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ABSTRACT

The aim of this study is to evaluate, in vitro and in vivo, the antioxidant, anti-inflammatory
and hepatoprotective activities of different extracts prepared from the aerial parts of
Arthrophytum scoparium and Halogeton sativus. The contents of polyphenols, flavonoids and
tannins of the crude methanolic extract (CrE) and its fractions: extract of chloroform (ChE),
ethyl acetate (EAE), aqueous (EQA) and decoction (DEC) have been determined. The results
showed that the DEC extract of A. scoparium contains the largest amount of phenolic
compounds, flavonoids and tannins, whereas for H. sativus EAE contained the largest amount
of polyphenols, flavonoids and tannins. CrE extracts from A. scoparium and EAE from H.
sativus showed the highest scavenger (DPPH, ABTS and hydroxyl radicals), reductive and
ion chelating activities. DECs of 4. scoparium and H. sativus CrE exhibited the greatest
activity of eliminating hydrogen peroxide. EAE extracts from H. sativus and CrE from A.
scoparium were found to be the most potent inhibitors of B-carotene oxidation with 99.12 +
0.41% and 69.35 £+ 0.32%, respectively. The DECs and CrEs of both plants showed the
highest anti-hemolytic effect against AAPH-induced hemolysis, with significant HTs, values.
In addition, A. Scoparium CrE and H. sativus EAE have satisfactory inhibitory properties
against FeSOy-induced hemolysis. In a hepatoprotective study, ASE (A.scoparium crude
extract) and HSE (H.sativus crude extract) were administered orally (250 and 500 mg / kg) for
7 consecutive days and then, after 24 hours, CCl; was administered. The treatment of rats
with CCl14 resulted in a significant increase in serum levels of ALT, AST, urea and creatinine.
The analysis of the antioxidant potential parameters showed a significant increase in the GSH
level and CAT activity of the groups treated with ASE and HSE. On the other hand, a
significant decrease in MDA levels has been recorded. These parameters were significantly
altered in a dose depending manner. /n vivo, ASE and HSE showed a potent entrapment effect
on DPPH and a reducing power. A histological study confirmed the antihepatotoxic potential
of the extracts of both plants. Anti-inflammatory activities showed that the administration of
100, 200 and 400 mg / kg of ASE and HSE inhibited xylene-induced ear edema in a dose-
dependent manner. The gastroprotective effect of ASE and HSE at a dose of 300 mg / kg was
evaluated by restoring the architecture of the rats' stomachs. In conclusion, 4. scoparium and
H. sativus exert potent antioxidant activity both in vitro and in vivo. The selected plants can
therefore be used as antioxidant, anti-inflammatory and hepatoprotective agents. The results
of this study support the traditional use of these plants to treat many diseases.

Key words: Arthrophytum scoparium, Halogeton sativus, polyphenols, Flavonoids,

Antioxidant activity, hepatotoxicity.



RESUME

Le but de cette étude est d'évaluer I’activité antioxydante, anti-inflammatoires et hépato protectrices in
vitro et in vivo de différents extraits préparés a partir des parties aériennes d’Arthrophytum scoparium
et de Halogeton sativus. La quantification des polyphénols, flavonoides et tanins d'extrait
méthanolique brut (CrE) et de ses fractions: extraits de chloroforme (ChE), d'acétate d'éthyle (EAE),
aqueux (AQE) et de décoction (DEC) a été déterminée. Les résultats ont montré que A. scoparium
DEC contient la plus grande quantit¢ de composés phénoliques, de flavonoides et de tanins.
Considérant que H.sativus a montré que 1'EAE contenait la plus grande quantité de phénol, de
flavonoides et de tanins. A.scoparium CrE et H.sativus EAE ont montré l'activité la plus élevée de
piégeage des radicaux de DPPH, d’ABTS, de pouvoir réducteur, de radicaux hydroxyles et d'activités
de chélation d'ions. A. scoparium DEC et H.sativus CrE présentaient respectivement l'activité de
piégeage la plus ¢élevée du peroxyde d'hydrogeéne. H. Sativus EAE et A. scoparium CrE se sont révélés
étre les inhibiteurs les plus puissants de l'oxydation du B-caroténe avec 99,12 + 0,41% et 69,35 +
0,32%, respectivement. Les DEC et CrE des plantes étudiées ont montré l'effet antihémolytique le plus
élevé contre 'hémolyse induite par I'AAPH et ont révélé des valeurs importantes de HTs dans la
gamme de concentration utilisée (0,125 a 1 mg / ml). De plus, A.scoparium CrE et H.sativus EAE
présentaient des propriétés inhibitrices satisfaisantes contre 'hémolyse induite par FeSO,. Les doses
administrées (2000 mg / kg et 5000 mg / kg) n'ont pas subi de modifications du comportement général,

de la toxicité ou de la mortalité des rats testés.

Dans une étude hepatoprotective, I'ASE et I'HSE ont été administrés par voie orale a des doses de 250
et 500 mg / kg pendant 7 jours consécutifs. Aprés 24h, I’administration de CCly (2 ml / kg, i.p) a été
réalisée. L'analyse des paramétres du potentiel antioxydant a montré une augmentation significative du
taux de GSH et de l'activité CAT des groupes traités avec I'ASE et I'HSE. En outre, une diminution
significative des niveaux de MDA a été enregistrée. Le traitement des rats au CCl4 a provoqué une
augmentation significative des taux sériques d'ALT, d'AST, d'urée et de créatinine. Ces parametres ont
été réduits de maniére significative en fonction de la dose lors du traitement par ASE et HSE. /n vivo,
I'ASE et I'HSE ont montré un puissant effet de piégeage du DPPH et un pouvoir réducteur. Une étude
histologique a confirmé le potentiel antihépatotoxique d'extraits de plantes sélectionnées. Les activités
anti-inflammatoires ont montré que l'administration de 100, 200 et 400 mg / kg d'ASE et d'HSE
inhibait I'augmentation d'cedéme de l'oreille induite par xyléne d’une maniére dépendante de la dose.
L'effet gastroprotecteur de 1'ASE et de I'HSE a une dose de 300 mg / kg est confirmé par la
restauration de l'architecture normale de l'estomac de rat. Donc, On peut conclure qu’A.scoparium et
H.sativus exercent une puissante activité¢ antioxydante a la fois in vitro et in vivo. Les résultats
indiquent clairement que les plantes sélectionnées peuvent éEtre utilisées comme agent
hépatoprotecteur et soutiennent l'utilisation traditionnelle de ces plantes pour traiter de nombreuses

maladies a médiation radicalaire
Mots-clés: Arthrophytum scoparium, Halogeton sativus, polyphénols, flavonoides, activité

antioxydante, hépatotoxicité.
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Introduction

Medicinal plants have been playing an essential role in the development of human culture as a
source of medicines. They have always been at forefront virtually all cultures of civilizations.
Medicinal plantes are regarded as rich sources of traditional medicines and from these plants
many of the modern medicines are produced. For thousands of years, medicinal plants have
been used to treat health disorders, to add flavor, concerve food and to prevent epidemic
diseases. The present study was undertaken to valorize A.scoparium and H.sativus extracts as

antioxidant and anti-inflammatory agents.

