-methyl ether 60, apigenin 4’-O-
glucoside 61, apigenin 7-O-glucoside 62, scutellarin
A 63, apigenin 7-O-gentiobioside 64, linarin 65,
luteolin 66, luteolin 4’-O-glucoside 67, luteolin
7-O-galactoside 68, luteolin 7-O-glucoside 69,
luteolin  7-O-rhamnoside 70, luteolin 7-O-
gentiobioside 71, luteolin 7-O-rutinoside 72,

R= OH 35
R=OAc 36 R=0

R= o H, BOH
R= a H, BOAC

R= o H, BOH

37 R= aH,BOAc

B %Z,

42 R=a H, BOH
43 R=0
44 R=a H, BOAC

luteolin  7,4’-O-diglucoside 73, luteolin 7-O-
gentiobioside-4’-O-glucoside 74, luteolin 7,3’-O-
diglucoside 75 and isoetin glycosides, 7-O-
glucoside 76, 7-O-glucoside-2’-O-arabinoside 77,
7-0-glucoside-2’-O-xyloside 78, 7-O-glucoside-
2’-0-(4-O-acetyl)-xyloside 79. 1t is well noted
that flavonoids are considered as chemosystematic
markers in the tribe Cichorieae of the Asteraceae
family. Furthermore, usually coumarin compounds
are found in the 2ed group of the Cichorieae tribe
such as, umbelliferone 80, scopoletin 81, esculetin
82 and cichoriin 83 [41, 45, 52, 53].

R, O
45-50
Rl R2 R3 R4

45 H OH H H
46 H OCH;  H H
47 OH OH H OH
48 OH OCHg; H OH
49 OH O-Glc OH OH
50 OH OH OH OCHj;
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OH O
76-79
Ri Rz Rs
51-59 76 Glc H H
R, R, Rs R, Rs 77 Glc Ara H
5. H H H CH; H 78 Gle Xyl H
52 H H Glc H H 79 Glc 4-O-acetyl Xyl H
53 H H Gen H H Ry AN
54 Gal H H H H m
55 Glu H H H H Rz o "o
56 Rha H H H H 80-83
57 Rut H H H H R, R,
58 Glc H H CH; H 80 H OH
59 Glu H H CH; H 81 OMe OH
82 OH OH
83 OH O-Glc
b. Secondary metabolites isolated from the
Saharan Launaea genus
60-65 Different secondary metabolites have been identified
R; R, Rs from the genus Launaea. In addition, few
60 H H CHjs sesquiterpene lactones have been reported from
61 H H Glc various species of this genus and the occurrence
62 H Glc H of flavones glycosides is remarkable. The first
63 H Glu H works in phytochemistry on species of the genus
64 H Gen H Launaea was started in 1969 by Prabhu and
65 H Rut CH; Venkateswarlu [54], when they isolated from
leaves and roots of launaea pinnatifida two
compounds Taraxasterol 35 and Taraxerly acetate
37. Five year after, in 1974, Bahadur and Sharma
[55] reported the presence of palmitic, stearic,
oleic and linoleic acids from the roots of Launaea
nudicaulis. Twenty year ago, in 1989, Gupta et al.
[56] investigated Launaea asplenifolia and isolated
nine compounds namely, taraxasterol, taraxasterone,
Ry R, Rs taraxasteryl acetate and the common compounds
66 H H H stigmasterol, ethypalmitate, ethylstearate, hexacosanol,
67 H H Gle octacosanol and octacosanoic acid.
68 Gal H H
69 Glc H H Launaea nudicaulis
70 Rha H H The light petroleum extract of Launaea nudicaulis
71 Gen H H leads to the characterization of some A’ and A°
72 Rut H H phytosterols: B-sitosterol, brassicasterol, campesterol,
73 Glc H Gle stigmasterol, fucosterol, 24p-A’-ergosten-3p-ol and
74 Gen H Gle stigmasta-7,24(28)-dien-3-ol [57]. Detailed chemical
75 Glc Glc H

investigation of Launaea nudicaulis yielded some
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triterpenes such as taraxasterol 35, y- taraxasterol
38, B-amyrin 34, 3p- taraxerol 33, oa- amyrin 39,
and lupeol 41 [58].

