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Abstract

Abstract:

In order to evaluate the natural products of the desert plants, we conducted this work
which is based on study the differences in amount of phenolic compounds and estimate the
antioxidant activity of the flowers of the parasitic plant Cistanche tinctoria (Desf.) Beck
(Orobanchaceae) growing in Oued-Souf region.

After the extraction processes, the yield of the three extracts (Crude, Flavonoids
phase Ethyl acetate and Tannins) was estimated with a variance in its values, the highest
value recorded in the crude extract (11.26 %), however the tannin extract got the lowest
value (0.505%). The results of the estimation of phenolic compounds showed that
polyphenols and flavonoids were estimated by 167.74 + 24.36 mg EAG/g Extract and
26.76 + 2.69 mg EQu/g Extract, respectively.

The antioxidant activity was performed by three tests, the results of the first one
which is the DPPH’ test, showed that tannin extract had the best inertial capacity than the
other extracts (ICsp= 8.12 pg/ml), however the results of Hemolysis test showed that the
Flavonoid extract got the lowest disintegration (22.47%) between the extracts. The third
test was the Reducing power assay and its results showed that the tannin extract had the
highest reducing power between the extracts of Cistanche tinctoria (Desf). Beck. The three

tests were applied using the Ascorbic acid as a standard compound.

The qualitative analysis of the extract using High Performance Liquid
Chromatography (HPLC) showed the differences of concentrations and types of some
phenolic compounds in the crude extract of Cistanche tinctoria (Desf). Beck, such as:

Chlorogenic acid (1.152 pg /mg Extract) and Naringin (27.456 pg /mg Extract).

Key words: Cistanche tinctoria (Desf). Beck., Crude Extract, Tannins, Polyphenols,
Flavonoids, Antioxidant activity, DPPH test, Hemolysis test, Reducing power assay,
HPLC.
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Résumé

Résumé:

Afin de valoriser notre ressources végétales naturelles, ce travail a été menée pour
faire une étude quantitative des composes phénoliques et étudiés I'activité antioxydante des
extraits des fleurs Cistanche tinctoria (Desf). Beck. qu'il est développe dans la zone
d'Oued-Souf.

Les résultats ont montré une différence dans les valeurs de rendement entre les
extrairs: la valeur la plus élevée a été enregistrée a I'extrait brut (11.29%), et I'extrait de
tanin était le plus bas (0.505%). Aussi les résultats de l'estimation quantitative des
polyphénols et flavonoides pour l'extrait brut était différente et ils ont été estimées par:
167.74 £ 24.36 mg EAG/g Extrait et 26.76 £ 2.69 mg EQu/g Exrait, respectivement.

L'acitivité antioxydante a été évaluée par trois tests. la premier test est le test DPPHe
et les résultats ont montré que l'extrait de tanins était supérieur au reste des extrais avec une
capacite d'inhibition (ICsp=8.12 pug/ml), mais a test d'hémolyse, l'extrait de flavonoides qui
a donné la meilleure protection de érythrocytes (22.47% d'érythrocytes dissous). La
troisiéme test était le test de Pouvoir Réducteur, les résultats de ce test ont montré que
I'extrait de tanins a un bonne pouvoir réducteur plus élevé que les autres extrait.

L'analyse qualitative des extraits par Chromatographie Liquide Haute Performance
(HPLC) a montré les differences de concentration et de qualité de composés phénoliques,
par exemple chez I'acide Chlorogenique (1.152 pg /mg Extrait) et Naringine (27.456 g
/mg Extrait).

Mots-clés: Cistanche tinctoria (Desf). Beck., Extait brut, Tanins, Composés phénoliques,
Flavonoides, L'activité antioxydante, Test DPPH, Test d’hémolyse, Pouvoir Réducteur,
HPLC.
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Introduction

Introduction

Plants are the GOD’s special gift to this planet, indeed every plant on the planet has
the potential and capability of serving one purpose or another. They are so important for
our lives because they used for many things such as: beautification, medicines and of
course as a food. That’s why they have been the subject of man’s curiosity since time
immemorial, but still the man do not fully exploit them, especially since the compounds of
some unstudied plants may serve the purpose of healing some diseases.

Plants have many active compounds, they are the richest bio-resource of drugs of
traditional and modern medicine (Hammar et al., 1999), this medicinal value is based on
some chemical substances that produce a definite physiological action on the human body
and the most bioactive compounds of plants are flavonoids and tannins (Edeoga et al.,
2005).

Algeria is one of the richest countries with plants because of its vast area and climate
diversity, but still there are many species of plants that have a few studies are caring out
about them, so in this study, we chose one of these plants, which is Cistanche tinctoria
(Desf.) Beck. This plant is a rare traditional medicinal plant, it used as a treatment for
abdominal pains, muscle contractions and other diseases. So, in this work we will try to
figure out the biological activity of different extracts from the flowers of Cistanche
tinctoria, and how we determine their antioxidant activity? And could we really classify it
as a medicinal plant?

In order to find answers to those questions, we will study the parasitic plant
Cistanche tinctoria (Desf.) Beck. (flowers), which belongs to the Orobanchaceae family
and grows in Oued-souf region (south-earst of Algeria), this will be based on preparing the
extracts using the Maceration method, then we will determine the total phenolic and
flavonoid contents of the crude extract, also we will estimate the antioxidant capacity using
three different assays: DPPH radical scavenging assay, Hemolysis assay and Reducing
power assay, and in order to figure out the phenolic compounds of the methanolic extract,

we will use the HPLC technique.



Introduction

The research was divided into two parts:

% Bibliographic synthesis: includes three chapters, the first one focuses on the
study of the phenolic compounds, the second one was about oxidative stress
and antioxidants and the third one was about the plant Cistanche tinctoria
(Dest.) Beck, and its family.

% Experimental part: this part includes two chapters, the first chapter was
about the materials and methods used during the whole study, and the second

one was about the results of this research and their discussion.
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Phenolic compounds



Chapter I: Phenolic compounds

1- Preface:

Secondary metabolites (Figure 01) are highly numerous in number and chemically
diverse in nature (Li et al., 2014), they are defined as natural products (Bellebcir, 2008)
which are differ in structure, function and quantity (Maksym, 2014) according to the type
of plant (Ewane, 2012) or in the same plant (Loic, 2011). These products are actually not
important for plant growth but they could be used for development under optimal growth
conditions (Maksym, 2014). They can be classified in many ways, based on their chemical
structure, composition, their solubility in various solvents, or pathway by which they are
synthesized, but the simple classification includes three groups, one of them is: Phenolic
compounds (Mudanda, 2010; Bellebcir, 2008; Carocho & Ferreira, 2013).

Secondary

metabolites

Phenolic

Isopernes Alcaloids
compounds

more

simple

complex .
P phenolics

derivatives

Figure (01): The three groups of secondary metabolites.

1- Phenolic compounds:
2-1- Definition:

Phenolic compounds are the most widely distributed secondary metabolites,
ubiquitously present in the plant kingdom and their chemical structure is based on at least
one aromatic ring bonded to one or more hydroxyl groups (Loic, 2011; Chanforan, 2010; ¢»

2012 43, they are mainly synthesized from the amino acid phenylalanine (Cooper &
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Nicola, 2015) which is converted to cinnamic acid, despite the structural diversity, the
groups of compounds are often referred to as "Polyphenols"(Abedini, 2014).

These molecules represent a variety of functions in plant growth and development,
they take a part in the regulation of seed germination, also taking part in defense responses
during excessive sun exposure, injuries, infection and heavy metal stress (Renata et al.,
2006; Kanoun, 2010; 2010 ¢_see)

They are derived from pentose phosphate, shikimate (Ncube & Staden, 2015), and
phenylpropanoid pathways (Aberoumand & Deokule, 2008) in plants. These molecules are
usually divided into two groups: simple phenols and more complex derivatives. Each one
of these groups includes others ones (Boumendjel, 2007).

Phenolic

compounds

complex Simple
phenols phenols

Phenolics
acids

Tannins Flavonoids

Figure (02): The classification of phenolic compounds.

2-2-  Sources:

Phenolic compounds are very widespread in plant foods, especially in fruits,
vegetables, grains, seeds, cereals, legumes and beverages such as coffee and fruit juice.
(Duthie & Kyle, 2000; Benhammou, 2012).
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2-3- Classification:

As we said before, phenolics posses an aromatic ring bearing one or more hydroxyl
groups and this ring or rings are synthesized in the shikimate acid pathway from amino acid
phenylalanine (2004434 (). That is why phenolic compounds can be classified in a
number of ways. According to Chanforn (2010), they classified into many groups based on
the number of carbons in the molecule. (Table 01).

Table (01): The most important classes of phenolic compounds (Chanforan, 2010)

Structure Class Examples
Cs Simple phenolics Catechol, Hydroquinone
Cs-C1 Hydroxybenzoique acids P-hydroxybinzoique
e Hydroxyciannamic * caffeic acid
Ce-Cs acids * scopleine
e Coumarins
Cs-C4 Naphthoquinones Juglone, plumbagim
Cs-C2-Cs Stilbenoids Resvertrol
Flavonoids
e Flavonols e Quercetin
Ce-C3-Co e Flavanols e Catechin
e Isoflavonoids e Daidzein
(C6-C3)2 Lignans Pinoresinol
(Ce-C3)n Lignins /
(Cis)n Tannins /

2-4-  Role and importance of phenolic compounds:

There is a lot of studies have reported the advantages of phenolics, such as anti-
aging, anti-inflammatory, antioxidant (Benhammou, 2012; Harkat, 2008). In addition to the

above, there are relevant antioxidant enzymes to counter oxidants. Polyphenols, especially

flavonoids, phenolic acids and tannins, have the important property of inhibiting o-
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glucosidase and a-amylase, which are key enzymes and responsible for the digestion of
dietary carbohydrates to glucose. The high antioxidant capacity makes polyphenols as an
important key factor which is involved in the chemical defense of plants and predators and
in plant-plant interferences (Dixon and Pavia, 1995). Another valuable property of phenolic
compounds is in their ability to chelate heavy metal ions such as iron and copper ions
(Renata et al., 2006) due to the presence of suitable functional groups: hydroxyl and
carboxyl (Michalaka, 2006).

Also phenolics are responsible for the color (such as yellow, red, blue pigments and
orange), taste and flavor (such as eugenol and vanillin) of foods and protect the plant
against insects, fungi, bacteria and viruses (Kanoun, 2010; Harkat, 2008; 2010 ¢. <)

2-5-  Phenolics groups:
2-5-1- Simple phenols:
2-5-1-1-  Phenolic acids:

Phenolic acids are simple molecules represented the basic unit of phenolic
compounds, they consist 2 subgroups: the hydroxybenzoic and hydroxycinnamic acids
(Sexena et al., 2012; 2012 .3 cp; Kanoun, 2010). The phenolic acids have an interesting
biological properties, and according to many studies, they have diverse functions inclusing
photosynthesis, enzyme activity, protein synthesis and structural compounds. A large

number of phenolic acids present in vegetable foods, such as nuts and fruits (Boukri, 2014).

2-5-1-2- Flavonoids:

a. Definition:

The term "flavonoid” is generally used to describe a broad collection of natural
products with low molecular weight and it is from the Latin word "Flavus™ which means
yellow (Harborne, 1973). Flavonoids were originally described as Vitamin "P" by Szent et
al in 1936 (2012 «Uile s ).

Flavonoids are one of the largest groups of plant secondary metabolites. The general
structure of a molecule is based on 15-carbon skeleton (connected by three-carbon bridge
(C6-C3-C6) (Speisky, 1994; 2015 «ckés 5 4S), which consists of two aromatic rings A and
B linked via a heterocyclic benzopyran ring, where the 2-phenylchromane considered as the
basic unit for it (Jiri et al., 2013; Athamena, 2009; 2012 st (p).
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Figure (03): The basic unit of flavonoids ( 2015 «obis 53<)
b. Distribution of flavonoids:

Flavonoids are one of the most widespread groups of plant substances, they occur in
the root, leaf, flowers, bark, fruits, vegetables, seeds and pollen also they exist in cacao,
coffee and tea (Marfak, 2003). These compounds could be found as glycosides dissolved in
water ( 2016¢& =5 485), About 2% of the total carbon photosynthesized are converted to
Flavonoids which in turn contribute to the myriad bright colors in plant tissues (Markham,
1982).

c. Classification:

Flavonoids have been classified into a variety of classes: Chalcones, flavones,
flavonols, flavandiols, flavanoles, isoflavonoids, proanthocyanidins and their derivatives
anthocyanidins. The various classes of flavonoids differ in the level of oxidation and
pattern of substitution of the ring C (Cindy, 2013) while individual compounds within a
class differ in the pattern of substitution of the A and B rings (Bruneton, 1999; « & 43

2016) , their general structures are shown in the following figure (04).

Flavone Isoflavone

’ Flavanone
Flavonole

= G
O o

OoH

Chalcone
OH

Flavandiol

Proanthocyanidin

Antocyvanidin

Figure (04): The different structures of flavonoids classes (Zolghadri et al., 2019)

9
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d. Biological activity of flavonoids:
v Antioxidant activity:

Flavonoids possess many biochemical properties, but the best described property of
almost every group of flavonoids is their capacity to act as antioxidants. The antioxidant
activity of flavonoids depends upon the arrangement of functional groups on the nuclear
structure (Pandey et al., 2012), the configuration, substitution, and total number of
hydroxyl groups substantially influence several mechanisms of antioxidant activity such as
radical scavenging and metal ion chelation ability (Nijveldt et al., 2001). This activity is
due to a combination of the flavonoids's iron chelating and free radical scavenger
properties, also the inhibition of oxidase enzymes such as lipoxygenase, NADPH oxidase
and xanthine oxidase (Kumar & Pandey, 2013).

v Anticancer activity:

Fruits and vegetables are having an enormous amount of flavonoids, which have been
used as cancer chemopreventive agents (Mishra et al., 2013). Flavonol quercetin is
contained in dietary fruits and vegetables, especially onions and apples. Quercetin favonol
is inversely associated with the incidence of cancer of the prostate, lung, stomach, and
breast (Brisselmans et al., 2005). Many biological properties of flavonoids are sometimes
proved to be cancer chemopreventive, for example: the natural resources of Anthocyanidins
have the potential to fight against colorectal cancer, the sources of flavones (leek, kale,
parsley, broccoli, pepper.. ) used to treat breast, thyroid, stomach, lung, oral and colon

cancer.