Phenolic compounds and flavonoids are present in nutrients and herbal medicines, both
flavonoids and many other phenolic compounds are effective as antioxidants, antibacterial,
cardioprotective agents, anti-inflammatory agents, immune system promoting, skin protecting
compounds, skin protection from UV radiations, and interesting candidate for pharmaceutical

and medicinal use.

WHO (World Health Organization) estimated that 80% of people worldwide rely on herbal
medicines for some aspect of their primary health care needs. According to WHO, around

21.000 plant spices have the potential for being used as medicinal plants.

Reactive oxygen species (ROS), highly reactive molecules, are produced by living organisms
as a result of normal cellular metabolism and environmental factors, and can damage nucleic
acids and proteins, there by altering their functions. The human body has several mechanisms
to counter act oxidative stress by producing antioxidants. A shift in the balance between
oxidants and antioxidants in favor of oxidants is termed as “oxidative stress”.Oxidative stress
results in macromolecular damage and is implicated in various disease states such as
atherosclerosis, diabetes, cancer, neurodegeneration, and aging. Naturally occurring
phytochemical antioxidants have occupied a prominent position as effective antioxidants for
the prevention and/or treatment of several disorders and diseases. The premise for this has
been the antioxidant actions of the phytochemicals as free-radical scavengers, oxidative stress
relievers, and lipoperoxidation inhibitors. In recent years, plant polyphenols have been
reported as effective antioxidants in the prevention and treatment of several diseases,
including CVDs, cerebrovascular diseases, Alzheimer’s disease, resperatory system disease,

and cancer (Liu ef al., 2018).

Arthrophytum scoparium and Halogeton sativus belongs to the family of chenopodiaceae.

They are worldwide distributed, especially in desert and semi desert areas. A.scoparium is a



local medicinal plant, which has been used extensively in the southwestern part of Algeria. It
is used to treat numerous human diseases especially infectious (skin infections, urinary and
genital infections), Rheumatism, diabetes, cancer, infertility, hair problems and stomach
disorder (Allaoui et al., 2016, fatehi et al., 2017),however, Many studies reported the
traditional use of Halogeton species in the treatment of hypertension and demonstrated the

hypoglycaemic effects (TUNDIS et al., 2008).
In the present study, the following objectives are formulated:

e Evaluation of the in vitro antioxidant activity of plant extracts using different methods.

e Estimation of the LDs of the Arthrophytum scoparium and Halogeton sativus of crude
methanolic extracts of aerial parts extracts.

e Evaluation of the acute toxicity of Arthrophytum scoparium and Halogeton sativus.

e Evaluation of the protective effect of crude extracts of selected plants against CCls-
induced liver injury.

e Evaluation of plasma antioxidant capacity using DPPH radical scavenging test and
reducing power method.

e [Evaluation of the in vivo antioxiadant activity of crude extract of selected plants by
assessing the MDA and GSH levels, and catalase activity in the liver of rats.

e Evaluation of the antiinflammatory effect of plant extracts in mice against xylene-
induced ear odema.

e Evaluation of the protective effect of crude extracts of selected plants against ethanol

induced gastric ulcer.



1. Oxidant and antioxidant system

1 .1.0xidative stress

The term “stress” was first used in the biomedical literature as a description of hyperactivity
in the hormone system, in particular concerning the corticosteroids of the adrenal cortex .The
scientist summarized some 20 years later how the idea of stress, stress response, and
homeostasis as a dynamic equilibrium gradually developed into a highly useful idea in general
physiology and the study of diseases. According the literature, it’s reported that “stress”
primarily as a factor causing disease, and even today, as exemplified by this thematic issue,
modern stress research is still largely concerned with path mechanisms of human disease.
(Breitenbach and Eckl, 2015). Oxidative stress (OS) is conceptually defined as the imbalance
between generations and clearances of oxidants and it has increasingly become a major

interested point of basic science and clinical research.
1.2. Oxidants
1.2.1. Endogenous Sources of ROS

The term reactive oxygen species (ROS) includes the reduced form of oxygen and their
reaction products with other molecules. ROS can be divided into two groups: free radicals and
nonradical. Reactive Nitrogen species (RNS) are special forms of ROS that contain nitrogen.
Similar to ROS, RNS can also include radicals and non-radicals form (Mugoni et al., 2013;
Collin, 2019). Molecules containing one or more unpaired electrons and thus giving reactivity
to the molecule are called free radicals. When two free radicals share their unpaired electrons,

nonradical forms are created. ROS/RNS are summarized in Table 1.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3488923/table/T1/

Table 1.Radical and non-radical ROS and RNS (Phaniendra et al., 2015).

ROS RNS

Free radicals  Hydroxyl radical (*OH) Nitric oxide (*NO-)
Superoxide anion (¢O2) Nitrous acid (HNO, -)
Lipid peroxyl (*LOO )
Thiyl (*RS)

Non-radicals  Hydrogen peroxide (H203) Nitrogen dioxide NO
Singlet oxygen ('0,)
Ozone (03) Dinitrogen N,O4
Lipid peroxide (LOOH)  tetraoxide
Peroxynitrite (ONOO-)

In the living organisms, ROS are generated in several cellular Systems localized on the
plasma membrane, in the cytosol, in the peroxisomes, and on membranes of mitochondria and
endoplasmic reticulum (Fig.1). Several soluble cell components, including thiols,
hydroquinones, catecholamines, and flavins, can contribute to intracellular ROS production as
they are able to undergone redox reactions (Matsubara et al, 2015). Moreover, several
cytosolic enzymes produce ROS during their catalytic activity. Probably the most studied
ROS producing enzyme is xanthine oxidase (XO) (Réc et al., 2015). It has now been about 50
years since mitochondrial HO, production in the presence of respiratory substrates was first
recorded (Treberg et al, 2019), followed shortly after by the detection of mitochondrial
generation of superoxide radical anion (Dudylina et al., 2019). The discovery that electron-
transfer along the inner mitochondrial membrane carriers is associated with formation of ROS
suggested the mitochondrial involvement in degenerative processes linked to several diseases
and aging (Kausar et al., 2018). Although peroxisomes have long been known as organelles
involved in cellular metabolism of H,O,, it is now clear that they are involved in several
metabolic pathways (Pascual-Ahuir et al, 2017). Important functions performed by

peroxisomes include fatty acid - and a-oxidation, amino acid and glyoxylate metabolism,
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and synthesis of lipidic compounds, and most enzymes catalyzing these processes produce
ROS during their activity (Antonenkov et al., 2010; Wanders et al., 2016). The endoplasmic
reticulum (ER) is involved in multiple functions, such as synthesis, folding, and transport of
Golgi, lysosomal, secretory, and cell-surface proteins , calcium storage , lipid metabolism,
and, in some cell types, drug detoxification (Palipoch, 2013; Schwarz and Blower, 2016).
Smooth endoplasmic reticulum presents a chain of electron transport, constituted by two
systems devoted to xenobiotic metabolism and introduction of double bonds in fatty acids,

which are also able to produce ROS (Di Meo et al., 2016).