Two new ursene type triterpenes, nudicauline A
84, and nudicauline B 85 have been isolated from
the aerial parts of this species, along with olean-
11,13(18)-diene 86, 3B-hydroxy-13(28)-epoxy-
urs-11-ene 87 and 3-keto-13(28)-epoxy-urs-11-
ene 88 [59]. Additionally, flavone glycosides
were reported from the 70% EtOH extract of fresh

84 R= OH
85 R=Ac

Recently, ethyl acetate soluble fraction of
methanolic extract of Launaea nudicaulis was
subjected to chromatographic purification to get
four new compounds including a quinic acid
derivative Cholistaquinate 89, a pentahydroxy
acetylene analog: trideca-12-ene-4,6-diyne-2, 8, 9,
10, 1l-pentacl 90, a flavone glycoside

sample of Launaea nudicaulis and identified as
apigenin-7-O-glucoside 62, luteolin-7-O-glucoside
69, luteolin-7-O-rutinoside 72, apigenin-7-0O-
gentiobioside 64, luteolin-7-O-gentiobioside 71,
and three glycosides luteolin-7,3’-diglucoside 75,
luteolin-7",4’-diglucoside 73 and luteolin-7-O-
gentiobioside-4’-O-glucoside 74 [60], which are
common metabolites within the 2ed group of
Lactuceae tribe as indicated above. Moreover, two
common coumarins, esculetin 82, and cichoriin
83, were also described [61, 62].

A

87 R=a H, p OH
88 R=0

Cholistaflaside 91 and a sesquiterpene lactone
nudicholoid 92. Cholistaquinate 89 exhibited
significant activity in DPPH free radical scavenging
assay with an 1C50 value of 60.7 mM, whereas,
nudicholoid 92 exhibited a moderate inhibitory
activity against the enzyme butyrylcholinesterase
with an IC50 value of 88.3 mM [63].

OH OH
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Launaea residifolia (L.)

Chemical studie of the plant led to the isolation of
triterpenes a-amyrin 40, lupeol 42, lupeol acetate
44 and their epimer moretenol together with the
A’-stigmasterol. From the aerials parts of Launaea
residifolia growin in Algeria, four coumarin
compounds, cichoriin 83, esculetin 82, scopoletin
81 and its isomere isoscopoletin, were isolated [64].

On the other hand, the chemical composition of
essential oils from this species (0.9%) has been
identified using the ordinary GC-MS technique.
Nineteen compounds of essential oil of L.
residifolia L. were identified representing 86.68%
of the total oil. The compounds were identified by
spectral comparison to be mainly esters, alcohols,
ketones, and terpenes. The principal constituents
are dioctyl phthalate (39.84%), Decanoic acid,
decyl ester (12.09%), 11-Octadecenal (11.24%),
and Eucalyptol (07.31%) [65].

Launaea arborescens

Chemical data on this species are scarce in
literature and few published papers describe

phenolic components of the plant. In their studies
on Launaea genus from Spain including L.
arborescens, Giner et al. [66] isolated common
phenolic compounds namely, luteolin 66, luteolin-
7-0O- glucoside 69, luteolin-7-O-rhamnoside 70,
esculetin 82 and its glycoside cichoriin 83, and
simple compounds, ethyl-caffecate and ferulic
acid. The authors remarked that cichoriin 83 was
the most abundant compound in all studied
species.