Also the sources of isoflavonoids such as soy flour and soy milk fight against
prostate, breast and kidney cancer, The mechanism of action of flavonoids in the molecular
study is downregulation of mutant p53 protein, cell cycle arrest, tyrosine kinase inhibition,
inhibition of heat-shock proteins, estrogen receptor bonding capacity and inhibition of

expression of Ras proteins (Duthie et al., 2000).
v" Anti-inflammatory activity:

Inflammation is the complex biological of vascular tissues to harmful stimuli, such as
pathogens, damaged cells and chemical irritation. It is initiated by migration of immune
cells from blood vessels and release of mediators at the site of damage. Many types of cells

involved with the immune system have been shown to alter their behavior in the presence

10
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of flavonoids (Rathee et al., 2009). A number of flavonoids such as hesperdin, apigenin,
luteolin and quercetin are reported to possess anti-inflammatory and analgesic effects.
Flavonoids may affect specifically the function of enzyme systems critically involved in the
generation of inflammatory processes, especially tyrosine and serine-threonine protein
kinases (Nishizuka et al., 1988).

v Antiviral activity:

In the last decade, many studies have been developed to figure out the antiviral
activity of flavonoids, actually the most of these studies were concentrated about showing
up the effect of flavonoids against human immunodeficiency virus (HIV). Most of the work
related to antiviral compounds revolves around the inhibition of various enzymes
associated with the life cycle of the virus. The studies show the ability of flavonoids to
inhibit the multiplication of HIV virus by inhibiting HIVV-1 reverse transcriptase (Harbone
and Williams, 2000). In addition the flavonoids chrysin, acacetin and apigenin prevent
HIV- activation via a novel mechanism that probably involves inhibition of viral
transcription (Critchfield et al., 1996).

v Antibacterial activity:

A lot of studies have realized the antibacterial activity of flavonoids, especially the
ones with hydropholic subtituents such as prenyl groups, this activity depends on structure,
namely on the substitution on the aromatic rings (Wenzel, 2013). Several flavonoids have
been shown to possess potent antibacterial activity such as: flavones, flavanones,
flavanoles, chalcones,isoflavonoids, bioflavonoids and galangin. The antibacterial
mechanisms of flavonoids are summed as follows: inhibition of nucleic acid synthesis,
inhibition of cytoplasmic membrane function, inhibition of energy metabolism, inhibition
of the attachement and biofilm formation, inhibition of the porin of the cell membrane,
alteration of the membrane permeability and attenuation of the pathogenicity (Xie et al.,
2015).

e. Importance of flavonoids in plants:

According to a lot of studies, flavonoids carry out functional roles of amazing
significations in plant-environment interaction, one of these roles is protecting plants from
germs and parasites also their ability to protect cell tissues from UV damage (Muhammad

et al., 2011). In addition, flavonoids have been used as a way of classification based on the

11
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colors they give for fruits and flowers (Clugston et al., 2002), and they could regulate auxin
movement and catabolism because of their ability to create auxin gradients translates into
phenotypes with different morphoanatomical features, so they have a role as a growth
regulator (Taylor and Grotewold, 2005).

2-5-2- Complex phenols (tannins):
2-5-2-1-  Definition of tannins:

The name "tannin” is derived from the French "Tanin" (tanning substance) and it is
used for a range of natural polyphenols (Karamali and Teunis, 2001). According to Bate-
Smith and Swain tannins are water-soluble phenolic compounds with a molar mass
between 500 and 3000 (Haslam, 1989). They may be subdivided into:

v Hydrolysable tannins are derivatives of Gallic acid (3, 4, 5-trihydroxyl benzoic
acid) (Vargas, 2009)

v Condensed tannins are usually referred to as Proanthocyanidins (Frutos et al.,
2004),

o
C

Figure (05): The basic structure of Tannis:

a- Hydrolysable tannins, b- condensed tannins (Frutos et al., 2004).

2-5-2-2-  Sources of tannins:

The main sources of tannins are: grape, muscadine grape, peach, blackberry, apple
juice, raspberries, pomegranate, walnuts, olive, plum, haricot bean, chick-pea, lentils, tea,

cocoa, coffee, chocolate and immature fruits (Balasundram et al., 2006).
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2-5-2-3- Properties of tannins:

They are widely distributed in plants and occur in especially high amounts in the
bark of certain trees and in galls (Pradeep et al., 2006)

Tannins can complex with proteins, starch, vitamins, and minerals at moderate pH
and dissociate at lower pH (Juan Maria et al., 2017), and this ability of making
complexes caused the leather tanning' property (Ozeker, 1999).

Because of their high chemical reactivity, tannins have played an important role in
thermosetting systems for several decades, such as tannin-based adhesives and
tannin-based foam material (Jingjing et al., 2019).

They cause the bitter taste in immature fruits (Benhammou., 2012).
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Chapter I1: Oxidative stress & Antioxidants

1- Oxidative stress:

The imbalance between pro-oxidant and antioxidants, called oxidative stress
(Binghua et al., 2019). This is caused by lack of antioxidants or by the accumulation of
free radicals, primarily the reactive oxygen species (ROS) and the reactive nitrogen species
(RNS), after the stimulation of the endogenous and external environment, oxidative stress
could lead to cell death and the dysfunction of physiology, which could ascribe to DNA
damage, inflammation (Xiaole et al., 2019).

2- Free radicals:
2-1-  Definition of free radicals:

A free radical is defined as any atom, molecule or a fragment of atoms and molecules
with one or more unpaired electrons, capable of short independent existence (Tvrda et al.,
2017), they are uncharged, very reactive, and short-lived molecules of less than 10 in
biological systems. Some oxygen species known as reactive oxygen species, in fact they are
non-reactive but they could generate free radicals (Godwill, 2018). Many studies show that
free radicals cause a lot of oxidative damage to various molecules in living organisms such
as: proteins, lipids and nucleic acids and these are involved in the interaction phases of
many diseases such as: respiratory ailments, cancer, heart diseases, atherosclerosis and

even neuronal death (Chun-Yung et al., 2018).
2-2-  Types of free radicals:
They are generally classified into two major categories of compounds:

- Reactive oxygen species (ROS).

- Reactive nitrogen species (RNS).

Which includes the free radicals and the non-free radicals, where the first one are
more reactive and less stable than the second one because they contain at least one unpaired

electron in the shells around the aromatic nucleus (Godwill, 2018).
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Table (02): Some examples of reactive oxygen and nitrogen species (Tvrda et al., 2017).

Reactive oxygen species (ROS)

Superoxide 0" Hydrogen peroxide H20;
Hydroxyl radical OH* Hypochlorous acid HOCI
Peroxyl radical ROO* Hypobromous acid HOBr
Alkoxyl radical RO* Ozone O3
Hydroperoxyl radical HO,* Singlet oxygen A
Lipid peroxyl radical LOO® Lipid peroxide LOOH
Reactive nitrogen species (RNS) ‘
Nitric oxide NO* Nitrous acid HNO,
Nitrogen dioxide NO,* Nitrosyl cation NO*
Nitroxyl anion NO™
Dinitrogen tetroxide N204
Dinitrogen trioxide N20O3
Peroxynitrite ONOO"

2-3-  Sources of free radicals:

Free radicals are produced either from normal cell metabolism in situ, which means

internal sources or from external sources (Sultan, 2014):

2-3-1- Internal sources:

a- Mitochondria:

They are known as "powerhouse of a cell”, because they are responsible for 90% of
the energy production in cells (Ozcan and Ogun, 2014). In addition, mitochondria are the
main source of reactive oxygen species (Tsolaki et al., 2017), because there are about 90%
to 95% of cellular oxygen is used up in oxidative phosphorylation and 3% from that pool
can be converted to superoxide. Also, mitochondria produce H,O, and OH® by Fenton

reaction and dismutation of O, (Ozcan and Ogun, 2014).
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Figure (06): Production and disposal of mitochondria ROS (Li et al., 2013)
b- NADPH oxidase:

The NADPH oxidase is the major enzymatic source of ROS generation in cells
(Ozcan and Ogun, 2014). Using the NADPH as the electron donor, the NADPH oxidase
catalyzes the production of superoxide by the reduction of oxygen by the following
reaction:

NADPH' + 20> ——— NADP" + H" + 20,

Figure (07): Schematic diagram of the structure of the active NADPH oxidase complex
(Ozcan and Ogun, 2014).

c- Lipoxygenases:

This enzyme is one of ROS sources in blood vessel walls (Koushishi, 2009), also, it
intervenes in the production of some kinds of ROS by stimulating the LBs and this is
proved by some studies in the last few years (Werz et al., 2000), which suggest that LTB4
treatment of fibroblasts and neutrophils results in ROS generation (Ozcan and Ogun, 2014).
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2-3-2- External sources:
According to Sultan (2014), these are some of the external sources of free radicals:

- Environmental pollutants
- Cigarette smoke.

- Radiations.

- Certain drugs.

- Industrial solvents.

- Alcohol.

- Ultraviolet light.

- Ozone.

- Pesticides.

- Anesthetic solvents.

2-4-  Damages of free radicals:

In fact, free radicals with a little concentration have a very important physiological
roles, for example expansion of blood vessels (Faivaier, 2003), but the continual influx and
generation of ROS either from internal or external sources would cause an oxidative
damage of cellular components and may impair many cellular functions (Godwill, 2018),

this damage could be in:
2-4-1- Lipids:

As we know cellular membranes are highly rich in unsaturated fatty acid, that is why
they are vulnerable to oxidative damage this damage has three stages and in general is

known as lipid peroxidation (Meral et al., 2000).
2-4-2- Proteins:

Proteins are the most targets for attack by ROS predominantly by the OH®, RO® and
nitrogen-reactive radicals causing damage. Hydrogen peroxide and superoxide radicals
have weak effects on proteins except for proteins containing SH groups. Following the
oxidation, proteins are susceptible to many changes in their function which include

inactivation, chemical fragmentation (Godwill, 2018).
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2-4-3- DNA:

DNA is a very sensitive molecule for ROS, which can cause several types of damages for
it, such as: modification of DNA bases, loss of purines (apurinic sites), DNA-protein cross-

linkage, damage to the deoxyribose sugar and damage to DNA repair system (Godwill,

2018).

ROS-induced oxidative damage
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Figure (08): Reactive oxygen species (ROS)-induced oxidative damage (Kohen and

Nyska, 2002)

3-
3-1-

Antioxidants:

Definition of antioxidants:

Antioxidants are defined as molecules that dispose, scavenge and inhibit the
formation of ROS or oppose their actions (Tvrda et al., 2017). In other words, antioxidants
are chemicals that bind with free radicals and nullify their effect from causing damage to
biological molecules, they bind with them by giving up their own electrons. These results
in the termination of oxidative chain reactions, and the free radicals are no longer able to
attack the cell. Antioxidant attains free radicals state after donating its electron. It can

accommodate the change in electrons without becoming reactive, and that is why they are

not harmful (Rizwan, 2018).

3-2- Classification of antioxidants:

Antioxidants can be divided into two dominant categories based on their sources:

Natural antioxidants & Synthetic antioxidants.
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3-2-1- Natural antioxidants:

According to Godwill (2018), this category is the most important because they
directly act on free radicals either by decomposing, scavenging or converting free radicals

to less reactive forms. This defense mechanism involves 2 groups:
3-2-1-1-  Enzymatic antioxidants:

The enzymatic antioxidants include superoxide dismutase (SOD), catalase,
glutathione reductase (GRx) and glutathione peroxidase (GPx).

a- Superoxide dismutase (SOD):

Superoxside dismutases are metal-containing enzymes that catalyze the conversion of
two superoxides into oxygen and hydrogen peroxide, which is less toxic than superoxide
(Tvrda et al., 2017).

In other words, SOD are proteins which stimulate the dismutation of superoxide to
hydrogen peroxide according to the following reaction formula (Serrano and Klann, 2004):

SOD
02.7 =t 21_1+ _—> H202 5 02

They exist in three forms in mammalian tissues and tissue distribution (Godwill,
2018):

e Copper zinc sueroxide dismutase (CuZnSOD).
e Manganese superoxide dismutase (MnSOD).
e Extracellular superoxide dismutase (ECSOD).
b- Catalase (CAT):
Catalase catalyzes the decomposition of hydrogen peroxide to molecular oxygen and

water, thereby completing the detoxifying reaction started by SOD (Tvrdé et al., 2017).

Actually, catalase was the first antioxidant enzyme to be characterized (Shalini and
Sivakumar, 2015). It is located mostly within the peroxisomes of cells which contain most
of the enzymes capable of generating hydrogen peroxide. It consists of four protein
subunits, each containing a heme group and molecule of NADPH (Godwill, 2018; Shalini
and Sivakumar, 2015).
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It may be found in bone marrow, heart, kidney, liver, blood and mucous membranes

(Januel, 2003), also in mitochondria and endoplasmic reticulum (Tvrdéa et al., 2017).
c- Glutathione reductases (GRXx):

GRx is a flavine nucleotide dependent enzyme (Shalini and Sivakumar, 2015) and it
has a similar tissue distribution to glutathione peroxide (Godwill, 2018). It has been found
in the prostate gland, seminal vesicles, sertoli cells (Tvrda et al., 2017).