Oxidases

Cytochrome P450
Cytochrome b5

Erolp

Y JLEZd _ -
7 /‘M?i Peroxisome
Lysosome ;5? ﬁ’ <. Kanthine oxidase

T Endoplasmic reticulum Cytoplasm <— Catecholamines
Flavins

Electron transport
system

Cyclooxygenase Respiratory chain
Ee®*_Cu* Lipoxygenase Oxidases
T NADPH oxidase

Fenton reaction Lipid bilayer

Figure 1. Cellular sources of ROS production. Subcellular organelles and structural and soluble cell
components all contribute to production of a wide variety of reactive species (Venditti ez al., 2015).

1.2.2. Exogenous Source of ROS

a. Cigarette Smoke

In the last two decades, the central role of free radical mechanisms in tobacco smoke
carcinogenesis and oxidative stress has been established by a series of studies.
Cigarette smoke contains many oxidants and free radicals and organic compounds, such as
superoxide anion (O,") and subsequently H>O, and the reactive hydroxyl radical (HO¢),
which cause oxidative damage to cellular membrane lipids, proteins, enzymes and DNA (Tian

et al., 2017). ROS in the cigarette gas-phase promote the destruction of endogenous

b)



antioxidants (vitamins and enzymatic antioxidants) reducing the vital role of cellular
antioxidant defenses (Forouzandeh et al., 2017). Several studies show that antioxidant
vitamins are lower in smokers resulting in systemic oxidative stress, whereas dietary

antioxidant supplements provide only limited protection to smokers (Kim et al., 2017).
b. Hyperoxia

Hyperoxia refers to conditions of higher oxygen levels than normal partial pressure of oxygen
in the lungs or other body tissues. It leads to greater production of reactive oxygen and

nitrogen species (Ozougwu, 2016).
¢. Ionizing Radiation

Ionizing radiation, in the presence of O,, converts hydroxyl radical, superoxide, and organic
radicals to hydrogen peroxide and organic hydroperoxides. These hydroperoxide species react
with redox active metal ions, such as Fe and Cu, via Fenton reactions and thus induce

oxidative stress (Kashmiri et al., 2014; Collin, 2019).
d. Heavy Metal Ions

Heavy metal ions, such as iron, copper, cadmium, mercury, nickel, lead, and arsenic, can
induce generation of reactive radicals and cause cellular damage via depletion of enzyme
activities through lipid peroxidation and reaction with nuclear proteins and DNA (Ozougwu,

2016).
1.3. Effect of oxidative stress

Oxidative stress occurs when the balance between antioxidants and ROS are disrupted
because of either depletion of antioxidants or accumulation of ROS. Higher production of
ROS in body may change DNA structure, result in modification of proteins and lipids,
activation of several stress-induced transcription factors, and production of proinflammatory

and anti-inflammatory cytokines.



a. Effects of oxidative stress on DNA

Both ROS/RNS can oxidatively damage the nucleic acids. The mitochondrial DNA is more
vulnerable to the ROS attack than the nuclear DNA, because it is located in close proximity to
the ROS generated place. ROS, most importantly, the OHe radical directly reacts with all
components of DNA such as purine and pyrimidine bases, deoxyribose sugar backbone
(Phaniendra et al., 2015) and causes a number of alternations including single and double
stranded breaks in DNA. A number of modified purine (e.g. 8-hydroxydeoxy guanosine, 2,6-
diamino-4-hydroxy-5-formamidopyrimidine) and pyrimidine (e.g. thymine glycol, uracil
glycol, 5-hydroxydeoxyuridine) base produced by attack of OHe radical and DNA- protein
cross links (Fig.2). On the other hand, the RNS, most importantly, peroxynitrite (OONQO")
interacts with guanine to produce nitrative and oxidative DNA lesions such as 8-nitroguanine

and 8-oxodeoxyguanosine respectively (Kawanishi et al., 2016).

0]

L o] = NH, NH,
HN e . -OH N \
0 HN N T = N
b ! ) | {
HEN N N 8] N o N N L i
sugar sugar sugar sugar
8-oxo-Guanine 5-hydroxymethyl-U  S-hydroxymethyl-C Cyclo-dA
NH, 0
N L ? | H
N N~ A.__CH, HN. ST 0
_ | NH HN r g.ﬂ
sugar CH3 sugar sugar sugar
3-methyl-Adenine Hypoxantine Thymine glycol fD?r:lﬂﬁ!:::ll;L{;:;m:g::: ¥’;?1-P?l

Figure 2. Base modifications introduced by ROS (Birben et al., 2012).

b. Effects of oxidative stress on lipids

The membrane lipids, especially the polyunsaturated fatty acid residues of phospholipids are
more susceptible to oxidation by free radicals. The lipid peroxidation results in the loss of
membrane functioning, for example, decreased fluidity, inactivation of membrane bound
enzymes and receptors (Phaniendra et al., 2015). The lipid peroxidation is initiated, when any
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free radical attacks and abstracts hydrogen from a methylene groups (CH,) in a fatty acid
(LH) which results in the formation of a carbon centered lipid radical (Le). The lipid radical
can react with molecular oxygen to form a lipid peroxyl radical (LOO¢). The resultant lipid
peroxyl radical (LOOe) undergo rearrangement via a cyclisation reaction to form
endoperoxides, which finally form malondialdehyde (MDA) and 4-hydroxyl nonenal(4-
HNA),the toxic end products of lipid peroxidation that cause damage to the DNA and proteins
(Hashemi, 2019). These lipid peroxyl radicals can further propagate the peroxidation process
by abstracting hydrogen atoms from the other lipid molecules. Isoprostanes constitute the
important product of lipid peroxidation of arachidonic acid and are considered as the makers

of the oxidative lipid damage (Ayala et al., 2014; Taso et al., 2019).
c. Effects of oxidative stress on proteins

Many radical species (O, =, OH °, peroxyl, alkoxyl, hydroperoxyl) and non radical species
(H20,, O3, HOCI, singlet oxygen, OONO-) can be induced the protein oxidation (Ferreira et
al., 2018). ROS oxidize different amino acids present in the proteins, causing formation of
protein— protein cross linkages, results in the denaturing and loss of functioning of proteins,
loss of enzyme activity, loss of function of receptors and transport proteins (Nita and
Grzybowski, 2016). The methionine and cysteine are more susceptible to oxidation by ROS
because these amino acids contained sulphur and are converted to disulphides and methionine
sulphoxide, respectively. However in biological systems, only these two oxidized forms of
proteins can be converted back to their native form by two different enzymes namely disulfide
reductases and methionine sulfoxide reductases respectively (Phaniendra et al., 2015; dos
Santos et al., 2018). The ROS induced oxidative damage of amino acid residues such as
lysine, proline, threonine and arginine yields carbonyl derivatives. The presence of carbonyl

groups in proteins has been considered as the marker of ROS mediated protein oxidation. The
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other specific markers of protein oxidation are O-tyrosine (a marker for hydroxyl radical) and