We are the first initiators on the phytochemical
study of the Algerian sample of L. arborescens
collected from the Sahara [67]. From the
methanol extract of the aerial parts of this species,
we have described the isolation of four
compounds, two flavonoids, 3- acetyl-5-methoxy-
7,3’,4’-trihydroxyflavan-3-0l-8-O-glycoside 93,
5,7,4’-trihydroxy-3’- methoxyflavone ( chrysoeriol)
94, one lignan, 4,4’-dihydroxy-3,3’-dimethoxy-
7,97:7,9’-diepoxylignan 95, and a diterpene,
methyl-15,16-epoxy-12-0x0-8(17), 13(16), 14-
ent-labdatrien-19-oate 96.

A diversity structure of triterpenes oleanane
(3B-hydroxy-11a-ethoxy-olean-12-ene) and
sesquiterpenes type guaianolides (9a- hydroxy-
11B,13-dihydro-3-epi-zaluzanin C, 9a-hydroxy-
40,15-dihydro-zaluzanin  C) and costinolide
(3B,14-dihydroxycostunolide-3-O-B3-Gluc.,3p,
14-dihydroxycostunolide-3-O-B-Gluc.-14-O-p-
hydroxyphenylacetate) together with the lactucin-
sulfate 30 were chemically characterised
from both the aerial parts and roots of

L. arborescens [68]. The hydrodistillation of the
aeriel part of Launaea arborescens gave a green
yellowish oil in an yield of 0.07% from dried
material. Seventeen compounds were identified,
representing 84.96% of the total oil. The essential
oil of L. arborescens was a mixture of different
substances, including oxygen-containing
monoterpenes, alcohols, aldehydes, and esters.
Esters were the dominant group in the
oil (58.24%) with dioctyl phthalate (38.6%) and
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decanoic acid, decyl ester (12.07%) as the main
constituents. Alkenes and ketones were the minor
constituents of the oil. The terpenoid portion
consisted of two oxygenated monoterpenes
accounting for 7.24% of the oil. We also found
aldehydes in considerable amounts (16.09%)
[69].

In a recent study, we were interested in the chiral
separation  and  determination  of  the
diastereomerisation barriers of two flavanone
glycosides hesperidin and naringin isolated from
the aerial part of Launeae arborescens. The chiral
separation HPLC screening of diastereomers of
hesperidin and naringin by HPLC methods was
accomplished in the normal-phase mode using 11
chiral stationary phases and various n-
hexane/alcohol mobile phases. The rate constants
and activation energy of diastereomerisation
(DG#) of flavanones, naringin and hesperidin
were determined, respectively, on Chiralpak I1C
and Chiralpak IA. Separation of (2R/2S)-
flavanone glycosides using the Chiralcel OD-H as
CSP indicat that Epimer selectivity values (R)
ranged from 1.81 for naringin to 1.16 for
hesperidin, Chiralpak 1A ranged in different
conditions from 1.25 to 1.13 for naringin and
hesperidin and Chiralpak AD-H presented a good
chiral separation of naringin and hesperidin with a
selectivity factor towards 1.28. The ChiralpakAD
phase presented only the epimer separation of
hesperidin with a selectivity factor towards 1.21.
Analogously, the resolution factor (Rs) ranged
from 2.27 for naringin to 0.97 for hesperidin. The
values of R and Rs obtained for naringin were
much better than those obtained using another
polysaccharide-derived CSP (Chiralpak AD) and
a very similar mobile phase (1.51 and 0.7,
respectively) [70].

CONCLUSION

The genus Launaea has great importance due to
its ethnobotanics, phytochemistry and biological
activity, and it is a promising source of various
secondary metabolites including sequiterpenoids,
terpenoids and flavonoids. Some of these isolates
compounds have been found to exhibit various
biological activities. We have attempted to show
the high biodiversity of metabolite products
isolated from of the Launaea genus as well as

their biological significance. This review presents
information on the importance of the ethnobotany,
phytochemistry and biological activities of the
members of this genus, especially the species
growing in Algerian Sahara. The given
information can be the base for undertaking future
research. It is necessary to carry out more studies
and to propagate utilization of medicinal plants as
away to diminish the costs of public health programs.