The role of GRx is to generate GSH from GSSG using NADPH in order to increase
the ratio of reduced to oxidized glutathione (Godwill, 2018; Shilina, 2009).

d- Glutathione peroxidases (GPx):

They are a family of selenium-containing enzymes, which catalyze the reduction of
H,0, and organic peroxides, including phospholipid peroxides (Tvrda et al., 2017).

It has been found in liver, kidney and highly found in almost all tissues. Its
subcellular location is usually the cytosol and mitochondria, it catalyzes the oxidation of
reduced glutathione (GSH) decomposing hydrogen peroxide or another species such as:
hydrogen peroxide and lipid hydroperoxide, acts as substrates for these enzymes (Godwill,
2018; Shalini and Sivakumar, 2015).

e- Other enzymatic antioxidants:

Superoxide dismutase (SOD), catalase, glutathione reductase (GRx) and glutathione
peroxidase (GPx) were the most known enzymatic antioxidants, but there are other
enzymes may also participate in the enzymatic control of oxygen radicals and their
products. Tvrda et al (2017) have given an examples about them such as: Glutathione S-

transferase (GST), Ceruloplasmin, Transferring and Heme oxygenase (HO).
3-2-1-2-  Non-enzymatic antioxidants:

They are also known as synthetic antioxidants or dietary supplements (Tvrda et al.,
2017), they are usually low-molecular-weight antioxidant (LMWA) compounds capable of
preventing oxidative damage either by directly interacting with ROS or indirectly by
chelating metals (Godwill, 2018).
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They include:
a- Glutathione (GSH):

It is an endogenous tripeptide that protects the cells against free radicals by donating
either a hydrogen atom or an electron (Shalini and Sivakumar, 2015). It is the most
abundant thiol protein in mammalian cells, this molecule has three precursors: cysteine,
glutamine acid and glycine (Tvrda et al., 2017). Glutathione exists as GSH in its reduced
form and 2 of GSH molecules can be joined via oxidation at their SH groups of the cysteine
residue into a disulfide bridge to form GSSG which is the oxidized form (Godwill, 2018).

b- Vitamin C:

This vitamin is considered one of the organism's most powerful antioxidant agent due
to its capacity to donate two electrons from its double link at positions two and three, in
such as way that it interacts with FR, blocking their harmful effect (Morals-Gonzlaes et al.,
2012). It is a water-soluble vitamin, and it is one of the important molecules which human
body need (Can and Frie, 1999) it is widely distrubted in various tissues (Zaho et al., 2019).
This molecule acts by scavenging the superoxide radical anion, hydrogen peroxide,
hydroxyl radical, singlet oxygen and reactive nitrogen oxide. Vitamin C has been found in
citrus fruits, peppers, strawberries, tomatoes, broccoli, Brussels sprouts and other leafy
vegetables (Tvrda et al., 2017).

HO

Figure (09): Chemical structure of Vitamin C (Brakat et al., 2012).
c- a-tocopherol (Vitamin E):

It is a fat-soluble vitamin with high antioxidant properties (Zaho et al., 2019).
Vitamin E involves 2 subgroups: tocopherols and tocotrienols (Mozos e al., 2017; Tvrda et
al., 2017), both of these subgroups can further be divided into four lipophilic molecules

which means there are eight isoforms of Vitamin E (Zaho et al., 2019; Shalini and
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Sivakumar, 2015). The major difference between tocopherols and tocotrienols is the side
chain, the first one has a saturated phytyl tail, while the second one posses an unsaturated
side chain (Zaho et al., 2019).

Vitamin E plays a function as an efficient "chain breaker" during lipid peroxidation in
cell membranes and various lipid particles including low-density lipoprotein (LDL). Its role
is to scavenge lipid peroxyl radicals and to terminate the lipid peroxidation chain reactions
(Godwill, 2018). This vitamin has been found in high concentrations in palm oil, rice ban
and oily plants (Mozos e al., 2017).

Figure (10): Chemical structure of Vitamin E (a-tocopherol)
(Morals-Gonzlées et al., 2012).
d- Retinol (Vitamin A):

Vitamin A, also called trans-retinol,is an isoprenoid alcohol that performs several
important functions in the organism. (Morals-Gonzlées et al., 2012). It is produced as a
result of the breakdown of -carotene and is a carotenoid produced in the liver (Shalini and
Sivakumar, 2015). As such, it is considered as a vital antioxidant that prevents human LDL
against copper stimulated oxidation, eliminates FR and protects the DNA in its mutagenic
action (Godwill, 2018; Morals-Gonzlaes et al., 2012).

Figure (11): Chemical structure of Vitamin A (Retinol) (Morals-Gonzlaes et al., 2012).
e- Other non-enzymatic antioxidants:

There are other substances which may contribute to the maintenance of oxidative

homeostasis  such  as:  bioflavonoids,  flavonoids,  carotenoids, lycopene,
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hydroxyciannamates, catnitine, taurine, selenium, albumin, uric acid, lipoic acid,(Godwill,
2018; Tvrda et al., 2017).

Vitamin E

Vitamins Cand E
P-carotene

Vitamin E + SOD + Glutathione Peroxidose
P-carotene +GSH

Figure (12): Diagrammatic representation of the site of enzymatic and non- enzymatic
antioxidants (Shalini and Sivakumar, 2015).

3-2-2- Synthetic antioxidants:

They are chemically synthesizing compounds since they do not occur in nature (Atta
et al., 2017). Butylhydroxyanisol (BHA) , Butylhydroxyltoluene (BHT), Propyl gallate
(PG) and Tertiary butyl hydroquinone (TBHQ) are types of synthetic antioxidants, which
used as additives in foods to prevent oxidation of lipid (Gul et al., 2013).
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Figure (13): Structures of some synthetic antioxidants (Atta et al., 2017).
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Chapter I11: A taxonomic study of Cistanche tinctoria (Desf). Beck

1- Presentation of the Orobanchaceae family:

The Orobanchaceae family (in English: Broomrape) is one of only a dozen families
of angiosperms in which the parasitic habit is known (parasitic plants), it is the largest
family of haloparasitic flowering plant. This family comprises about 2060 species in 90
genera The family has a cosmopolitan distribution, but the main places are the
Mediterranean, western and central Asia, northern Africa and North America
(Piwowarczyk and Madeja, 2014; Thieret, 1971).

The Orobanchaceae are plants whose calyx are campanulate (4-5 meters), the corolla
more or less labiate, the stamens didynamous, the glandular ovary in its inner base, the
capsule is unilocular with 2 free valves, each of them carrying two longitudinal placentas
loaded with seeds. The members of this family are achlorophyllous, consisting of a fleshy
body with spike or raceme inflorescence. They are all root-parasitic plants and obtain
water and nutrients from hosts via their invading haustoria (Chen and Hsiao, 2011; Quezel
and Santa, 1963).

1- Presentation of the genus Cistanche:

The genus Cistanche which belongs to the family Orobanchaceae includes 16 species.
They form an attractive group of phanerogamic root parasites. The occurrence of the genus
is restricted to certain arid and semi arid regions of Africa, Asia and the Mediterranean

area, including parts of Southern Europe (Ramadam et al., 2010).

Figure (14): External morphology of the genus Cistanche (Ozenda et Capdepon,
1977).
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2- Presentation of the plant Cistanche tinctoria:
3-1-  Definition:

Cistance tinctoria (figure 15) is a parasitic plant like all members of the
Orobanchaceae family, it is chlorophyll-free, obligate parasitic (Ozenda, 1977). The
flowers are bright yellow and distributed throughout the plant in brown tones, the leaves are
lanceolated, reduced to brownish scales, This plant is gathered from the wild and used
locally in foods (2007 «ls), stem is thick with height 30 to 120 cm (Ozenda, 1977).

The vernacular Arab name is EL-tarthouth (2007 ««ls) and this plant quite common
in high plateaus and in northern Sahara and it is rarer in western, central and southern
Sahara (Ozenda, 1977).

Figure (15): Cistanche tinctoria (original photos).
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3-2- Classification:

According to Ould Saadi (2016) , the classification of Cistanche tinctoria is:

Kingdom: Plantae.
Subkingdom: Tracheophyta.
Division: Angiosperms.
Class: Dicotyledons
Order: Lamials.
Family: Orobanchaceae.
Genus: Cistanche.
Specie: tinctoria.

3-3- Distribution of Cistanche tinctoria:

Local: In high plateaus and in northern Sahara and it is rarer in western,
central and southern Sahara (Ozenda, 1977).
Regional: North Africa.

In the whole world:

North Africa (Ould Saadi., 2016).

3-4- Traditional uses:

As a rare traditional medicinal plant, the dried whole plant is used for the treatment of

abdominal pains, diarrhoea, muscle contractions and bruises (Bouzitouna et al., 2015). Also

the underground part of young shoots of the plant is useful against intestinal problems and

diabetes (Lakhdari et al., 2016). In Tissint region (Marroco), the local people applied the

powder of the plant for injuries and in Egypt the dry powder mixed with camel's milk and

used for bruising. (Bouzitouna et al., 2015).

In addition to the medicinal virtues of this plant, its shots and stems had been used for

food application. Nomades in southern Morocco and Algeria eat the lower part of the plant,

they mixed it with cereals to make a kind of oatmeal or bread (Bouzitouna et al., 2015;

2007 «wds). Also, it is used for tanning and dyeing leathers (Bouzitouna et al., 2015).
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Chapter I: Meterials & Methods

1- Materials:

1-1- Plant materials (Cistanche tinctoria):

In this study, we used the flowers of C.tinctoria (Desf). Beck, which have been
collected during the flowering period (29" March. 2018), from Taleb Larbi region (figure
16), (33°42'27.8"N) and (07°18'57.1" E) that affiliated regionally to El-oued state and it's
located about 60 km toward the Tebessa road.

Taleb Larbi
el s N

Hassi Khelifa \\
asls sl N

Figure (16): the place of collecting the flowers of C.tinctoria
1-2-  Materials and methods used in preparing the plant materials:
In order to prepare the plant sample, we followed the steps in the table below:

Table (03): Materials and methods used for preparing the plant materials

Methods used Materials

Collecting | The flowers of the plant have been - Scissors.

collected during the flowering period. - Plastic bags.

The collected plant material was air-
Drying dried at room temperature for 3 to 4 - Clean cloth.

weeks.
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After drying, the plant material has
been ground by mechanical grinder - Mechanical grinder.
Grinding | to get a fine powder, this powder was
stored at room temperature in airtight - Airtight containers.
containers protected from bright light

until the beginning of the experiment.

2- Methods:
2-1-  Preparation of the methanolic extract of C.tinctoria:

Ten grams (10g) of dry plant were macerated with 150 ml of methanol at room
temperature in dark for 24 hours. After filtration, using the filter paper, the solvent was
evaporated to dryness under reduced pressure in a rotary evaporator at 50°C, to get the
crude extract, which was stored in a place protected from bright light and humidity
(Bouchouka, 2016).

Ten grams (10g) of dry matter + 150 ml of methanol

gt

Maceration for 24 hours

g

Filtration

g

Evaporation (50°C)

g

Crude extract

Figure (17): Protocol of preparation of crude extract.
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2-2-  Extraction of Flavonoids:

Ten grams (10g) of dry matter were macerated with 150 ml of methanol at room
temperature in dark for 24 hours. After filtration, using the filter paper, the solvent was
evaporated under reduced pressure in a rotary evaporator at 50°C until we get the
methanolic extract. Then, we added to this extract a volume of 150 ml of warm distilled
water and 150 ml of Ethyl acetate and we put the new mixture in a separator funnel. After
the separation of the mixture, we got two phases: Ethyl acetate phase and Aqueous phase,
then we take the first one and evaporated it in a rotary evaporator at 50°C to get the
Flavonoids extract (phase Ethyl acetate). (Bekkara et al., 1998).

10 g of dry matter + 150 ml of methanol (24 hours)

g

Methanolic extract

g

Evaporation (55°C)

g

Addition of 150 ml of warm distilled water and
150 ml of Ethyl acetate.

gt 1

Ethyl acetate Aqueous
phase phase

g

Evaporation (55°C)

gt

Flavonoids extract

(Ethyl acetate phase)

Figure (18): Protocol of extraction of flavonoids.
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2-3- Extraction of Tannins:

Thirty grams (30g) of dry matter were macerated with 60 ml of distilled water and
140 of Acetone at room temperature in dark for 72 hours (3 days). After filtration, using the
filter paper, the solvent was evaporated under reduced pressure in a rotary evaporator at
50°C to remove acetone. Then, we added 150 ml of Dichloromethane to the remaining
solution to remove lipid-soluble substances, then, we put the whole mixture in a separatory
funnel for about 2 hours. After the separation of organic phase (upper phase) and aqueous
phase (lower phase) by separatory funnel, the first one (upper phase) was further extracted
with Ethyl acetate (150 ml) and evaporated to dryness at 50°C. This extraction has been
done according to the modified method described by Zhang et al (2008).