3-nitrotyrosine (a marker for RNS) (Davies, 2016).
d. Effects of oxidative stress on signal transduction

ROS can induce expression of several genes involved in signal transduction.( Dudziak et
al.,2019) Disruption of the ratio GSH/GSSG causes activation of redox sensitive
transcription factors, such as NF-«xB, AP-1, nuclear factor of activated T cells and hypoxia-
inducible factor 1 , that are involved in the inflammatory response (Ren et al., 2017).
Activation of transcription factors via ROS is achieved by signal transduction cascades that
transmit the information from outside to the inside of cell (Nguyen et al., 2017). Tyrosine
kinase receptors, most of the growth factor receptors (epidermal growth factor receptor,
vascular endothelial growth factor receptor, receptor for platelet-derived growth factor,
protein tyrosine phosphatases, and serine/threonine kinases) are targets of ROS (Alexander et

al., 2017).
1.4. ROS in normal physiological processes

It has been widely documented that ROS/RNS act as intracellular signaling molecules to exert
their physiological function.ROS are involved in signaling through chemical reactions with
specific atoms of target proteins that lead to covalent protein modification (Griendling et al.,
2016). Thus, ROS molecular recognition occurs at the atomic and not at the macromolecular
level. Moreover, ROS exert their particular signaling properties by specifically targeting
elements in protein. For example, O," preferably reacts with iron-sulfur (Fe-S) clusters. Both
cysteine residues and methionine residues are the major targets of H,O, (Mettert and Kiley,
2015). However, OH has no preferable reactivity toward biological molecules. Furthermore,
selenocysteine is more reactive with H,O, than cysteine, and may operate in H,O, based

redox regulation (Benchoam et al., 2019). H,O; can act as direct modifier of thiol containing



proteins, to produce a redox state of signaling proteins, to produce a redox dependent
modification of enzyme. For the same reason not all ROS are aqually suitable for signal

transduction (Song and zou, 2015; Rampon ef al., 2018).

Many of low grade ROS-mediated acute responses actually protect the cell against oxidative
damage and re-establish or maintain the intracellular redox homeostasis (Marengo et al.,
2016). ROS are involved in important physiological responses/events, such as defense against
envirommental pathogens, responce to growth factors, cellular proliferation, differentiation,
apoptosis, and autophagy. Additionally, duox expression and H,O, formation are the rate-

limiting processes for the synthesis of thyroid hormones (Di Marzo et al., 2018).

1.5. Antioxidants

Just like free radicals, antioxidants can be endogenously produced (e.g. superoxide dismutase (SOD)
and reduced glutathione (GSH)) and can also be introduced to the biological system exogenously,
usually through diet (e,g. vitamin c, caratenoids and vitamin E) (Amber et al., 2013; Ighodaro and
Akinloye, 2017). Antioxidants primarily function to balance out free radicals generated during
metabolic processes including during mechanisms involved in protecting the gut from inflammation
and injury (Nwosu et al., 2016). Antioxidants can be said to go about its defence system in three main
ways: a: by proteins sequestering with transition metals preventing their availability for reaction with
free radicals.b: inhibiting their deleterious effect, making available small molecules that have the
capability of scavenging free radicals.c: specific mechanisms for the correction of ROS-induced DNA

damage (Ofor et al., 2016).
1.5.1. Enzymatic Antioxidants
a. Superoxide dismutase

SODs are a class of closely related enzymes that catalyse the breakdown of the superoxide anion into
oxygen and H,O, present in almost all aerobic cells and in extracellular fluids (He et al., 2017). It

comprises of three families depending on the metal co-factor; Cu/Zn, Fe and Mn and the Ni type
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which binds nickel. Mn-SOD has been found mostly in mitochondria and peroxisomes, Fe-SOD has
been found in peroxisomes and Cu-Zn-SOD in peroxisomes and cytosol (Ighodaro and Akinloye,

2017). Superoxide dismutase’s converts superoxide to hydrogen peroxide: 20, "+ 2H = H,0,+ Oy

b. Catalase

This is predominant in cells exposed to oxygen and is frequently used to catalyse the
decomposition of H,O, to oxygen and water (Webb et al., 2017). Catalase has one of the

highest turnover rates for all enzymes; with one molecule of catalase being able to convert

approximately 6million molecules of H,O, to water and oxygen each minute (Obeagu, 2018).

¢. Glutathione system

The Glutathione system comprises of three main classes: Glutathione reductase, Glutathione
peroxidise (GPx) (competes with catalase for H,O, and is the major source of protection

against low levels of oxidative stress) and Glutathione S transferase (Kivrak et al., 2017).

1.5.2. Nonenzymatic Antioxidants

Nonenzymatic antioxidants include low-molecular-weight compounds but are not limited to;
Glutathione (GSH), ascorbic acid (Vitamin C), tocopherols and tocotrienols (Vitamin E) , uric

acid, melatonin, alpha lipoic acid (Tan et al., 2018).

a. Glutathione

They are synthesized from constituent amino acids in cells. It is a cysteine containing peptide.
In cells it is maintained as Glutathione reductase which subsequently reduces other
metabolites and enzyme systems while still capable of reacting with oxidants (Lian ef al.,

2018).

b. Vitamin C (Ascorbic Acid)
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Vitamin C is usually maintained in the reduced form in the body by its reaction with
glutathione which can be catalysed by protein. Vitamin C is able to prevent formation of
nitrosamines, neutralise ROS such as H,O,, thus boosting immunological response (Pehlivan,

2017).