REFERENCES

1. Halberstein R. 2005, Ann. Epidemiol., 15, 686.

2. Gurib-Fakim A. 2006, Traditions of
yesterday and drugs of tomorrow, Molecular
Aspects of Medicine, Special Edition,
Elsevier Publications, UK.

3. Bisset N. 1994, Herbal drugs and
phytopharmaceuticals, A handbook for
practice on a scientific basis, Ed.
Medpharm. Sc. Publishers, Sttutgarts-CRC
Press, Boca Raton.

4.  Newman, D. J. and Cragg, G. M. 2007, J. of

Nat. Prod., 70, 461.

Cordell, G. 2000, Phytochemistry, 55, 463.

6. Cordell, G. and Colvard, M. 2005, J.
Ethnopharmacol., 100, 5.

7. Yaniv, Z. and Bachrach, U. 2005, Handbook
of Medicinal Plants, Harworth Press, Inc.
New York, London.

8. Pieters, L. and Vlietinck, A. 2005, J.
Ethnopharmacol., 100, 57.

9. Hostettmann, K., Potterat, O. and
Wolfender, J.-L. 1998, Chimia, 52, 10.

10. Bremer. K. 1994, Asteraceae: Cladistics and
Classification, Timber Press, Portland.

11. Judd, W. S., Campbell, C. S., Kellog, E. A.
and Stevens, P. F. 1999, Plant Systematics:
A Phylogenetic ~ Approach,  Sinauer
Associates, Sunderland, MA.

12. Seaman, F. C. 1982, Bot. rev., 48, 123.

13. Zdero, C. and Bohlmann, F. 1990, Plant
Syst. Evol., 171, 1.

14. Funk, V. A, Susanna, A., Stuessy, T. F. and
Bayer, R. J. 2009, Systematics, Evolution
and Biogeography of Compositae. International
Association for Plant Taxonomy, Vienna,
Austria.

15. Ozenda, P. 2004, Flore et Végétation du
Sahara. CNRS, Paris.

o



Phytochemical and biological studies on the Saharan Launaea 79

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

217.

28.

29.

30.

31.

32.

Quezel, P. and Santa, S. 1963, In: Nouvelle
Flore d’Algérie et des Régions Désertiques
Meéridionales, Vol. 1-2, CNRS, Paris.
Cheriti, A., Belboukhari, N., Sekkoum, K.
and Hacini, S. 2006, J. Algerien reg. Arides,
5, 7.

a) Cheriti, A., Belboukhari, N. and Hacini,
S. 2001, Annales Univ. de Bechar, 1, 4. b)
Belboukhari, N., Cheriti, A. and Roussel, C.
2007, eCAM, 4(S1), 55.

Belboukhari, N. and Cheriti A. 2008, Elec. J.
Environ. Agron. Food Chem., 7(14), 2749.

a) Chehma, A. 2006, Catalogue des plantes
spontanées du Sahara septentrional Algérien,
Ed. Dar ElHouda, Ain Mila, Algeria. b)
Cheriti, A. 2000, Plantes Médicinales de la
Région de Bechar, Sud Ouest Algérie: Etude
Ethnopharmacologique, Rapport CRSTRA’,
Algeria.

Bellakhdar, J. 1997, La pharmacopée
marocaine traditionnelle, Médecine arabe
ancienne et savoirs populaires, IBIS Press.
Lampe, J. W. and Chang, J-L. 2007,
Interindividual differences in phytochemical
metabolism and disposition, Seminars in
cancer biology, 17(5), 347.

Kupchan, S. M., Giacobbe, T. J., Krull, I. S,
Thomas, A. M., Eakin, M. A. and Fessier,
D. C. 1970, J. Org. Chem., 35, 3539.
Picman, A. K. 1986, Biochem. Syst. Ecol.,
14, 255.