30 g of dry matter + 60 ml of distilled water + 140 ml of Acetone (3 days)

11l

Evaporation (55°C)

ugs

150 ml of Dichloromethane

ugs

Using separatory funnel for separation

uys uys

Aqueous phase Organic phase

11l

Add 150 ml of ethyl acetate

ags

Evaporation to dryness (50°C)

11l

Tannins extract

Figure (19): Protocol of extraction of Tannins.
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2-4-  Determination of extraction yield:

According to Truong et al (2019), The extraction yield is calculated by the following

formula;

Extraction yield % = (weight of the extratct / weight of the initial matter ) x 100

2-5-  Determination of total phenolic contents (TPC):

The total phenolic contents of the crude extract were determined according to the
Folin-Ciocalteu's phenol reagent method of Singleton-Rossi with some modification, this
method is based on the redox reaction of the reagent forming a blue color pigment
(Silberstein et al., 2019).

As a first step and in a test tube, we mixed 0.2 ml of the extract with 1 ml of Folin-
Ciocalteu reagent diluted 10 times with water, then we added 0.8 of sodium carbonate
solution (7.5%). After stirring the test tubes we let them rest for 30 min, the absorbance was

measured at 765 nm using the spectrophotometer (Rahmani et al., 2018).

The same procedure was repeated for all standard Gallic acid solutions at different

concentrations.

We used Gallic acid as a standard for the calibration curve. The total phenolic content

was expressed as Gallic acid equivalents (mg of Gallic acid equivalents in 1 g of extract).
2-6- Determination of total flavonoid contents:

According to Boudjouref et al (2014), in a test tube, we blended 1 ml of the sample
solution with 1 ml of aluminum trichloride methanolic solution (2%). After stirring the test

tubes, we let them rest for 10 to 15 min at room temperature.

The same procedure was repeated for the standard Quercetin solutions at different

concentrations.

Based on the measured absorbance 430 nm, the concentration of flavonoids was read
(mg/ml) on the calibration line; then, the content of flavonoids in the extract was expressed

in terms of Quercetin equivalent (mg of QE/g of extract).
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2-7-  Evaluation of Antioxidant activity:

Antioxidant activity is a complex procedure usually happening through several
mechanisms and is influenced by many factors, which cannot be fully described with one
single method. Therefore, it is essential to perform more than one type of antioxidant
capacity measurement to take into account the various mechanisms of antioxidant action. In
this study, three complementary tests were used to assess the antioxidant activity of
Cistanche tinctoria: the first one is DPPH assay, which is one of the most widely used
method for screening the antioxidant activity of plant extract In vitro, while the second test
was Hemolysis test as In vivo test, and the last one was Reducing power assay.

2-7-1- DPPH scavenging assay:

DPPH (2,2-diphenyl-1-picryhydrazyl) is stable chromogenic radical with a deep
purple color, and because of its simplicity and sensitivity, The DPPH assay has become one
of the most frequently used methods and offers the first approach for evaluating the
antioxidant activity.

The DPPH scavenging assay is based on electron donation of antioxidants to
neutralize DPPH radical. The reaction is accompanied with color change of the DPPH
measured at 517 nm, and the discoloration acts as an indicator of the antioxidant efficacy
(Chavan, 2018).
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Figure (20): Principle of DPPH radical scavenging capacity assay (Teixeira et al., 2013)

%+ DPPH protocol:

The DPPH scavenging activity of the extracts was measured by using the modified
method of Brand-Williams et al (1995). A volume of 1 ml of each extract at different

concentrations was added to 1 ml of DPPH solution (0.1mM: 4mg/100ml) in methanol.
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After incubation for 10-15 min at room temperature, the absorbance of the reaction mixture
was measured at 517 nm. In this test, Ascorbic acid (AA) was used as a reference standard.

According to Monowar et al (2019), the percentage of inhibition was calculated by

using the following formula:
DPPH radical scavenging inhibition % =[ (A control = A sample) / A controt ] X 100

Where:

- A .nror Absorbance of the control reaction.
A smpie: Absorbane of the reaction mixture containing DPPH and sample.

«» Determination of 1Csy values:

ICso values were calculated from the plotted of scavenging activity against the
concentrations of the samples. 1Csg is defined as the total antioxidant necessary to decrease
the initial DPPH radical by 50 %. ICsy was calculated for all the extracts based on the

percentage of DPPH radicals scavenged (Gaikwad et al., 2011).
2-7-2- Hemolysis assay:

This test is used to determine the ability of the plant extracts to protect the
erythrocyte blood cells from damage or disruption of the cell membrane after exposing
them to oxidative stress and free radicals by measuring the percentage of dissolved
erythrocytes.

% Hemolysis assay protocol:

According to Abirami et al (2014), a volume of 40 ul of erythrocytes of blood (the
blood sample was obtained from healthy human) was mixed with 2 ml of plant extract, this
solution was conserved for 5 min at 37 °C. Then, we added 40 pl of H,0, (30x10° Mol),
40 pl of FeCl; (80 %10 Mol) and 40 pl of Ascorbic acid solution (50 x10° Mol)

respectively to the jumble.

After 1 hour of incubation at 37°C, the mixture was centrifuged with 700 Tour/min

for 10 min. The absorbance of the upper layer (supernatant) was read at A=540 nm.
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The percentage of hemolysis was determined using the following formula:
Hem0|ySiS% = (A control /A Samp|e) X 100

Where:
- A ool 1S the absorbance in the absence of the extract.
A smpie: 1S the absorbance in the existence of the extract.
2-7-3- Reducing power assay:

The reducing power assay is often used to evaluate the ability of an antioxidant to
donate an electron. The presence of antioxidants in the extracts resulted into reduction of
the ferric cyanide complex (Fe®*) to the ferrous cyanide form (Fe®*) (Irshad et al., 2012).

(Singhal et al., 2011).

Antioxidant
Potassium ferricyanide + Ferric chloride ——— Potassium ferrocyanide + ferrous chloride

In reducing power assay, antioxidants cause the reduction of the Fe** into Fe®",
thereby changing the solution into various shades from green to blue, depending on the
reducing power of the compounds. Strong reducing agents, however, formed a blue color
and absorbed at 700 nm.

% Reducing power protocol:

In test tubes, a volume of 0.5 ml of the extracts was added to 1.25 ml of a phosphate
buffer (0.2 M, pH 6.6) mixed with 1.25 ml of potassium ferrocyanide (1%). The mixture
was incubated in a hot bath at 50°C for 20 min. During this time of incubation, the reaction

of reduction of Fe®" to Fe** of each sample proceeds perfectly.

After 20 min of the incubation, the reaction is stopped by adding 1.25 ml of
trichloroacetic acid (10%), the tubes were then centrifuged at 3000 rpm for 10 min. We
collected a volume of 1.25 ml of the upper layer (supernatant), mixing it with 0.25 ml of
FeCl; (0.1%) and diluting it with 1.25 ml of distilled water, the optical density was read at
700 nm (Kemewele Saague et al., 2019). Ascorbic acid (AA) was used as a positive

control.
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2-8-  High Performance Liquid Chromatography (HPLC):

High Performance Liquid Chromatography, which is also known as High Pressure
Liquid Chromatography. It is a popular technique used the separation, identification and
quantification of each constituent of a mixture (Thammana, 2016). HPLC is based on the
interaction between the analytes, a solid stationary phase and liquid mobile phase. By
choosing the proper mobile phase and stationary phase chemistries, analytes can be
separated based on hydrophobicity, size, charge and many other properties (Belkacem,
2009).

¢ Principle of work:
According to Chouikh et al (2018), the principal work of HPLC was:

- 20 pl of plant extract solution (crude extract) was injected into the flow of mobile
phase.

- Adjusts the high pressure that drives the mobile phase solvent in the column that
separates the compounds of the mixture on the basis of their polarity by using a
pump.

- The separated compounds shall be determined using the detector which connected
to the column and to the computer which records the results as curves characterized

by the numbers of the sample's compounds.
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Chapter I1: Results & Discussion

1- Results:
1-1- Determination of extraction yield:

After the extraction processes, the extraction yield had been determined using the
formula described by Truong et al (2019) and the results are shown in the table below:

The extract Yield % |
Crude extract 11.26

Flavonoids extract 1.34

Tannin extract 0.505

Table (04): Percentage yield of each extract.

According to these results, the yield of the three extracts (Crude, Flavonoid phase
Ethyl acetate and Tannin) was estimated with a variance in its values, the highest value
recorded in the Crude extract (11.29 %), followed by Flavonoids extract (Ethyl acetate
phase) (1.34%), however the Tannins extract got the lowest value (0.505%).

1-2-  Total phenolic and flavonoid contents:

TPC contents is the process to figure out the amount of phenolic content in the
samples. The phenolic level was determined by the Folin-Ciocalteu assay, as described by
Rahmani et al (2018).

A calibration curve of standard reference was established using Gallic acid as a

standard reference plotted.
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Figure (21): A linear calibration curve of Gallic acid (standard) in the total phenolic assay.

TPC was revealed as Gallic acid equivalents (the mg of Gallic acid corresponding to
the polyphenols present in 1 g of extract).

Total flavonoids were determined using the modified aluminum chloride colorimetric
method of Boudjouref et al (2014), where Quercetin was used as a reference standard to

estimate flavonoid content.
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Figure (22): A linear calibration curve of Quercetin (standard) in the total flavonoid assay.
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According to the results shown in the table (05), the total phenolic contents in the
Crude extract were 167.74 + 24.36 (mg GAE/g Ex) and the content of flavonoids in was
26.76 £ 2.69 (mg QE/g EX).

Table (05): Total phenolic and flavonoid contents in crude extract.

Sample extract Total phenolic contents Total flavonoid contents

(mg GAE/g EX) (mg GAE/g EX)

Crude extract 167.74 + 24.36 26.76 + 2.69

1-3- Evaluation of Antioxidant activity:

There are a number of in vitro and in vivo assay methods for evaluating antioxidant
properties of compounds. In the present study, DPPH radical scavenging assay, Hemolysis
assay and reducing power assay were carried out to assess the antioxidant potentials of the
extracts of Cistanche tinctoria.

1-4-1- DPPH scavenging assay:

In order to evaluate the antioxidant activity of C. tinctoria, we used the DPPH test
because it is one of the best-known, accurate and frequently employed methods for
evaluating antioxidant activity. In this study, Ascorbic acid (AA) was used as a standard

compound. (Figure 23).
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Figure (23): A linear calibration curve of Ascorbic acid (standard) in the DPPH radical
scavenging assay.

The following chart presents the DPPH radical scavenging capacity of all the extract
(Crude, Flavonoid and Tannin) and the positive control AA at concentration 10 pg/ml.
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Figure (24): Values of antioxidant activity of extracts of Cistanche tinctoria and standard
compound (AA) with C =10 pg/mi
At concentration 10 pg/ml, The results showed that the extracts and the standard
compound had a different DPPH radical scavenging activity, the Tannins extract marked a
high value (59.66%) and it was so close to the value marked by of Ascorbic acid (64.72%).
On the other hand, the other two extracts (crude extract and flavonoid extract) had recorded

low and convergent values (17.16% and 21.54%), respectively.
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The ICs value was determined from the plotted graph of scavenging activity against
various concentrations of extracts, which is defined as the efficient concentration of
antioxidant necessary to decrease the initial DPPH radical concentration by 50 % (Figure
25). The lowest ICs, indicates the strongest ability of the extracts to act as DPPH radical

scavengers

IC;,values go
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50
40
30
20
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extract extract
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Figure (25): The 1Cs values (DPPH- test) (ug/ml) of the extracts of C.tinctoria and the
standard compound (AA).

According to figure (25), out of all the extracts, Tannin extract showed the lowest
ICso (8.12 pg/ml), whereas Crude extract and Flavonoid extract showed low and

convergent values (22.52 pg/ml and 19.8 pg/ml), respectively.
Ascorbic acid showed the highest DPPH radical scavenging with 1Cso of 5.41 pg/ml..
1-4-2- Hemolysis assay:

In order to evaluate the antioxidant activity of extracts of Cistanche tinctoria, we used
the Hemolysis assay because it is one of the most easiest assays for this purpose, the

percentage of Hemolysis has been identified in the whole extracts (figure 26).
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Figure (26): A linear calibration curve of Ascorbic acid (standard) in Hemolysis assay.
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Figure (27): A linear calibration curve of Crude extract in Hemolysis assay
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Figure (28): A linear calibration curve of Flavonoid extract in Hemolysis assay.
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Figure (29): A linear calibration curve of Tannin extract in Hemolysis assay.

According to the results shown in figures 26, 27, 28 and 29, we noticed that there is
an inverse relation between the percentage of Hemolysis and the concentration of extracts,
which means, whenever the concentration of the extract get increased, the percentage of

hemolysis decreases.
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Figure (30): Rate of Hemolysis of the extracts of Cistanche tinctoria and Ascorbic acid with

C=1mg/mi

The figure (30) shows the percentage of hemolysis at concentration 1 mg/ml, according to the
results described in it, the Ascorbic acid got the lowest percentage of hemolysis (17.08%), while the
three extracts: crude, flavonoid and tannin extract had a convergent disintegration; their percentage
of hemolysis were: 33.49%s, 22.47 % and 43.71%, respectively.

1-4-3- Reducing power assay:

In the reducing power assay, the presence of reductants (antioxidants) in the fractions would
bring about reduction of ferricyanide complex (Fe**) to the ferrous form (Fe*) by giving away an
electron. Increasing the absorbance at 700 nm implies an increase in its ability to reduce, so the
purpose of reducing power assay is to evaluate the ability of Cistanche tinctoria extracts to reduce

Fe** to Fe?*. In this assay we used the Ascorbic acid as a reference standard.
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Figure (31): A linear calibration curve of Ascorbic acid in Reducing power assay.