¢. Vitamin E (a-Tocopherol)

They are fat soluble vitamins that exist in eight different forms and possess antioxidative
properties. The main function of vitamin E is protecting the cell from lipid peroxidation. In
the human biological system, a-tocopherol is the most studied and is said to have the highest
bioavailability with the body preferentially absorbing and metabolizing this most active form

(Obeagu, 2018).
d. Melatonin

This is a powerful antioxidant that has the ability to easily cross cell membranes and blood-
brain barrier. Unlike other antioxidants melatonin does not undergo redox recycling (repeated
reduction and oxidation), once oxidized cannot be reduced to previous state because it forms
several stable end products when it reacts with free radicals. Thus has been termed terminal

(or suicidal) antioxidant (Galano et al., 2018; Debnath ef al., 2019).
e. Polyphenol and flavonoid compounds

Plant metabolism is mainly classified as primary or secondary. Compounds produced through
primary metabolism, which are generally referred to as primary metabolites; include sugars,
fatty acids, amino acids and nucleic acids (Singh et al., 2017). Primary metabolites are
required for maintenance of plant cells while secondary metabolites are essential to the
normal growth, development and defense of plants (Wang et al., 2019). To date, thousands of
different types of secondary metabolites have been identified in plants chemically, these

compounds are either nitrogen-containing (alkaloids) or nitrogen-deficient (terpenoids and
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phenolics) (Patra et al., 2013; Deepak et al., 2015).).Plant phenolics are mainly classified into
five major groups, phenolic acids, flavonoids, lignans, stilbenes and tannins (Myburgh, 2014).
Phenolic compounds generally possess one or more aromatic rings with one or more hydroxyl
groups (Tanase ef al., 2019). It has commonly been assumed that the antioxidant capacity of
phenolics will increase with the number of free hydroxyls and conjugation of side chains to
the aromatic rings Flavonoids and phenylopropanoids are also oxidized by peroxidase, and act

as H,O; scavengers (Lee et al., 2017).

The basic structure of a phenolic compound comprises of an aromatic ring with one or more —
OH groups. However, phenolic compound found in Nature are structurally diverse from
simple phenolic molecules to complex polymerized compound (Bhuyan and A Basu, 2017).
Phenolics found in food material can be divided into three major groups: simple phenol and
phenolic acids, hydroxycinnamic acid derivatives and flavonoids. Phenolic acids, flavonoids
and tannins are considered as the main dietary phenolics (Stefanescu ef al. 2019). Flavonoids
constitute the largest group of low-molecular-weight plant phenolics and have been studied
most extensively. They are also the most important plant pigments. Over 4,000 different types
of flavonoids are found in Nature (Panche et al., 2016). Flavonoids usually occur bound to
sugar molecules and consist mainly of catechins, proanthocyanins, anthocyanidins, flavons
and flavonols and their glycosides (Talapatra and Talapatra, 2015). Phenolic acids are divided
into two subgroups: hydroxybenzoic and hydroxycinnamic acids (Bhuyan et al. 2015).
Phenolic acids are significant components of fruit and vegetables. These compounds play an
important role in color stability, aroma profile and antioxidant activity. They act as acids
because of their carboxylic group (Baido et al. 2017). Tannins are the third important group of
polyphenolics which can further be divided into two subcategories: condensed and
hydrolysable tannins (Bhuyan and Basu, 2017). These are high-molecular-weight polymers.

Fruits, grains and legumes consist of condensed tannins which are mainly polymers of
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catechins or epicatechins, whereas hydrolysable tannins are polymers of gallic or ellagic acid

and found in berries and nuts (Smeriglio ef al. 2017).

Numerous studies have reported the potential health benefits of plant polyphenolics in
particular. Due to their potent antioxidant properties, plant phenolics have scientifically
proven to prevent various oxidative stress-related as well as chronic diseases, such as cancer,

cardiovascular and neurodegenerative diseases (Koch, 2019).

Oxidative stress plays an important role in carcinogenesis. Several mechanisms contribute to
the overall formation of tumours from oxidative damage. (Lee et al. 2014). Therefore,
phenolics with antioxidant properties have been found to be beneficial in preventing or
treating the oxidative damage that can induce cancer (Liu et al. 2018). Polyphenols may affect
the molecular events in the initiation, promotion and progression stages of carcinogenesis and
isoflavones and lignans may affect the estrogen-related activities related to tumour formation
(Hsu et al. 2015 ; Moein, 2015). Flavonoids have been reported to modulate key enzymes and
receptors involved in signal transduction pathways of cellular proliferation, differentiation,
apoptosis, inflammation, angiogenesis, metastasis and reversal of multidrug resistance (Baido

etal.2017).

Cardiovascular disease (CVD) is one the major killers in all developed countries with a rise in
prevalence (Tome-Carneiro and Visioli 2016). Several epidemiologic studies and intervention
trials suggest that polyphenols present in fruits and vegetables are associated with decreased
risk of cardiovascular diseases (Rangel-Huerta et al. 2015). As polyphenols are known for
their antioxidant activities, increased intake of dietary antioxidants may protect against the
development of CVD. In addition, recent evidence suggests that polyphenols have
immunomodulatory and vasodilatory properties which may also contribute in reducing the

risk of CVD (Mahmoud et al., 2019).
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2. The inflammation

Inflammation is biological response of the immune system’s that can be triggered by a variety of
factors, such as pathogens, damaged cells, toxic compounds, or irradiation. These factors may
induce acute and/or chronic inflammatory responses in the heart, pancreas, liver, kidney, lung,
brain, intestinal tract and reproductive system, potentially leading to tissue damage or disease.
(Chen et al., 2018; Liu et al., 2019), and acts by removing injurious stimuli and initiating the
healing process. Inflammation is therefore a defense mechanism that is vital to health (Zhou et
al., 2016). Usually, during acute inflammatory responses, cellular and molecular events and
interactions efficiently minimize impending injury or infection. This mitigation process
contributes to restoration of tissue homeostasis and resolution of the acute inflammation.
However, uncontrolled acute inflammation may become chronic, contributing to a variety of
chronic inflammatory diseases (Chen et al., 2018; Donald et al., 2018). At the tissue level,
inflammation is characterized by redness, swelling, heat, pain, and loss of tissue function,
which result from local immune, vascular and inflammatory cell responses to infection or
injury (Gallo et al., 2017). Important microcirculatory events that occur during the
inflammatory process include vascular permeability changes, leukocyte recruitment and

accumulation, and inflammatory mediator release (Chertov et al., 2000; Chen et al., 2018).

Mechanism of inflammation represents a chain of organized, dynamic responses including
both cellular and vascular events with specific humoral secretions. These pathways involve
changing physical location of white blood cells (monocytes, basophils, eosinophils, and
neutrophils), plasma, and fluids at inflamed site (Huether and McCance, 2015). A group of
secreted mediators and other signaling molecules (e.g., histamine, prostaglandins,
leukotrienes, oxygen- and nitrogen-derived free radicals, and serotonin) are released by
immune defense cells principally in the mechanism which can contribute in the event of

inflammation (Abdulkhaleq et al., 2018). Whatever, the inflammatory response is triggered
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through two phases: (a) acute and (b) chronic, and each is apparently mediated by a different
mechanism (Serhan ef al., 2015). These immune responses which involved in acute

inflammation can be divided into vascular and cellular (Nguyen, 2012).