Lie, J. 1995, J. Ethnopharmacol., 49, 57.
Cheriti, A., Babadjamian, A. and Balansard,
G. 1994, J. Nat. Prod., 57, 1160.

Rashid, S., Ashraf, M., Bibi, S. and Anjum,
R. 2000, Pak. J. Bio. Sci., 3, 630.
Belboukhari, N. and Cheriti, A. 2006, Pak. J.
Biolog. Sci., 9(1), 1.

Salah Ramadan, B., Cheriti, A,
Belboukhari, N. and Zaouani, M. 2008,
Annales Univ. Bechar, 4, 48.

Boulenouar, N., Marouf, A., Cheriti, A. and
Belboukhari, N. 2012, J. Agr. Sci. Tech., 14,
6509.

El-Bassuonyl, A. and Kabbash, A. M. 2008,
Phcog Mag., 4(16), 249.

Auzi, A. A., Hawisa, N. T., Sherif, F. M. and
Sarker, S. D. 2007, Rev. bras. farmacogn., 17,
160.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

a) Shaukat, S. S., Tajuddin, Z. and Siddiqui,
I. A. 2003, Pak. J. Bio. Sci., 6, 225. b) Rahmat,
A. K., Muhammad, R. K., Sumaira, S. and
Mushtaq, A. 2012, Chem. Central J., 6, 4.
Rahmat, A. K., Muhammad, R. K. and
Sumaira, S. 2010, J. Ethnopharm., 128, 452.
a) Zidorn, C. 2006, Biochem. System. Ecol.,
34, 144. b) Zidorn, C. 2008, Phytochemistry,
69, 2270.

Zidorn, C., Ellmerer, E.-P., Heller, W., Johrer,
K., Frommberger, M., Greil, R., Guggenberger,
M., Ongania, K.-H. and Stuppner, H. 2007.
Z. Naturforsch., 62b, 132.

Miyase, T. and Fukushima, S. 1987, Chem.
Pharm. Bull., 35, 2869.

Kisiel, W. and Barszcz, B. 2000, Fitoterapia,
71, 269.

Kisiel, W. and Michalska, K.
Fitoterapia, 77, 354.

Kisiel, W. and Zielinska, K. 2003, Z.
Naturforsch., 58¢, 789.

Michalska, K. and Kisiel, W.
Biochem. System. Ecol., 35, 714.
Mulinacci, N., Innocenti, M., Romani, A.,
LA Marca, G. and Vincieri, F. F. 2001,
Chromatographica, 54, 455.

Schutz, K., Carle, R. and Schieber, A. 2006,
J. Ethnopharmacol., 107, 313.

Takasaki, M., Konoshima, T., Tokuda, H.,
Masuda, K., Arai, Y., Shiojima, K. and
Ageta Hiroyuki. 1999, Biol. Pharm. Bull.,
22, 606.

Sareedenchai, V. and Zidorn,
Biochem. System. Ecol., 38, 935.
EL-Masry, S., Ghazy, N. M., Zdero, K. and
Bohlmann, F. 1984, Phytochemistry, 23, 183.
Takeda, Y., Musuda, T., Morikawa, H., Ayabe,
H., Hirata, E., Shinzato, T., Aramato, M. and
Otsuka, H. 2005, Phytochemistry, 66, 727.
Khalil, A. T., El-Fattah, H. A. and Mansour,
E. S. 1991, Planta Med., 57, 190.

Nishimura, K., Miyase, T., Ueno, A., Noro,
T., Kuroyanagi, M. and Fukushima, S. 1986,
Phytochemistry, 25, 2375.

Wang, X.-X., Lin, C.-J. and Jia, Z.-J. 2006,
Planta Med., 72, 764.

Sessa, R. A., Bennett, M. A., Lewis, M. J.,
Mansfield, J. W. and Beale, M. H. 2000, J.
Bio. Chem., 275, 26877.