Absobance 1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Crude Flavonoid Tannin AA
extract extract extract

Extracts

Figure (32): Column graph of reducing power assay of extracts and AA with
C=0.1mg/ml
Figure (33) shows that the tannin extract had the highest reducing power (for iron ions)
between the extracts of Cistanche tinctoria (Desf). Beck, with C = 0.1 mg/ml, and it showed

that the reducing power of all extracts increases with increase in concentration. These results

were calculated using the annex number 3.
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1-5-  High Performance Liquid Chromatography (HPLC):

HPLC is one of the most important technique used for analysis and separation of the
various phenolic compounds. The chromatogram of the methanolic extract (crude extract)
of C. tinctoria shows that it contains some phenolic compounds. (Figure 33, tables 06 and
07).
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Figure (33): Chromatogram of methanolic extract of C.tinctoria

Table (06): Some phenolic compounds of methanolic extract C.tinctoria

| Peak# Ret. Time Area Height Area % Height % |

1 0.175 11788 878 0.067 0.104
2 0.404 4366 400 0.025 0.047
3 2.530 64464 6902 0.365 0.818
4 2.688 80195 6846 0.454 0.811
5 3.017 61384 5974 0.347 0.708
6 3.128 27201 5135 0.154 0.608
7 3.283 299949 44455 1.697 5.266
8 3.875 2449 628 0.014 0.074
9 4.136 252514 42811 1.429 5.071
10 4.826 92381 3907 0.523 0.463
11 5.150 71207 2929 0.403 0.347
12 6.037 84382 1894 0.478 0.224
13 6.646 44219 1530 0.250 0.181
14 7.047 39648 1442 0.224 0.171
15 7.687 85387 1743 0.483 0.206
16 9.054 277223 7288 1.569 0.863
17 9.875 39889 1612 0.226 0.191
18 10.600 37778 1427 0.214 0.169
19 11.143 87140 3239 0.493 0.384
20 11.640 237241 11274 1.342 1.336
21 12.640 125909 3036 0.712 0.360
22 13.437 124803 2429 0.706 0.288
23 14.697 126121 2149 0.714 0.255
24 16.101 68710 1719 0.389 0.204
25 16.437 40214 1660 0.228 0.197
26 16.893 51947 1553 0.294 0.184
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27 17.657 33857 1406 0.192 0.167
28 17.986 48201 1451 0.273 0.172
29 18.673 44054 1441 0.249 0.171
30 19.103 44409 1435 0.251 0.170
31 20.128 181040 4663 1.024 0.552
32 21.126 59806 1373 0.338 0.163
33 21.782 41897 1378 0.237 0.163
34 22.133 25823 1251 0.146 0.148
35 22.658 24406 1070 0.138 0.127
36 23.476 83614 1339 0.473 0.159
37 24.621 65824 1446 0.372 0.171
38 25.327 85293 2551 0.483 0.302
39 25.700 56705 1970 0.321 0.233
40 26.273 29900 1394 0.169 0.165
41 27.167 137978 4037 0.781 0.478
42 27.717 87071 2473 0.493 0.293
43 28.539 66230 1649 0.375 0.195
44 29.611 1417592 50718 8.022 6.008
45 30.802 185524 4246 1.050 0.503
46 31.948 126522 3765 0.716 0.446
47 32.381 46246 2475 0.262 0.293
48 32.890 473758 29349 2.681 3.477
49 33.442 579151 19478 3.277 2.307
50 34.092 123829 5789 0.701 0.686
51 34.813 2660302 158839 15.054 18.816
52 36.010 481284 15059 2.723 1.784
53 36.958 150324 4289 0.851 0.508
54 37.876 2990284 111857 16.921 13.250
55 39.054 191115 6575 1.081 0.779
56 39.881 1081860 26106 6.122 3.093
57 41.293 172289 4640 0.975 0.550
58 41.965 773613 37546 4.378 4.448
59 42.618 218998 14749 1.239 1.747
60 42.857 506263 32158 2.865 3.809
61 43.187 298579 23233 1.690 2.752
62 43.476 103346 10857 0.585 1.286
63 43.609 61532 10419 0.348 1.234
64 43.773 158881 11173 0.899 1.324
65 43.977 42061 7688 0.238 0.911
66 44.095 145609 7971 0.824 0.944
67 44.624 79845 5118 0.452 0.606
68 44.812 104728 7488 0.593 0.887
69 45.339 304215 11376 1.721 1.348
70 45.884 484781 20385 2.743 2.415
71 46.528 123151 3059 0.697 0.362
72 47.917 31337 583 0.177 0.069
Total 17671638 844175 100.000 100.000

Based on the results of qualitative analysis of methanolic extract of C. tinctoria,
which obtained by HPLC method (High Performance Liquid Chromatography), we noticed
a few known phenolic compounds (2 compounds)

Table (07): Concentration of some known phenolic compounds of methanolic extract of

C.tinctoria

Compounds Concentration (ug /mg Ext)

Chlorogenic acid

1.152

Naringin
27.456
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According to table (07), there is a contrast between the concentration of the two
compounds: chlorogenic acid and naringin (1.152 pg/mg Ext and 27.456 pg/mg Ext),
respectively.
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2- Discussion:
2-1-  Extraction yield:

In the extraction process, the most important criterion to be evaluated is the extraction
yield (quantity in percentage). Based on the results shown in this study, there are
quantitative differences between Cistanche tinctoria extracts, this fluctuation in the

extraction yield could be explained by the reasons below:

v" Solvent characteristics: the characteristics that should be considered include the
type of solvent used and its polarity it is known that Ethyl acetate and
characterized by a weak polarization compared to Methanol, which explains the
low yield at the Ethyl acetate extract. (Lee et al., 2003),

v' The conditions of plant collection are among the factors affecting the extraction
yield, as well as the drying process and storage conditions of the plant. Also, the
type of extraction process (Maceration) and quantity of the solvent for the plant
material as well as the duration of the extraction process will determine the value of
the yield (Madi, 2010; 2015 «Jx=).

v It may be due to the exposure of the plant to the different stresses that play a role in
the change of its physiology, thereby changing the nature and quality of plant
compounds (Ibrahim et al., 2008).

v It may be due to the age of the plant at the time of study, because, the yield of
chemical compounds of perennial plants retracts with the increasing in plant life.

v It can also traced back to the geographical location and nature of the climate
prevailing in the plant growth and presence environment, which can determine the

quality and quantity of its compounds (Sideney et al., 2016).

2-2-  Total phenolic and flavonoid contents:

Phenolics and flavonoids are secondary plant metabolites that are ubiquitously
observed among the plant Cistanche tinctoria. The presence of such metabolites enhances
the level of antioxidant.

In the present study, the total phenolic content of crude extract of Cistanche tinctoria
was determined using the Folin-Ciocalteu method and the results obtained were 167.74 +
24.36 (mg GAE/g DM). Beside phenolic compounds, the biological effects of many plant

raw materials depend on flavonoids; therefore, studies of the variation in their content are
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important and relevant. This study determined the total flavonoid contents in the crude
extract of Cistanche tinctoria (flowers), which was 26.76 + 2.69 (mg QE/g DM). These
high results may be due of using methanol as a solvent, because methanol is the most
suitable solvent for the extraction of phenolic compounds due to its ability to inhibit the
reaction of polyphenols oxidase that cause the oxidation of phenolics and its ease of
evaporation as compared as water (Yao et al., 2004).

Actually, the total content of phenolics or flavonoids is controlled by many
parameters and conditions, one of them is the environmental factors in which plant grows
such as: the season and date of collecting, soil composition, climate, temperature, light,
humidity, salt and water stress (Hermans et al., 2006). Also, the quantity and quality of the
compound are greatly affected by the plant age and its stage of growth. Drying and
extraction methods have an effective role in the total contents of phenolic and flavonoid in
the extracts (Toledo et al., 2011).

The data on the patterns of variation in the total phenolic and flavonoid contents of
flowers of Cistanche tinctoria are scarce. Therefore, this study provides new knowledge

about total phenolic and flavonoid contents in Cistanche tinctoria.

2-3- Antioxidant activity:

In this study, three different assays were used to evaluate antioxidant activities of
Cistanche tinctoria (flowers). Each of them employs a different mechanism and reaction to
detect antioxidant compounds. We applied these three assays because there is no single
assay, which will accurately reflect all antioxidants and radical sources in such an intricate
system due to their complex composition (Nuutila et al., 2003), Prior et al (2005) also
assert that there is no simple universal antioxidant assay by which antioxidant capacity can

be measured accurately and quantitatively.

2-3-1- DPPH assay:

DPPH is stable nitrogen-centered free radical, it is largely used for evaluating
scavenging activity of antioxidant standards and plant extracts with a characteristic
absorbance at 517 nm, which decreases in the presence of free radical scavengers. By
accepting hydrogen from a corresponding donor, the DPPH turns from blue violet to light
yellow in color. Lighter color indicates a better antioxidant ability. This scavenging activity
has been widely used as a quick and reliable parameter to evaluate the general in vitro

antioxidant activity of plant extracts (Chen et al., 2018).
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Based on the results obtained, there is a fluctuation in the scavenging activity
between the extracts, Tannin extract exhibited the highest inhibition of DPPH radical
scavenging activity as compared to other extracts. However, all the extracts were
considered as having low scavenging activity if compared to the standard "ascorbic acid".

We know that "The low ICsq value indicates the greater radical scavenging activity
under the same testing conditions” (Johari and Khong, 2019); so, according to the results
we had, we could say that the percentage of DPPH scavenging activity of the extracts is
lower than the one of the positive control (Ascorbic acid), these results don’t support the
ones obtained by Ould Saadi (2016), who found that the Ethyl acetate extract was the most
potent in terms of 1Cs values of DPPH scavenging activity when it compared to the two
standard compounds: BHT and Ascorbic acid.

The fluctuation in the scavenging activity between the extracts could be because the
structure and kind of phenolic compounds and their concentration in the tested samples.The
content of polyphenols is one the main reasons of the antioxidant activity of the plant,
because the recent studies showed that these compounds possess powerful antioxidant
activity due to the hydroxyl groups in the aromatic ring (Debouba et al., 2012; Diplock,
1997), also the content of flavonoids had and effect on it, according to the research
conducted by Zheng et al (2010) about the inhibition effect of 13 flavonoids on DPPH
radical, they found that the hydroxyl groups and their situation have a big role in the
inhibition effect, due to their ability of giving the hydrogen, and contain of double bond
between the two carbon atoms (C, and C3) (Javanmardi et al., 2003; Cai et al., 2004)

Ascorbic acid was used as a positive standard in this assay due to doubts
concerning the direct determination of DPPH obtained from calibration curve (Molyneux.,
2004). Moreover, Ascorbic acid has already proven as a good antioxidant and radical
scavenger. Previous research by Brand-Williams et al (1995), Kim et al (2002) and Truong

et al (2019), also used ascorbic acid as standard for DPPH radical scavenging assay.

2-3-2- Hemolysis assay:

Hemolysis assay is one of the easiest methods used for evaluating antioxidant
activity, in this assay, the red blood cells were selected as the study model of interactions
between oxidants and antioxidants because they are characterized by a membrane rich in
unsaturated fatty acids, which are so sensitive to free radicals, thus oxidizing them and they
are also responsible for oxygen transport to the hemoglobin molecules (Cooper, 1991;
Aibirami et al., 2014).
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In general, oxidative stress causes lipid oxidation of red blood cell membranes, so
causing dysfunction for them by influencing their fluidity and the functions of receptors in
membranes, these imbalances are the cause of RBCs decomposition (Dolci and Panteghini,
2014).

In this study, the ability of red blood cells to resist free radicals in the extracts had
been tracked by spectrophotometry. The results obtained showed that there is a fluctuation
between them, but it was a big one compared to the standard compound which is Ascorbic
acid. Actually, this result supports the one obtained when we applied the DPPH assay that
the plant has a weak antioxidant activity in comparison with the one of Ascorbic acid, this
activity of plant might be due to its phenolic compounds, because they raise the possibility
of protecting biofilms by preventing them from oxidation by free radicals, which means
they are antioxidant agents which can act as free radicals terminators (Judith, 2005;
Kalaivani et al., 2011).

2-3-3- Reducing power assay:

Reducing power is linked with the antioxidant potential of a compound so it may
serve as a good indicator of antioxidant activity. In this assay, the yellow color of the test
solution changes to various shades of green and blue, depending on the reducing power of
extract (Makni et al., 2018).

The presence of reducers in sample causes the reduction of the Fe** to Fe®*. Thus, the
higher the reducer concentration, the higher amount of Fe?* which becomes evident with
high absorbance of the sample. These reducers show their antioxidant action by breaking
the free radical chain by donating a hydrogen atom and also react with certain precursors of
peroxide, which in turn prevents peroxide formation (Makni et al., 2018; Benzie and Strain,
1999; Lahmar et al., 2017).

Some earlier workers have observed a direct correlation between antioxidant activity
and reducing power of certain plant extracts (Guo et al., 2011). In the present study also,
reducing power of all extracts increases with increase in concentration which is in close
correlation with its observed antioxidant activity. Thus, these reducers must be responsible
for the antioxidant property of extracts (Kemewele Saague et al., 2019).

This assay further confirmed the antioxidant properties of the extracts observed from
the DPPH assay. The correlation between reducing power and DPPH values could be due

to the same mechanism on which these methods rely (Jothy et al., 2012).
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Chapter I1: Results & Discussion

1-4-  High Performance Liquid Chromatography (HPLC):

In this study, the chemical composition of Cistanche tinctoria was analyzed using
an HPLC system with detection at 268 nm. Based on the results obtained by this test which
was applied on the crude extract of Cistanche tinctoria, we figure out two kinds of
phenolic compounds: Chlorogenic acid and Naringin.