2.1. Phases of inflammation

The responses which occur in microvasculature normally appear in few minutes following
tissue injury or microbial infection in the presence of other inflammatory stimuli named
vascular events ( Boffet al., 2018). The occurrence of these processes is rapid and eventually
will lead to vasodilatation and subsequently makes the vessels become more permeable. This
process will result in entry of inflammatory mediators and produces interstitial oedema
(Porter, 2013; Simon et al., 2018). Infiltration of white blood cells from circulatory system is
essential during inflammatory responses (Goljan, 2014; Kumar et al., 2013). A group of
chemotactic agents such as microbial endotoxins holding amino terminal N-formyl methionyl
groups, C5a complement fragment, and interleukins along with the secretions of basophils
such as platelets activating factor, histamine, and leukotriene B can stimulate intense
leukocytes infiltration within few minutes (Bitencourt et al., 2013; Abdulkhaleq et al., 2018).
Among the leukocytes, neutrophils are the first inflammatory cells that are recruited at the
acute inflammation site (Curcic et al., 2015). Infiltration of immune cells triggered via a
complicated mechanism in which white blood cells work together with endothelium in
postcapillary venules (Filippi, 2016). Cellular events encompass the successive capture,
trundling, and firming an adhesion to the microvascular endothelium (Leick et al., 2014).
These events in the mobilization pathway are arranged by cell adhesion molecules (CAMs).
Following a period of stationary adhesion, the white blood cells may leave the postcapillary
venules extending pseudopodia between endothelial cells and reach into the subendothelial
space. This complex event is often referred as white blood cell extravasations and

transendothelial migration (Abdulkhaleq et al., 2018; Muro, 2018). The inflammations of
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chronic events are distinguished by mononuclear cell infiltration (e.g., monocyte and
lymphocytes), fibroblasts proliferation, collagen fibers, and connective tissue formation
(Shahid et al., 2018). With chronic inflammation, the tissue degeneration is normally
mediated by nitrogen species, proteases, and other reactive oxygen species released from

infiltrated inflammatory cells (Murakami, 2012).
2.2. Anti-inflammatory drugs

The main anti-inflammatory drugs are either steroidal (e.g., betamethasone, prednisolone, and
dexamethasone) or nonsteroidal (Juthani et al., 2017) (e.g. aspirin, diclofenac, ibuprofen and
indomethacin.) used to treat both acute inflammatory condition and chronic inflammatory
diseases such as osteoarthritis and rheumatoid arthritis (Abdulkhaleq et al., 2018). However,
their prolonged use is associated with various side effects; for example, steroidal drug causes
adrenal atrophy osteoporosis, suppression of response to infection or injury, euphoria.
Cataracts, glaucoma (Phalitakul ef al., 2011; Juthani et al., 2017), and non-steroidal drug
cause peptic ulcers and bronchospasm due to blockade of both the physiological and
inflammatory prostaglandins and concurrent production of leukotrienes (Gunaydin and Bilge,
2018). Thus taking into account the adverse effects and high cost of synthetic conventionally
available steroidal or non-steroidal drugs, the search for new anti-inflammatory agents from
herbal sources is getting popular with the objective to obtain greater safety, better efficacy,

and a more economical way to treat inflammation (Arulselvan et al., 2016).
2.3. Natural products in anti-inflammation

Medicinal plants continues to be an accepted form of treatment in the Orient, and plant drugs
based on traditional practice represent a huge portion of the pharmaceutical products in
modern western countries (Levin and Laufer, 2012; Yuan et al., 2016). First, concerns have

been raised that modern pharmaceutical practice too often involves costly drugs that produce
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unacceptable side effects (Lemonnier ef al., 2017); second, the experience shows that natural
substances can apparently address several modern health concerns with fewer side effects
(Shao et al, 2017); and third, experience shows that modern medicine and traditional herbal

medicine can be combined (Yuan et al., 2016).
3. The hepatoprotective effect

The liver is the largest solid organ, the largest gland and one of the most vital organs that
functions as a centre for metabolism of nutrients and excretion of waste metabolites
(Ozougwu and Eyo, 2014). Its primary function is to control the flow and safety of substances
absorbed from the digestive system before distribution of these substances to the systemic

circulatory system (Ozougwu, 2017).
3.1. General description of the liver

The liver weighs approximately 1500g and accounts for approximately 2.5% of adult body
weight. The liver lies mainly in the right upper quadrant of the abdomen where it is hidden
and protected by the thoracic cage and diaphragm (Mubbunu et al., 2018). The liver is divided
into 4 lobes: right, left, caudate, and quadrate. The right and left lobes are the largest, while
the caudate and quadrate are smaller and located posteriorly (Kumon, 2017). Adjacent to the
caudate lobe is the sulcus for the inferior vena cava. Just inferior to the caudate lobe is the
porta hepatis, where the hepatic artery and hepatic portal vein enter the liver (Lowe and
D'Angelica, 2016). The portal vein carries nutrient laden blood from the digestive system.
Inferior to the porta hepatis is the bile duct which leads back to the gallbladder, also the
hepatic vein, where post-processed blood leaves the liver, is found inferior and adjacent to the

sulcus for the inferior vena cava (Singh and Rabi, 2019).

3.2. Histology of the liver
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The basic functional unit of the liver is the liver lobule. A single lobule is about the size of a
sesame seed and is roughly hexagonal in shape (Sadri ef al., 2015). The primary structures

found in a liver lobule include:

e Plates of hepatocytes which forms the bulk of the lobule.

e Portal triads at each corner of hexagon.

e C(Central vein.

e Liver sinusoids that run from the central vein to the portal triads.

e Hepatic macrophages (Kupffer cells).

e Bile canaliculi (—little canalsl) — formed between walls of adjacent hepatocytes.

Space of Disse — a small space between the sinusoids and the hepatocytes.

The liver is the first site of passage for venous blood arriving from the intestines via vena
porta. The areas around the influx blood vessels are named periportal. The areas surrounding
efflux blood vessels are the perivenous. The periportal area is highly complex and consists of
a dense matrix containing collagen where afferent blood vessels are found, together with bile
ducts, nerve and lymph (Butura, 2008; Kietzmann, 2017). Spaces within the matrix contain a
variable cell population, such as fibroblasts, hematopoietic cells and inflammatory cells. Also
found here are epithelial cells of the bile ducts, endothelial cells of the blood vessels, and
smooth muscles of arteries and veins (Ozougwu, 2017; Selene et al., 2018). The liver lobule
consists mainly of plates of hepatocytes and sinusoids, with a light matrix of collagen to form
a network between the two. Kupffer cells reside mainly in the tissue space between the
hepatocyte and the sinusoids. Terminal bile ductules connect here to the bile cannaliculi
between hepatocystic plates (Marrone et al., 2016). The walls of the hepatic sinusoid are lined

by three different cell types: the sinusoidal endothelial cells, kupffer cells and stellate cells.
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Additionally, pit cells, the liver specific natural killer (NK) T cells are often present in the

sinusoidal lumen (Freitas-Lopes et al., 2017). The liver is made up of four main different cell

types.