2006,

2007,

C. 2010,



80

Abdelkrim Cheriti et al.

52.

53.

o4.

55.

56.

57.

58.

59.

60.

61.

a) Aboul-Ela, M. A., Abdul-Ghani, M. M.,
El-Fiky, F. K., El-Lakany, A. M., Mekky, H.
M. and Ghazy, N. M., 2002, Alexandria. J.
Pharm. Sci., 16, 152. b) Dem’yanenko, V.
G. and Dranik, L. I. 1973, Khim. Prir.
Soedin., 9, 119.

Clifford, M. N., Shutler, S., Thomas, G. A.
and Ohiokpehai, O. 1987, Food Chem. 24, 99.
Prabhu, K. R. and Venkateswarlu, V. 1969,
J. Indian Chem. Soc., 46, 176.

Bahadur, K. and Sharma, S. 1974, Proc. Natl.
Acad. Sc., India, Sect. A, 44, 264. (Chem.
Abst. 84: 19232h)

Gupta, M. M., Verma, R. K. and Singh, S.
C. 1989, Fitoterapia, 60, 476.

Behari, M. and Gupta, R. 1980, Indian J.
Chem. Section B:, 19B(10), 926.

a) Majumder, P. L. and Laha, S. 1982, J.
Indian. Chem. Soc., 59, 881. b) Hook, F.,
Behari, M., Gupta, R. and Mutsumoto, T.
1984, Indian Drugs, 21, 366.

Zaheer, A., Dildar, A. and Abdul, M. 2006,
Magn. Reson. Chem., 44, 717.

Ragaa, M. A., Mansour, A., Ahmed, A. A.
and Nabiel, A. M. S. 1983, Phytochemistry,
22, 2630.

Sarg, T. M., Omar, A. A., Ateya, A. M. and
Hafiz, S. S. 1986, Egypt. J. Pharm. Sci.,
25, 35.

62.

63.

64.

65.

66.

67.

68.

69.

70.

a) Mansour, R. M. A., Ahmed, A. A. and
Saleh, N. A. M. 1983, Phytochemistry, 22,
2630. b) Mansour, R. M. A., Saleh, N. A. M.
and Boulos, L. 1983, Phytochemistry, 22, 489.
Saleem, M., Parveen, S., Riaz, N., Nawaz,
Tahir, M., Ashraf, M., Afzal, I., Shaiq Ali,
M., Malik, A. and Jabbar, A. 2012,
Phytochemistry Let., under press.

a) Abdel-Fattah, H., Zaghloul, A. M., Halim,
A. F. and Waight, E. S. 1990, Egypt. J. Pharm.
Sci., 31, 81. b) Gherraf, N., EI-Bassuony, A.
A., Zellagui, A., Rhouati, S., Ahmed, A. A.
and Ouahrani, M. R. 2006, Asian. J. Chem.,
18, 2348.

Zellagui, A., Gherraf, N., Ladjel, S. and
Hameurlaine S. 2012, Org. Med. Chem.
Let,, 2, 2.

Giner, R. M., Diaz, J., Manez, S., Recio, M.
C., Soriano, C. and Rios, J. L. 1992,
Biochem. System. Ecol., 20, 187.
Belboukhari, N. and Cheriti, A. 2006, Pak. J.
Biol. Sci., 9, 2930.

Bitam, F., Ciavatta, M. L., Manzo, E., Dibi,
A. and Gavagnin, M. 2008, Phytochemistry,
69, 2984.

Cheriti, A., Saad, A., Belboukhari, N. and
Ghezali, S. 2006, Chem. Nat. Prod., 42(3), 360.
Belboukhari, N., Cheriti, A., Roussel, C. and
Vanthuyne, N. 2010, Nat. Prod. Res., 24(7),
669.