According to Gil and Wianowska (2017), chlorogenic acid is an ester formed from
cinnamic acids and quinic acid and is also known as 5-O-caffeoylquinic acid (5-CQA), it
exhibits many biological properties, including antibacterial, antioxidant and anticarcinognic
activities (Sanatana-Galves et al., 2017), while Naringin is a predominant flavanone
glycoside (flavonoid) found in many plants, it has been reported to show various properties
such as antioxidant and antimicrobial activities (Sivanesan et al., 2019).

Both of these compounds have health benefits, for example, in the case of
Chlorogenic acid, these health benefits are a result of CGA donating hydrogen atoms to
reduce free radicals and to inhibit oxidation reactions (Liang and D.kitts, 2015)..
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Conclusion

Conclusion

In the recent years, there has been increasing interest in the valuation of wild plants,
especially local ones, and their exploitation in several domains according to their
compounds. So we conducted this phytochemical study which aims to valuing a one of the
desert plants which is Cistanche tinctoria that grows in our local environment: Oued-souf
region (located in the south-east of Algeria).

In this work we have prepared three extracts (Crude, flavonoid and tannin extract)
using the Maceration method, accordingly we could estimate the extraction yield, where the
highest value was recorded by the crude extract.

In order to determinate the total phenolic and flavonoid contents of the crude extract,
we used the Folin-Ciocalteu and AICIl; as reagents, respectively. The results were by
167.74 £ 24.36 mg EAG/g Extract, 26.76 + 2.69 mg EQu/g Extract.

For determinate the antioxidant activity we applied three assays, the first one was
DPPH radical scavenging assay, which has become one of the most frequently used
methods for evaluating the antioxidant capacity and it's based on determining the 1Cs
value, which is the total necessary to decrease the initial DPPH radical by 50%, the results
of this assay showed that that tannin extract had the best inertial capacity than the other
extracts with 1Cso= 8.12 ug/ml, followed by the crude extract and flavonoid extract with
ICs0= 22.52 pg/ml and 19.8 pg/ml, respectively. The second was Hemolysis test, this test
is applied to determine the ability of the plant extracts to protect the erythrocyte blood cells
from damage or disruption of the cell membrane after exposing them to oxidative stress and
free radicals by measuring the percentage of dissolved erythrocytes and its results showed
that the Flavonoid extract got the lowest disintegration (22.47%) between the extracts,
whereas crude and tannin extract were recorded: 33.49% and 43.71%, respectively. These
tow assays were followed by a third one which id Reducing power assay, where the results
obtained showed showed that the tannin extract had the highest reducing power between

the extracts of Cistanche tinctoria (Desf). Beck.

Also, we knew some of phenolic compounds of methanolic extract of Cistanche
tinctoria (Desf). Beck. (Flowers) using HPLC method that showed differences of

concentrations and types of these phenolic compounds.
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Conclusion

Finally, Cistanche tinctoria is one of the plants that has a few studies about it, so, we
hope that the further studies will focus on detecting the compounds of other extracts of this
plant and try to apply other experiences on other parts of it.

60






References

¢ English/ French references:

1.

10.

ABEDINI A., 2014- Evaluation biologique et phytochimique des substances
naturelles d'Hyptis atrorubens Poit. (Lamiaceae), sélectionnée par un criblage
d'extraits de 42 plantes. Thése de doctorat, Université Lille nord de France, P: 201.
ABEROUMAND A. & DEOKULE S. S., 2008 — Compaison of phenolic
compounds of some edible plants of Iran and Inadia. Pakistan Journal of Nutrition, 7
(4). P:: 583.

ABIRAMI A., GUNASEKARAN N., & PERUMAL S., 2014- In vitro
antioxidant, anti-diabetic, cholinesterase and tyrosine inhibitory potential of fresh
juice from Citrus hystrix and C. Maxima fruits. Food Science and Human Wellness,
(03). P: 18-22.

ATHAMENA S., 2009 - Etude quantitative flavonoides des grains de Cuminum
cyminum et les feuilles de Rosmarinus officinalis et I'évaluation de [lactivité
biologique .Mémoire présenté pour l'obtention du diplome de Magister. Université
El-Hadj Lakhder Batna. P: 126.

ATTA M. E, MOHAMED N. H & ABDELGAWAD A. A. M.,2017 -
Antioxidants: An Overview on The Natural and synthetic Types. European Chemical
Bulletin. 6(8), P: 371.

BALASUMDRAM N., SUNDRAM K & SAMMAN S., 2006 - Phenolic
compounds in plants and agri-industrial by-products: Antioxidant activity
occurrence and potential uses. Food Chemistry, v (99), p: 191-203.

BARKAT A. KH., AKHTAR R., AKHTAR N & GHULAM M., 2012 — Human
Skin, aging and antioxidants. Journal of Medicinal Plants. Vol6(1) p: 1-2.
BINGHUA t., SHENGJI L., WENJUN C& XINGHUAI S., 2019 — The
Association of Oxidative Stress Status with Open-Angle Glaucoma and Exfoliation
Glaucoma: A Systematic Review and Meta-Analysis. Hindwai. Journal of
Ophthalmology. P:2-3.

BELKACEM S., 2009- Investigation de la phase n-butanol de [l'extrait
hydroalcoolique des parties aériennes de Centaurea parviflora (Compositea).
Mémoire de Magister, Université Mentouri, Constantine, P: 55.

BELLEBCIR L., 2008 - Etude des composés phénoliques en tant que marqueurs de
biodiversité chez les céréales. Mémoire de magister, Université Mentouri,
Constantine, P: 85.

62



References

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

BENHAMMOU N., 2012 - Activité antioxydante des extraits des composés
phénoliques de dix plantes médicinales de I'ouest et de sud —ouest algérien .These
doctorat. UniversiteAboubakrBelkaid. Tlemcen . P: 174.

BENZIE I. F & STRAIN J. J., 1999 - Ferric reducing/antioxidant power assay:
Direct measure of total antioxidant activity of biological fluids and modified version
for simultaneous measurement of total antioxidant power and ascorbic acid
concentration. Methods in Enzymology, 299, P: 15-2

BEKKARA F; Jay, M; Viricel, M.R. (1998). Distribution of phenolic compounds
within seed and seedlings of tow Vicia faba vs differing in their seedtannin content,
and study of their seed and root phenolic exudation, Journal Plant and Soil, 203. P:
27-36.

BOUDJOUREF M., BELHATTAB R & BOUTEGHRINE S., 2014 -
Antioxidant Activity and Phenolic Content of Artemisia Campestris from Two
Regions of Algeria. World Journal of Envirnomental Biosciences. V 7, Issue 2, P
61-62.

BOUKRI N H ., 2014 - Contribution a I'¢tude phytochimique des extrais bruts des
épices contenus dans le melange Ras-el-hanout .Theme Master Académique
.Université KasdiMerbah Ouargla. P: 99..

BOUCHOUKA E., 2016 - Extraction des polyphénols et étude des activités
antioxydante et antibactérienne de quelques plantes Sahariennes. Théese de doctorat,
Université BADJI MOKHTAR — ANNABA .ALGERIA. P: 49,

BOUMENDJEL A., 2007- Biochimie appliquée. Annaba, P: 159.

BOUZITOUNA A., OUALI KH & DJEDDI S., 2015 — Protective Effects of
Cistanche tinctoria Aqueous Extract on Blood Glucose and Antioxdant Defense
System of Pancreatic B-cells in Experimental Diabetes in Rats. International Journal
of Pharmacology Sciences. Rev. Res. 32(2). P: 243.

BRAND-WILLIAMS W., CUVELIER M.E., BERSET C., 1995- Use of a free
radical method to evaluate antioxidant activity. LWT., (28). P: 25-30.
BRUSSELMANS K., VROLIX R., VERHOEVEN G., SWINNEN JV., 2005 -
Induction of cancer cell apoptosis by flavonoids in associated with their ability to
inhibit fatty acid synthase activity. Journal of Biological Chemistry. 280., p:5636-
5645.

BRUNETON J., 1999- Pharmacognosie, phytochimie et plantesmédicinales. La
Voisier TEC et DOC, Paris. 5éme édition. P: 250.

63



References

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

CAIl Y. LUO Q. SUN M. &CORKE H., 2004- Antioxidant activity and phenolic
compounds of 112 traditional Chinese medicinal plants associated with anticancer.
Life science, published by Elsevier In., 74: 2176.

CAN A C. & Frei B., 1999 - Toward a new recommended dietary allowance and for
vitamin C based on antioxidant and health effects in human, the American of
chemical Nutrition. 69 (6).P:1086-1107.

CAROCHO & FERREIRA 1., 2013- The Role of Phenolic compounds in the Fight
against Cancer — A review. Anti-Cancer Agents in Medicinal Chemistry. Braganca —
Portugal. 13 (8): 1236 — 1237.

CIDNY V., 2013 - Cartographie génétique de composés phénoliques de la pomme.
These de doctorat, Université d'Angers, Frangais. P: 207.

CHANFORAN C., 2010- Stabilité de microconstituants de la tomate (Composes
phénoliques, caroténoides, vitamines C et E) au cours des procédés de
transformation: études en systemes modeles, mise au point d'un modele stoechio —
cinétique et validation pour I'étape unitaire de préparation de sauce tomate. These de
doctorat, Université d'Avignon, p: 388.

CHAVAN U. D., 2018 — Phenolic: Antioxidants and Health Benefits. India. P: 133.
CHEN J & HSIAO S., 2011 — Study on seed morphogenesis of Orobanchaceae in
Taiwan. Taiwania. 56 (4). P 267-268.

CHEN Y., HUANG J,, LIN Y., LIN I, LU Y, LIU L & WANG H. D., 2018 —
Antioxidative and Antimelanoma Effects of Various Tea Extracts via a Green
extraction Method. Hindwai. Journal of food quality. P: 2-3

CHOUIKH A, ALIA F., NEFFAR S., REBIAI A., ADJAL E & A CHEFROUR
A., 2018 - Evaluation of phenolic contents (quantitative and qualitative) and
antioxidant activities in different physiological phases of Genista saharae Coss. &
Dur. growing in the Sahara of Algeria. Analele Universitatii din Oradea, Fascicula
Biologie. 25(2): 115-121.

CHUNG-YUNG H., CHIA-HUNG K., CHIEN-HUI W., AI-WEI K., HUI-RU
G., YU-HUA L & PO-KAI W. 2018 - Free Rdicals-Scavenging, Anti-
Inflammatory, and Antibaterial Activities of Water and Ethanol Extracts Prepared
from Compressiomal-Puffing Pretreates Mango (Mangifera indica L.) Peels.
Hindwai. Journal of Food Quality. Volume 2018. P: 1-2.

COOPER G., 1991 — La cellule une approche moléculaire. Narnark Université, le
Edition. P: 674.

64



References

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

COOPER R. & NICOLA G., 2015- Natural products chemistry (Sources,
Separations and Structures). CRC Press Taylor & Francis Group an informa
business., p:176.

CRITCHFIELD JW., BUTERA ST., FOLKS TM., 1996 - Inhibition of HIV
activation in latently infected cells by flavonoid compounds. AIDS Res Hum
Retroviruses, 12., p: 39-46.

DEBOUBA M. BALTI R. HWIWI S. ZOUARI S., 2012 - Antioxidant capacity
and total phenols richness of Cistanche violacea hosting Zygophyllum album.
International Journal of Phytomedicine.4(3): 399-402.

DIPLOCK A.T., 1997- Will the ‘good fairies’ please proves to us that Vitamin E
lessens human degenerative of diseases?. Free Radical Research, 27. P: 511-32.
DIXON R.A. & PAIVA N.L., 1995 - Stress induce phenyl propanoid metabolism.
Plant cell 7, 1085-1097.

DOLCI A. & PANTEGHINI M., 2014- Harmoniztion of automated hemolysis
index assessment and use: Is it possible?. Clinlca Chimica Asta, 432: 38

DUTHIE CG. DUTHIE SJ. KYLE JA. 2000 - Plant polyphenols in cancer and
heart diseases: Implications as nutritional antioxidants. Nutrition Research Reviews.
(13). P: 79-106.

KUMAR SH & K. PANDEY A., 2013 — Chemistry and biological activities of
flavonoids: An Overview. Hindwai. The science World Journal. P: 4.

EDEOGA H. O., OKWUD. E & MBAEBIE B. O. 2005 - Phytochemical
constituents of some Nigerian medicinal plants. African Journal of Biotechnology, 4.
P: 685-688.

EWAE C A., 2012- Etude de la composante physiologique impliquée dans le
développement des pourritures de couronne de bananes et réle des composés
phénoliques dans les mécanismes de variation sensibilité. Theése de doctorat,
Université de Liege, Belgique. P: 112.

FAIVAIER A., 2003- Le stress oxydant.intéret conceptuel et expérimental dans la
comprehention des mécanismes des maladies et potentiel thérapeutique. Mécanisme
biochimique .P: 108-115.

FRUTOS P. HERVAS G. GIRALDEZ F J, MANTECON AR., (2004) - A
Review. Tannins and ruminant nutrition .SPAN J AGRIC RES .2(2). P:191-202.
GAIKWAD S. A, KAMBLE G. S.,, DEVARE S., R.DESHPANDE N &
P.SALVEKA J - 2011 — In vitro evaluation of free radicals scavenging potential of

65



References

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Cassia auriculata L. Journal of Chemistry and Pharmacology Researchs, 3(4). P:
766-768.

GIL M & WIANOWSKA D., 2017 - Chlorogenic acids- their properties,
occurrence and analysis. Maria Curie-Sklodowsku University. Lublin. Polonia P:
61.62.

GODWILL A. E., 2018 - Phytochemicals — Source of antioxidants and role in
diseases prevention. Chapter 5: Free radicals and the role of plant phytochemicals as
antioxidants against oxidative stress-related diseases. P: 49-50-52-53-54.