a. Hepatocytes

Hepatocytes represent 60 % of the liver‘s cells and about 80 % of the liver‘s total cell mass.
Most of the liver‘s synthetic and metabolic capabilities stem from the work of hepatocytes
(Ozougwu, 2017). Hepatocytes are large and rich in organelles such as endoplasmic reticulum
and Golgi apparatuses. They contain many and large mitochondria, as well as lysosomes and
peroxisomes (Krishna et al., 2018). The main function of hepatocytes is to participate in lipid,
carbohydrate and protein metabolism. They also produce serum proteins such as albumin and
coagulation factors. Furthermore, hepatocytes produce and secrete bile as well as detoxify and

excrete cholesterol, steroid hormones and xenobiotic drugs (Ozougwu and Eyo, 2014).
b. Endothelial Cells

The sinusoidal endothelial cells line the walls of the hepatic sinusoid and perform a function
of filtration due to the presence of fenestrae (Zhao et al., 2015). They may also function as

antigen presenting cells and secrete certain cytokines and eicosanoids (Marrone et al., 2016).
¢. Kupffer Cells

Kupffer cells are located within the sinusoid and are in constant contact with gut-derived
particles that lead to low but constant amount of activation of these monocyte derived cells.
Upon activation they are able to secrete a vast range of inflammatory mediators such as
cytokines, reactive oxygen species, eicosanoids and nitric oxide ( Triantafyllou et al., 2018).
Kupffer cells have receptors that enable them to bind cells covered with immunoglobulins or

bind to complement receptors and subsequently phagocytose cell (Dixon et al., 2013).

d. Stellate Cells
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The liver plays a central role in uptake and storage of vitamins A (Retinol) and stores about
95 % of retinoids found in the body where the stellate cells are the main vitamin A storing
cells (Chelstowska et al., 2016). Additionally, they function to control the turnover of
extracellular matrix and regulate sinusoid contractility. The stellate cells may become
activated under stressful conditions and transformed into myofibroblast — like cells which

play a key role in inflammatory fibrotic response (Kobayashi, 2019).

3.3. Hepatotoxic agents used in animal models

In-vitro and in vivo models are routinely used for studying hepatotoxicity. These models
provide the information of drug or describe their potency in prevention and cure of various
hepatic disorders (induced by hepatotoxic agents) (Singh et al., 2016). Various chemical
agents normally used for inducing animal hepatotoxicity include carbon tetrachloride,
paracetamol, acryl amide, adriamycin, alcohol, antitubercular drugs etc (Kuna et al., 2018).
These hapatotoxins changes into toxic metabolites and interfere with macromolecules like
protein, nucleic acid and lipids. These interferences induce lipid dysfunction, DNA damage

and oxidative stress leading to hepatocytes disruption (Iqubal et al., 2016).

In in-vitro models hepatic cell lines are treated with hepatotoxin and the effect of the test
drugs on the same is evaluated. Depending on the models, the method of induction can be

divided as follow.
a.Non-invasive method

Chemical-induced hepatotoxicity, drug-induced hepatotoxicity, metal-induced hepatotoxicity,
phytotoxin induced hepatotoxicity, radiation-induced hepatotoxicity and diet-induced

hepatotoxicity (Jing et al., 2018).

b.Invasive method
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Invasive methods generally used are Bile duct ligation and Portal vein ligation (Rhu et al.,
2019). Since long time, animal model has been used as a tool for biomedical research. An
ideal animal model should depict the same mechanism as human do (Perlman et al., 2016).
Animals such as rat, pig, mice, rabbit, guinea pig, cattle, ship and monkey are reliable for

conducting hepatotoxic studies (Martinez, 2011).
3.3.1. Chemical-induced hepatotoxicity

There are several chemicals which cause hepatotoxicity like carbon tetrachloride (CCly),
thioacetamide (TTA), diethylnitrosamine (DEN) (Bhakuni et al., 2015). The metabolites of
these chemicals lead to various pathological and biological changes. It has been found that
glutathione and neutrophils play a critical role in chemically induced hepatotoxicity (Bloomer
and Brown 2019). Activation and inhibition of signaling kinase, transcription factors, and
gene expression profiles may have effects on organelles like mitochondria, cytoskeleton,
endoplasmic reticulum, microtubules and nucleus (Nair ef al., 2019). The resultant deleterious
effect may lead to cell death caused by either cell shrinkage, nuclear apoptosis or swelling and

necrosis (Iqubal et al., 2016).

a. CCly

Carbon tetrachloride is one of the most common chemical agents used in the laboratory for
the study of various liver disorders at acute and chronic condition (Rane et al., 2016). CCly
alters the plasma membrane, lysosomal membrane and mitochondrial membrane (Fortea et
al., 2018). A metabolite of CCls, called trichloromethyl (CCls) produced by CYP2EI1
isozymes, combines with cellular lipids and proteins to form trichloromethyl peroxy radical
which attacks lipids on the membrane of endoplasmic reticulum faster than trichloromethyl
free radical that causes lipid peroxidation and lobular necrosis (Al-Jawad et al., 2019). A
single dose of CCly reaches to its peak plasma concentration within 3 hours and within 24
hours of administration, it causes a change in the histological and biochemical makeup of
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hepatocytes (Velmurugan and Arunachalam, 2014). Repeated dose of CCls; can induce
fibrosis and necrosis (Wu et al., 2018).

b. Thioacetamide (TAA)

Thioacetamide is a white crystalline solid often used to induce fibrosis (Starkel and Leclercq,
2011). Thioacetamide as such is not toxic to the liver but its metabolite, thioacetamide S-
oxide (ROS) is heapato-toxic and reduces the number of hepatocytes and oxygen
consumption, thus making the hepatocytes oxygen deficient (Amin et al., 2012; Schyman et
al., 2018). Thioacetamide also reduces the movement of bile salt and induces cholestasis (Wei
et al., 2018). Metabolite increases the intracellular concentration of Ca*" in nuclear volume
that obstructs the activities of mitochondria, causing necrosis and death of hepatocyte in zone
1 and zone 3 (El-Agamy et al., 2018).

¢. Diethyl-nitrosamine (DEN)

DEN is well known carcinogenic chemical. In the liver DEN is biotransformed by CYP2E1
(hydroxylation) into ethyldiazonium ion which acts as alkylating agent and reacts with DNA
and induce cancer (Yalcin et al., 2016). DEN induces hepatotoxicity when animals are treated

at a concentration of 50-200 mg/kg, 1.p. for 4-12 weeks (Rezaie et al., 2013).
3.3.2. Drug-induced hepatotoxicity

a. NSAIDs

It is one of the most frequent prescribed drugs in fever, all grades of pain, inflammation and
arthritis (Wongrakpanich et al., 2018). NSAIDs impart toxicity to liver and kidney. Among
all NSAIDs used clinically, paracetamol was found to be the most hepatotoxic and thus it is
used in the laboratory to induce hepatotoxicity so that mechanism of hepatocellular injury can
be better understood (Meek et al., 2010; Sriuttha et al., 2018).

b. Paracetamol
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PCM is a widely prescribed analgesic and antipyretic. When consumed, it gets metabolized
into N- acetylP- benzoquinone imine and this metabolite is detoxified by GSH (Ghanem et
al.,2016). When an excess of the metabolite is produced in the body, the level of endogenous
GSH depletes. This toxic metabolite binds with nucleophilic macromolecule of hepatocyte
and causes necrosis (More et al., 2017). PCM, when given at a dose of 500 mg/kg, p.o, for 14
days, induces hepatotoxicity (Caparrotta ef al., 2018).