Asian Journal of Chemistry; Vol. 25, No. 9 (2013), 4723-4725

AsiaN JOURNAL OF CHEMISTRY /

http://dx.doi.org/10.14233/ajchem.2013.14050

e ASIAN JOURNAL
OF CHEMISTRY

Structure-Antioxidant Activity Relationship of Some Flavonoids
Isolated from Warionia saharae (Asteraceae)

MEBARKA BELBOUKHARI'??

, ABDELKRIM CHERITI' and NASSER BELBOUKHARI>"

'Phytochemistry and Organic Synthesis Laboratory, University of Bechar, Bechar, 08000, Algeria
*Bioactive Molecule and Chiral Separation Laboratory, University of Bechar, Bechar, 08000, Algeria

*Corresponding author: E-mail: nasro14 @maktoob.com; belboukhari.nasser@yahoo.com

(Received: 11 May 2012;

Accepted: 4 March 2013)

AJC-13057

| The antioxidant behaviour of flavonoids including flavone, flavanol and isoflavone isolated from leaves of Warionia saharae and the |
| related activity-structure relationships were investigated by measuring their abilty to scavenge the free radical 2,2-diphenylpicrylhydrazyl |
| show that the antioxidant activity depends both on substitution of hydroxyl groups of the flavonoids skeleton and the presence of an |

unsaturation at the C2 -C3 bond in conjugation with 4 oxo function.
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INTRODUCTION

EXPERIMENTAL

Reactive oxygen species readily attack and induce oxida-
tive damage to various biomolecules including proteins, lipids,
lipoproteins and DNA. This oxidative damage is a crucial
etiological factor implicated in several chronic human diseases
namely cardiovascular diseases, rheumatism, diabetes mellitus
and cancer'”.

The human body possesses many defense mechanisms
against oxidative stress, including antioxidant enzyme and non-
enzymatic compounds®, antioxidants are chemical substances
that reduce or prevent oxidation, they have the ability to coun-
teract the damaging effects of free radicals in tissues'*.

Many studies have shown that phenolic compounds
display antioxidant activity as a result of their capacity to
scavenge free radicals. Flavonoids belong to a group of phenolic
compound with a number of biological activities such as
antibacterial,antimutagenic, cytotoxic, anticarcinogenic and
antioxidant activity’.

The antioxidant property of flavonoids was the first
mechanisms of action studied in particular with regard to their
protective effect against cardiovascular diseases, flavonoids
have been shown to be highly effective scavengers of most
types of oxidizing molecules, including singlet oxygen and
various free radicals®’.

The objective of this study was to elucidate the antioxi-
dant activity of flavonoids isolated from leaves of Warionia
saharae and determine their activity-structure relationships as
antioxidant by using the DPPH radical scavenging.

DPPH radical scavenging method: The antioxidant
activity of the flavonoids isolated from leaves of Warionia
saharae was assesses by the mean of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) colorimetric method'. This method
depends on the reduction of purple DPPH to a yellow coloured
diphenylpicrylhydrazine and the remaining DPPH’, which
showed maximum absorption at 517 nm was measured
(spectrophotometer). About 2 mL of a 20 mg/mL DPPH solu-
tion were added to 1 mL of a methanolic solution of each
fractions (1-100 pg/mL). A mixture of 2 mL of DPPH and
1 mL of methanol served as control. The mixture was shaken
vigorously then incubated for 15 min in darkness at room
temperature. Absorbance was measured at 517 nm, each
experiment was performed in triplicate. The DPPH radical
scavenging activity was calculated according to the following
equation:

A

-A
control sample
DPPH radical scavenging activity (%) A—p

control

where Agumpe: absorbance of sample; Aconro: absorbance of
control.