GUO T., WEI L., SUN J, HOU C & FAN L., 2011 — Antioxidant activities of
extract and fractions from Tuber indicum Cooke & Massee. Food Chemistry. V 127,
no 4. P: 1634-1640.

GUL M., KULU I.,, PEKSEL A & OCAL N., 2013 - Evaluation of the
Antioxidative Properties of N-Acylamino-Substituted Tricyclic Imides. Hindwai.
Journal of Chemistry. P: 1-2.

HAMMAR K. A, CARSON C. F & Riley T. V., 1999 - Antimicrobial activity of
essential oils and other plant extracts. Journal of Applied Microbiology, 86. P: 985-
990.

HASLAM E., 1989 — Plant polyphenols — Vegetable Tannins Revisited-. Chemistry
and Pharmacology of Natural Products. Cambridge University Press, P: 09.
HARBONE J., 1973- Phytochemistry Litton educational publishing ine. Ed.
lawrenc p, London, P: 334.

HARBONE J & WILLIAMS C., 2000 - Advances in flavonoid research since
1992. Phytochemistry, 55 (6). P: 481-504.

HARKAT H., 2008 - Hétérocycles oxygénés et composés acompsés aromatiques de
Frankenia thymifolia Desf.: formation d’hétérocycles oxygénés et isolement de
substances naturelles. Thése de doctorat.Université EI Hadj Lakhder Batna. P: 222.
HERMANS C., HAMMOND J. P., WHITE P. J & VERBUGGEN N., 2006 —
How do plants respond to a nutrient shortage by biomass allocation ?. Trends in
Plant Science. 11 (2). P:600.

IBRAHIMI N. S., HADIAN J., MIRJALILI M. H., SONBOLI A &
YOUSEFZADI M., 2008- Essential oil composition and antibacterial activity of
Thymus caramanicus at different phonological stages. Journal of Food Elsevier
Chemistry, 110: 929

66



References

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

IRSHAD MD., ZAFARYAB MD., SINGH M &ARIZI M. M., 2012 -
Comparative analysis of the Antioxidant Activity of Cassia fistula Extracts.
Hindwai. International Journal of Medicinal Chemistry. P:02.

JANUEL C., 2003 - Stress oxydant au niveau des plaquette sanguines humaines
pours le contexte on peroxydas, Mémoire doctorat, Univrsite lyon. P: 41-50.
JAVANMARDI J., STUSHNOFF C., LOCKE E & VIVANCO J. M., 2003 -
Antioxidant activity and totol phenolic content of Iranian Ocimum accessions. Food
Chemistry, 83. P: 549.

JIRI D., ONDREJ Z., JIRI S., BRANISLAV R. N., PETR B., MIROSLAVA
B., JINDRICH K., JAROMIR H., BORIVOJ K., RENE K., & VOJTECH A,
2013- Electrochemical tools for determination of phenolic compounds in plants. Int.
J. Electrochem. Sci., (8). P: 4521 - 4528.

JINGJING L., BROSSE N., PIZZI A & HOPPE S., 2019 — Dynamically Cross-
Linked Tannin as a Reinforcement of Polypropylene and UV Protection Properties.
Polymers. P: 1-2.

JOHARI M. A & KHONG H. Y., 2019 — Total phenolic content and antioxidant
and antibacterial activities of Pereskia bleo. Hindwai. Advances in Pharmacological
Sciences. P: 2-3.

JOTHY S. L., AZIZ A., CHEN Y & SASIDHARAN S., 2012 — Antioxidant
activity and hepatoprotective potential of Polyalthia longifolia and Cassia
spectabilis leaves against paracetamol-induced liver injury. Hindwai. Evidence-
Based Complementary and Alternative. P: 7-8-9.

JUAN MARIA D. C., CLAUDIO C., LEANDRO M. R., NATALIA D. P. V,,
DARIO C., MARISA D. F & MIYAKWA M. E. F., 2017 — Impact of Chestnut
and Querbracho Tannins on Rumen Microbiota of Bovines. Hindawi. BioMed
Research International. Research Article. Volume 2017. P: 1-2.

JUDITH M. D., 2005- Etude phytochimique et pharmacologique de Cassia
nigricans Vahl. (Caesalpinpaceae) utilisée dans le traitement des dermatose au
Tchad. Université de Bamako, Mali, These pour obtenir le grade de docteur. P:212.
KANOUN K.,2010 -Contribution a I'étude phytochimique et activité antioxydante
des extrais de Myrtuscommunis L (Rayhane) de la région de Tlemcen
(Honaine).Mémoire en vue de l'obtention du dipldme demagister Université
Aboubakr Belkaid. Tlemcen. P: 86.

67



References

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

KALAIVANI T. RAJASEKARAN C. & MATHEW L., 2011- Free radical
scavenging, cytotoxic, and hemolytic activities of active antioxidant compound ethyl
gallate from leaves of Acacia nilotica (L.) Wild. Ex. Delile Subsp. Indica (benth.)
Brenan. Journal of Food Science, 76 (6). P: 148

KARAMALI KH & TEUNIS V. R, 2001 - Tannins: Classification and
Definition. The Royal Society of chemistry. 18. P: 641-642-643.

KOHEN R & NYSKA A., 2002 - Oxidation of biological systems: Oxidative
stress phenomena, anti- oxidants, redox reactions, and methods for their
quantification. Toxicologic Pathology. 30(6). P: 620-650.

KEMEWELE SAAGUE P. W., MOUKETTE B. M., NJIMOU J. R., NYA
BIAPA P. C., TANKEU F. N., AMA MOOR V. J., PIEME C. A & NGOGANG
J. Y., 2019 — Phenolic compounds from water-ethanol extracts of Tetrapleura
tetraptera produced in Cameroon, as potential protectors against In Vivo CCLy-
Induced liver injuries. Hindwai. The scientific Worl Journal. P: 02.

KIM J. K., NOH J. H,, LEE S., CHOI J. S., SUH H., CHUNG., 2002 - The first
total synthesis of 2,3,6-tribromo-4,5-dihydroxybenzyl methyl ether (TDB) and its
antioxidant activity. Bulletin of Korean Chemical.Society, 23(5),. P: 661-662.
KOSHISHI. 1., 2009 - Lipide derived radical in lipoxygenase reaction sekagab, 81.
P: 793-797.

LAHMAR I., BELGHITH H., BEN ABDALLAH F & BELGHITH K., 2017 -
Hindwai. BioMed Research International. P : 6-7-8.

LAKHDARI W., DEHLIZ A, ACHEUK F., MILK R., HAMMI H,
DOUMANDJI-MITICHE B., CHERIANI S., BERREKIA M., GUERMIT K &
CHERGUI S., 2016 — Enthobotanical study of some plant used in traditional
medecines in the rigion of Oued Righ (Algerian sahara). Journal of Medicinal Plants
studies. 4(2). P:206.

LEE K. W. KIM Y. J. & LEE C. Y., 2003- Cocao has more phenolic
phytochemicals and a higher antioxidant capacity than teas and red zine. Journal of
Food Elsevier Chemistry, 51. P: 7293.

L1 J. ZAHO W. LI J. XIA W. LEI L. & ZAHO S., 2014- Research methods to
study plant secondary metabolic pathways and their application in the analysis of
biosynthetic of stilbenes from Polyonum multiflorm — A review. Plant Omics
Journal., 7 (3). P: 158.

68



References

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

LI X., FANG P., NAI J., CHOI E. T., WANG H& YANG X., 2013 — Trageting
Mitochondiral Reactive Oxygen Species as Novel Therapy for Inflammatory
Diseases and Cancers. Journal of Hematology & Oncology. 6. P:19.

LOIC L., 2011- Effet protecteur des polyphénoles de la verveine odorante dans un
modéle d'inflammation colique chez le rat. These de doctorat, Université d'Auvergne
— Clermont — Ferrand I, P: 263.

MADI A., 2010- Caractérisation et comparaison du contenu polyphénolique de deux
medicinales (Thym et Sauge) et la mise en évvidence de leurs activités biologiques.
Mémoire de Magister, Université Mentouri, Constantine, P: 55-78.

MAKSYME M., 2014- High density stress response in plants and the role of
anthocyanin biosynthesis under adverse environmental conditions. These of
doctorate, University of Guelph — Canada. P: 112.

MAKNI M., JEMAI R., KRIAA W., CHTOUROU Y & FETOUI H., 2018 -
Citrus limon fron Tunisia: Phytochmical and Physiocochemical properties and
biological activities. Hindwai. BioMed Research International. P:7-8-9.

MERAL A., TUNCEL P., SURMEN-GUR E., OZBEK R., OZTURK E &
GUNAY U., 2000 — Lipid Peroxidation and Antioxidant status in p-Thalassemia.
Pediatric Hematology and Oncology. 17 (8). P: 687-693.

MARFAK A., 2003- Radiolyse gamma des flavonoides, Etude de leur reactivite
avec les radicaux issus des alcools: formation de depsides. thése de Doctorat,
Université de LIMOGES, biophysique. P: 187.

MARKHAM K.R., 1982- Technics of flavonoids identification. Academic Press
(London); Chap.1 et 2. P: 1-113

MICHALAK A., 2006- Phenlic compounds and their antioxidant activity in plants
growing under heavy metal stress. Journal of Environ. Stud. 15 (4). P: 526.
MISHRA A. K., MISHRA A., KEHRI H. K., SHRMA B & PANDEY A. K,
2009 — Inhibitory activity of Indian spice plant Cinnamomun zeylanicum extracts
against Alternaria solani and Curvularia lunata, the pathogenic dematiaceous
moulds. Annals of Clinical Microbiology and Antimicrobials, v (8), article 9.
MORALS-GONZALEZ J. A.,, TELLEZ LOPEZ A. M & ESQUIVEL-SOTO J.,
2012 — The protective Effect of Antioxidants in Alcohol Liver Damage. Liver
Regeneration. P:100-101.

MONOWAR T., RAHMAN MD. S, J. BHOR S, RAJU G &
V.SATHASIVAM K., 2019 — Secondary Metabolites Profiling of Acinetobacter

69



References

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

baumannii Associated with Chili (Capsicum annuum L.) Leaves and Concentration
Dependent Antioxidant and Prooxidant Properties. Hindwai. BioMed Research
International. P: 1-2.

MOZOS 1., STOIAN S & LUCA C. T., 2017 — Crosstalk between Vitamins a,
B12, D, K, C, and E Status and Arterial Stiffness. Hindwai. Disease Markers. P: 1-2-
3.

MUDANA N., 2010- Identification de polyphénols, évaluation de leur activité
antioxydante et étude de leurs propriétés biologiques. Thése de doctorat, Université
de Paul Verlaine — Matz. P:238.

MUHAMMAD A. A, MOHD J. M., ISMAIL Y., KARAMAT M & ABDUL W.,
2011 - Study of antioxidant potential of tropical fruit. International Journal of
Bioscience, Biochemistry and Bioinformatics, 1 (1). P:53.

NCUBE B. & STADEN J. V., 2015 — Tilting plant metabolism for biosynthesis and
enhanced human benefit. Molecules, (20). P: 12701.

NIJVELDT R . J.,, NOOD E. V., EC VAN HOORN D., BOOELENS P. G,
NORREN K. V., 2001 - Leeuwen pav. Flavonoids: a review of probable
mechanisms of action and potentiel applicatins. Am. J. Clin. Nutr. 74. P: 418-425
NISHIZUKA Y., 1988 — The molecular heterogeneity of protein kinase C and its
implications for cellular regulation. Nature, v (334), no 6184. P: 661-664.
NUUTILA A. M., PUUPPONEN-PIMIA R., AARNI, M., & OKSMAN-
CALDENTEYK. M., 2003 - Comparison of antioxidant activities of onion and
garlic extracts by inhibition of lipid peroxidation and radical scavenging activity.
Food Chemistry, 81. P: 485-493.

OULD SAADI EL. H., 2016 - Contribution a I’évaluation de 1’activité antioxydante
inter- saisonniére des extraits bruts d'une plante endémique et de I'effet hémolytique
de l'extrait optimal. Thése de Master. Université M hamed Bougara de Boumerdas.
Algeria. P: 3-4-5.

OZCAN A & OGUN M., 2014 — Basic Principles and Clinical Significance of
Oxidatice Stress. Chapter 3: Biochemistry of Reactive Oxygen and Nitrogen
Species. P: 37.38-39.

OZENDA P., 1977 - FLORE DU SAHARA. Ed. CNRS, Paris. P: 388.

OZENDA P & CAPDEPON M., 1977 — Recherches sur les Phanérogames
parasites V. Sur quelques particularités anatomiques du genre Cistanche
(Orobanchacées). Bull. Soc. Bol. Fr., 124. P:452-453-455.

70



References

100. PANDEY A. K ., MISHRA A. K ., STRAIN J. J & TOMLINSON B., 2012 -
Antifungal and antioxidative potential of oil and extracts derived from leaves of
Indian spice plant Cinnamomum tamala. Cellular and Molecular biology, v(58).
P:142-147.

101. PIWOWARCZYK R & MEDEJA J., 2014 — Pollen morphology of the Central
European broomrapes (Orobanchaceae: Orobanche, Phelipanche and Orobanchella)
and its taxonomical implications. Plant Syst evol. 301. P: 79

102. PRADEEP K., KESHAB C & BIKAS R., 2006 - Production of tannase through
submerged fermentation of tannin-containing plant extracts by Bacillus
licheniformis. Polish Journal of Microbiology, 55 (4). P: 297

103. PRIOR R. L., WU X. L & SCHAICH K.,2005 - Standardized methods for the
determination of antioxidant capacity and phenolics in foods and dietary
supplements. Journal of Agricultural and Food Chemistry, 53(10). P: 4290-4302.