RESULTS AND DISCUSSION

Ten different flavonoids including flavones, flavanol and
isoflavone isolated from leaves of Warionia saharae were
measured for antioxidant properties in this study by using
DPPH radical scavenging.
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TABLE-1
STRUCTURE AND ANTIOXIDANT ACTIVITY OF TESTED FLAVONE
N Name Code Structure AA %
H
H H
H
. HO
1 5,6,7-Trihydroxy flavone w.sAD(L-L) 07 H 81.65
A
HO ”
OH O
OMe
H OMe
H
’ E) . . HO
2 3’,4’-Dimethoxy-5,7,8-trihydroxy flavones w.sbu 02 OMe 70.16
|-
HO ”
OH
OMe
H OMe
H
3 3’,4’-Dimethoxy-5,7-flavone w.s bu 16 HO o 73.52
H | H
I
OH
H
H OMe
OH
4 3’,4’-Dimethoxy-7,8-dihydroxy flavones w.sbu 11 A | OMe 69.33
H
H
I
H
H
H OMe
H
5 3’,4’-Dimethoxy-6-hydroxy flavone (flavone) w.sbu 03 H © | OMe 75.92
H
HO ”
H
Me
6 Luteolin-O-glycosyl-4’-methoxy-5-hydroxy w.sbu 15 67.56

(flavone-glycosylé)

HO%OIO © | OH
" OH I
OH H O

As shown in Table-1, the 5,7 hydroxyl group in A ring the
C2-C3 double bond in conjugation with 4 oxo®'* function
present in compound 1 (5,6,7-trihydroxy flavones), is known
to improve antioxidant efficiency and this may be the reason
why this flavone has a high potent antioxidant activity (86.65 %).

As present in Table-1, it is observed that compounds 2, 3,
4 having a lower antioxidant activity than the activity of com-
pound 1 due to presence of methoxylation group in 3', 4' and
5' position in A ring”"”.

The presence of glycosylation group in 7 position for
compound 6 reduce the antioxidant activity'”.

In the Table-2, the antioxidant activity of taxifolin 6-
hydroxy is higher 96.40 % due to existence of hydroxyl group

in 5, 7 position in A ring and 3 position in C ring*".

The taxifolin 6-hydroxy, 4' methoxy has a low antioxidant
activity percentage than taxifolin 6-hydroxy due to presence
of methoxylation group in 5' position in A ring'’.

As present in Table-3, the compound 1 has a high anti-
oxidant activity 86.71 % due to presence of hydroxyl group in
5, 6, 7 position in A ring and the unsaturation between C2-C3
in conjugation with 4-oxo function in C ring®'%.

The absence of unsaturation between C2-C3 in C ring

reduce the antioxidant activity for compound 2%,
Conclusion

The results of this study provide evidence that flavonoids
have radical scavenging activity or antioxidant activity due to
presence of substitution patterns on the B ring appear to be
the most important contributor to the antioxidant activity,
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TABLE-2
STRUCTURE AND ANTIOXIDANT ACTIVITY OF TESTED FLAVANOLS
N Name Code Structure AA %
H
H OH
H
B HO
1 Taxifolin 6-hydroxy (flavanol) w.s AD 18 OH 96.40
H
H ” OH
OH O
H
H H OMe
HO (@)
2 4’ 5,7-Taxifolin (flavanol) w.sbu 12 OH 66.16
H
H OH
OH O
TABLE-3
STRUCTURE AND ANTIOXIDANT ACTIVITY OF TESTED ISOFLAVONE
N Name Code Structure AA %
H
1 6-Hydroxy biochanin A (isoflavone) w.s AD(L-L) 03 86.71
2 6-Hydroxy biochanin A (isoflavone) w.sbu 13 69.59

hydroxyl groups boost the antioxidant activity, whereas
methoxy and glycosyl groups reduce the antioxidant activity.
Presence of unsaturation between C2-C3 in conjugation with
4 oxo function enhances the antioxidant capacity. A hydroxyl
group at the C3 position is also beneficial to the ability of
flavonoids to scavenge free radical.
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