104. QUEZEL P. ET SENTA S., 1963 - Nouvelle flore de I’algerie et des régions
désertique méridinales. 2 tomes, CNRS, Paris, P:854.

105. RAHMANI M., HAMEL L., TOUMI-BENALI F., DIF M. M., MOUMEN F &
RAHMANI H., 2018 - Deermination of antioxidant activity, phenolic
quantification of four varieties of fenugreek Trigonella foenum graecum L. Seed
extract cultured in west Algeria. Journal of Materials and Environmental Sciences. V
9, Issue 6, P:1658-1659.

106. RAMDAN M. F., HENFAWY H. T. H.,, GOMAA A. M., 2010 — Bioactive lipids
and fatty acids profile of Cistanche phelypaea . Journal of Consumer Protection and
Food Safety. (6). P: 333-334.

107. RATHEE P., RATHEE S., CHAUDHARY H & RATHEE D., 2009 -
Mechanism of Action of Flavonoids as Anti-inflammatory agents: A Reviw.
Inflammation & allergy — Drug Targets. 8. P: 230-232.

108. RENATA S. HELENA S. ANNA V. LENKA B. JOSEF E. & MILENA C,,
2006- Transgenic ipt tobacco overproducing cytokinins overaccumulates phenolic
compounds during in vitro growth. Plant Physiology and Biochemistry, (44): 527.

109. RICE E.L., 1984 - Allelopathy 2 ND Edution, Academic press, New York p: 422,

110. RIZWAN A., 2018 — Free Radicals, Antioxidants and Diseases. Introductory
Chapter: Basics of Free Radicals and Antioxidants. P: 1-2-3.

111. SANTANA-GALVES J., CISNEROS-ZEVALLOS L & JACOBO-
VELAZQUES A., 2017 — chlorogenic Acid: Recent Advances on its Dual Role as a

71



References

Food Additive and a Nutraceutical against Metabolic Syndrome. Molecules. 22, 358.
P:1-2.

112. SERRANO Fand KLANN E., 2004 - Reactive oxygen species and synaptic
plasticity in the aging hippocampus. Ageing Res. Rev. 3. P: 431-443.

113. SAXENA M. SAXENA J. & PRADHAN A., 2012- Flavonoids and phenolic acids
as antioxidants in plants and human health. Int. J. Pharm. Sci. Rev. Res., 16 (2). P:
132.

114. SHALINI K. M & SIVAKUMAR J. TH. G., 2015 - Basic Principles and Clinical
Significance of Oxidatice Stress. Chapter 4: Members of Antioxidants Machinery
and Their Functions. P:61-62.

115.SHILINA N., 2009 - Mécanismes of the antioxidants défense in children.vol (78),
P:11-17.

116. SIDENEY B. O., DIRCEU A., AMARILDO A. T., & ALESSANDRA B. T.,
2016- Total phenolic, flavonoid content and antioxidant activity of Vitex
megapotamic (Spreg.) Moldenke. Ciencia Natura, 38 (3. P: 1199 — 1200.

117. SILBERSTEIN T., HAMOU B., CERVIL SH., BARAK T., BURG A &
SAPHIER O., 2019 - Colostrum of Preeclamptic Women Has a High Level of
Polyphenols and Better Resistance to Oxidative Stress in Comparison to That of The
Healthy Women. Hindwai. Oxidative Medicine and Cellular Longevity. P: 1-2.

118. SINGHAL M., PAUL A, SINGH H. P.,DUBEY S. K & GAUR. K., 2011 -
Evaluation of Reducing Power Assay of Chalcone Semicarbanzones. Journal of
Chemistry and Pharmacology. 3(3), P: 642.

119.SIVANESAN R. K., ELVY SUHANA M. R., NURUL ALIMAH A.N., NAFEEZ
HJ M. | & AZLINA M. F., 2019 - Preventive effect of naringin on metabolic
syndrome and its mechanism of action: A systematic revieq. Hindwai. Evidence-
Based Complementary and Alternative. P: 2-3.

120. SPEISKY H., 1994 - Boldo and boldine: an emerging case of natural drug
developement, pharmacol, P: 12-99.

121. SULTAN S., 2014 — Reviewing the Protective Role of Antioxidants in Oxidative
Stress Caused by Free Radicals. Asian Pac. J. Health Sci; (14). P: 401-403.

122. TAYLOR L. P & GROTEMOLD E., 2005 - Flavonoids as development
regulators. Current Opinion in Plant Biology, v(8), n 3, p: 317 — 323.

123. THIERET J. W., 1971 — The Genera of Orobanchaceae in The southeastern United
States. Journal of The Arnold Arboretum. Vol 52. N 3. P: 405-406.

72



References

124. THAMMANA M., 2016 - A Review on High Performance Liquid
Chromatography (HPLC). Journal of Pharmaceutical Analysis. Vol 5. Issue 2. P: 22-
23.

125. TIEXIERA J. C. S., GARRIDO E. M., GASPAR A & GARRIDO J. M. P,
2013 — Hydroxycinnamic acid Antioxidants: An Electrochemical Overview.
Hindwai. BioMed Research International. P: 04.

126. TOLEDO C., BRITTAAE., CEOLEB L., SILVAC E., DE MELLOA J., DIAS
FILHOB., NAKAMURA C., NAKAMURA T., 2011- Antimicrobial and cytotoxic
activities of medicinal plants of the Brazilian cerrado ,using Brazilian cachaca as
extractor liquid. Journal of Ethnopharmacology 133. P:420-425.

127. TRUONG D., NGUYEN D.,, ANH TAN. TH.,,BUI A.V.,,DO T. H & NGUYEN
H. CH., 2019 - Evaluation of the Use of different solvents for Phytochemical
Constituents, Antioxidants, and In Vitro Anti-Inflammatory Activities of Severinia
buxifolia. Hindwai. Journal of Food Quality. P: 1-2-3.

128. TSOLAKI V., MAKRIS D., MANTZARLIS K & ZAKYNTHIONS E., 2017 —
Sepsis-induced cardiomyopathy: Oxidative implications in the initiation and
resolution of the damage. Hindwai.Oxidative Medicine and Cellular Longevity. P: 2.

129. TVRDA E., MASSANYI P &LUAC N., 2017 - Spermatozoa — Facts and
Perspectives. Chapter 7: Physiological and Pathilogical Roles of Free Radicals in
Male reproduction. P:117-118-119-120-125-126.

130. VERGAS S., 2009- Développement d'une méthodologie et optimisation d'un test
colorimétrique pour la recherche de substances antimalariques d'origine vegétal.
Thése de doctorat, Université de Geneve. P: 181.

131. WENZEL U., 2013 — Flavonoids as drugs at the small intestinal level. Current
Opinion in Pharmacology, 13 (6). P: 864-868.

132. WERZ O., SZELLAS D . & STEINHILBER D., 2000 - Reactive oxygen species
released from granulocytes stimulate 5-lipoxygenase activity in a b-lymphocytic cell
line. Eur J Biochem. 267. P: 1263-1269.

133. XIAOLE W., SHEN CH., ZHU J., SHEN G., LI Z AND DONG J., 2019 -
Long Noncoding RNSs in the Regulation of Oxidative Stress. Oxidative Medicine
and Cellular Longevity. P:2-3.

134. XIE Y., YANG W., TANG F.,, CHEN X & REN L., 2015 - Antibacterial
Activities of Flavonoids: Structures-Activity Relationship and mechanism. Current
Medicinal Chemistry. 22. P: 132-133-145.

73



References

135. YAO L. H., JIAN Y. M., SHI JIAN J., TOMAS-BARBERA F.A., DATTA N.,
SINGANUSONG R., 2004 - Flavonoids in food and their health benefits. Plant
Foods for Human Nutrition, 59. P:113.

136. ZAHO X., ZHANG M., LI CH., JIANG Z, SU Y & ZHANG Y., 2019 —
Benefits of Vitamins in the Treatment of Parkinson’s Disease. Hindwai. Oxidative
Medicine and Cellular Longevity. P: 1-2-3.

137. ZHANG X., JEZA V.T., PAN Q., 2008 - Sabmonelle Tyhi: Form antihuman
pathogen to a vector. Cellular et Molecular immunology. Vol 5. No 2. P:91-97.

138. ZHENG C. D,, LI G.,, LIH Q ., XU X. J., GAO J. M., ZHANG A .L ., 2010 -
DPPH- scavenging activities and structure-activity relationships of phenolic
compounds, Nat Prod Commun. Vol 5. P: 1759-1765.

139. ZOLGHADRI S., BAHRAMI A, KHAN M. T. H., MUNOZ-MUNOZ J.,
MILONA G., GARCIA-CANOVAS F & SABOURY A, 2019 - A
comprehensive review on tryosinase inhibitors. Journal of Enzyme Inhibition and
Medicinal chemistry. Vol 34 . No 1. P: 285.

74



References

:(Arabic References) 4zl gal jall o

3 S . Ferula vesceritensis 4akll 4 claliiie 4wl )0 3 daaluall — 2014 0 &US o 1
83 10 Al )5zl e gralidads | a8 jiulae algd il # AS

C A clealiiuel 3.3 salaall Alladlly AL il Al - 2016 & Gl 5 o AS 2
23 10a Al )5 zlse (gaald daala ¢ riualall 2algd Jul 4l ), zygophyllum gaetulum

1) clialaiia (3 30 2 gall 4y 300 dagdiall 5 5008 saliaall clbliall — 2011 & 4 cp .3
55 -54 1pa e pile Gla i daals riualall saled Jal Al | Hertia cheirifolia L.
.90

Ll 323 aliadl) Alladlly o538l al) @l dul 2 - 2010 G Gie e 2 4
102 iue Ak (5 ) siie daala « fiuale 3 S . Conovolulus supinuscoss

Pistacia <ilils cibalaiua 5SS sbaall 05 Jsidll (g ginad)l pai — 2015 oa Ja .5
saled il dasia 4a 55kl Argania spinosa L s Artemisia campestris L. s lentiscus L.
85-76 :0a . ahauw (pile Gla i dadla (o) S0

Gl dilaie ALl 4 ) pmaall UL s (50 5 Allaial ALl de sussall — 2007 6 uds L6
.84-85:0a .35l )l Aapdas | 5l

bl il A gl gaal) Alladll g AL 558 Al 50 (B Aaalall — 2016 <F (A 00 5 pu dBsa T
— 19 :ua . sl pmal dda e il Ay (oanlST yiule 3aled (il B She Chgu g0l dikaia
.20

. aretemisia herba alba asso gl Gl (LSl (alladll (e 4l 0 — 2010 «.J = .8
A3 1 e (e Gla i Aaals bl 3algd Jal Al

75



Annexes



Annexes

Annexes:

1- The materials used:

BUCHI LAORTECHNIC AG
CH-9230 FLAWIL 1/

SWITZERIAND
Type: R-21
SN: 1000048012
Volt: 240-100VAC
Frequ: 60 / 50Hz
Power: 60W
Built 2010

T16 AL250V (2x)

SHIMADZU CORPORATION
MODEL UV mini-124
.No .CAT 24-206 ---- 38
SERIAL NO. A
10934603363 CD 220-240 V~
60/50Hz 160VA
MADE IN JAPAN

Spectrophotometry




Annexes

CHIMADZU CORPORATION
:Model A20-CTO

.NO .CAT - 145-228
38

.NO SERIAL

20214806938L
~V 240-220 Hz 60 /50 600
JAPAN MADE IN VA

CHIMADZU
CORPPORATION

Model A20-SPD
.NO .CAT -3 45-228
38

.NO SERIAL

20134813938L
24- 23 Hz60/50 VA 16
JAPAN MADE IN

HPLC

2- The linear calibration curves of DPPH assay:

100

90
0,
1% g

70 y=2.1154%-3.9889
60 R2=0 QQ';A/‘_
40

30 /

20

10
0 —

0 5 10 15 20 25 30 35

Concentration ug/ml

A linear calibration curve of the crude extract (DPPH assay)
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100
19 y = 2.8948x - 7.3995 /9
80 R?=0.9754

60

40

20

O T T T T T T 1
0 5 10 15 20 25 30 35

Concentration pg/ml

A linear calibration curve of Flavonoid extract (DPPH assay)

100
1%
0 %0 y=5.1426x+8.2356/‘
R*=0,
60
20
./
0 T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18

Concentration pg/ml

A linear calibration curve of Tannin extract (DDPH assay).

3- The linear calibration curves of Reducing power assay:

Abs g:g: = 0.62834x +0.0154 &
0.07 R==0.9985
0.06
0.05 /
0.04
0.03
0.02 —
0.01
0 T T T T T )
0 0.02 0.04 0.06 0.08 0.1 0.12
Concentration mg/ml

A linear calibration curve of the Crude extract (Reducing power assay).
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0.18
0.16 *
0.14
0.12

0.1
0.08
0.06
0.04

0.02 §= >
0 T T T T T 1

0 0.02 0.04 0.06 0.08 0.1 0.12

Abs

y=1.5701x-0.0045
R*=10.9385

Concetration mg/ml

A linear calibration curve of Flavonoid extract (Reducing power assay).

0.5
Abs (4 y =3.9435x +0.0401 _—
' R2=0.9802
0.3 /
0.2
0.1 L
O . T T T T T 1
0 0.02 0.04 0.06 0.08 0.1 0.12

Concentration mg/ml

A linear calibration curve of Tannin extract (Reducing power assay).
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A présenté une communication affichée intitulée:

Phytochemical study and biological activity of different extracts from flowers of parasitic plant
Cistanche tinctoria (Desf) Beck
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