¢. Anticancer drugs

Cancer is a complex disease, causes abnormal cell growth (Adjiri, 2017). With advancement
in understanding the pathophysiology of cancer, newer drug is being developed with least side
effects (Watts and Nimer, 2018). Almost all the anticancer drugs cause hepatotoxicity; hence
anticancer drugs are used in the laboratory for inducing hepatic injury and understanding its

action (Kuna et al., 2018).

3.3.3. Metal- induced hepatotoxicity

a. Mercury

Mercury is used randomly in industries and is one of the common causes of water pollution
and health hazard. Mercury is a transition metal which promotes the formation of ROSs like
H,0; and induces lipid peroxidation, mitochondrial damage and hepatocellular deterioration
(Rice et al., 2014). Mercury also diminishes the activities of natural antioxidants like GSH,
SOD and Catalase. Mercury, when given at a dose of 5 mg/kg, i.p, for 20 days and 3 mg/kg
for 30 days, induces hepatotoxicity (Ekambaram et al., 2014).

b. Cadmium (Cd)

It is another metallic toxin of global concern due to its capacity to impart lipid peroxidation,
mitochondrial injury and hepatocellular damage. Cd promotes the formation of ROSs like
superoxide and hydroxyl radicals that induces hepatotoxicity (Ghasemi et al., 2014; Nita et

al., 2016). Cd induces inflammation and congestion in bile canaliculi and sinusoids and
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elevates the level of biological markers like ALT, AST and GGT, when given at the dose of 1
mg/kg p.o for 15 days, induces marked hepatotoxicity (Singh et al., 2014).

c. Alcohol

Alcohol is well known for causing hepatotoxicity (ALD, fatty infiltration, hepatitis &
cirrhosis) (Ohashi ef al., 2018). Alcohol induced fatty infiltration is reversible and subsides
when consumption is withdrawn (Lamas-Paz et al., 2018). Alcohol causes hepatitis and
cirrhosis by inducing lipid peroxidation. Excessive lipid peroxidation results in altered lipid
imbalance in the cell membrane (made up of lipid bilayer) that causes loss of integrity of cell
membrane and finally there is an elevation in glutamyl transpeptidase (Fung and Pyrsopoulos,

2017; Teschke, 2018).
3. 4.Free radicals and liver diseases

ROS and RNS are produced by metabolism of normal cells (Kuchakulla et al., 2018).
However, in liver diseases, redox is increased thereby damaging the hepatic tissue; the
capability of ethanol to increase both ROS/RNS and peroxidation of lipids, DNA, and
proteins was demonstrated in a variety of systems, cells, and species, including humans
(Phaniendra et al., 2015). ROS/RNS can activate hepatic stellate cells, which are
characterized by the enhanced production of extracellular matrix and accelerated proliferation
(Lackner and Tiniakos, 2019). Cross-talk between parenchymal and nonparenchymal cells is
one of the most important events in liver injury and fibrogenesis; ROS play an important role
in fibrogenesis throughout increasing platelet derived growth factor (Peters et al., 2018;
Gracia-Sancho et al., 2019). Most hepatocellular carcinomas occur in cirrhotic livers, and the
common mechanism for hepatocarcinogenesis is chronic inflammation associated with severe
oxidative stress; other risk factors are dietary aflatoxin B1 consumption, cigarette smoking,
and heavy drinking (Nevola et al., 2018). Ischemia—reperfusion injury affects directly on

hepatocyte viability, particularly during transplantation and hepatic surgery; ischemia
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activates Kupffer cells which are the main source of ROS during the reperfusion period (Chun
et al., 2018). The toxic action mechanism of paracetamol is focused on metabolic activation
of the drug, depletion of glutathione, and covalent binding of the reactive metabolite N-acetyl-
pbenzoquinone imine to cellular proteins as the main cause of hepatic cell death; intracellular
steps critical for cell death include mitochondrial dysfunction and, importantly, the formation
of ROS and peroxynitrite. Infection with hepatitis C is associated with increased levels of
ROS/RNS and decreased antioxidant levels (Yan et al., 2018; Emon and Zesmin, 2018). As a
consequence, antioxidants have been proposed as an adjunct therapy for various liver diseases

(Obeagu et al., 2018).

4. Gastric ulcer

Peptic ulcer is a break (like a sore) in the lining of the stomach or the upper part of the small
intestine, with a diameter of at least 0.5 cm penetrating through the muscularis mucosa
(Sayehmiri et al., 2018). It is typically a non-fatal disease that majorly represented by
symptoms of epigastric pain typically relieved by food or alkali, often exhibit periodicity
(Sharifi-Rad et al., 2018). Peptic ulcers or PUDs are generally categorized based on their
anatomical origin as gastric or duodenal. (Kulshreshtha et al., 2017). Gastric ulcers are found
along the lesser curvature of the stomach, and duodenal ulcers usually occur in the duodenal
bulb, the area most exposed to gastric acid (Habeeb ef al., 2016). Helicobacter pylori had been
thought as the main etiological factor for 90% duodenal and 80% gastric ulcers. With recent
decline in prevalence in H. pylori in western countries, PUDs, especially gastric ulcers
induced with nonsteroidal anti-Inflammatory drugs (NSAIDs) and acetylsalicyclic acid (ASA)

(Graham, 2014 ; Dong et al., 2018).

4.1. Etiology
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Till the last decade it has been estimated that 80% of gastric ulcer is attributed due to H.
pylori (Mohsina et al., 2016). About 14%—-25% of gastric and duodenal ulcers are found to be
associated with NSAID use. Interaction data and randomized trial with NSAIDs and H. pylori
eradication therapy revealed that the ulcer-inducing effects of both risk factors are cumulative
(Drini et al., 2017). However, their potential interaction in the induction of ulcer disease
remains unidentified. Eradication of H pylori did not reduce the rate of ulcer relapse in
existing long term NSAID users (Sostres et al., 2014). PUDs posse a multifactorial disease
pathway majorly governed by acid disbalance and low mucosal defense leading to
inflammation. This is represented by hypersection of hydrochloric acid and pepsin (Sayehmiri
et al., 2018). This causes an imbalance between gastric luminal factors and degradation in the
defensive function of the gastric mucosal barrier such as mucus, secretion of bicarbonate,
mucosal blood flow, and epithelial cell defense (Khoder et al., 2016). On invasion of acid and
pepsin through a weakened area of the mucosal barrier leads to release of histamine.
Histamine stimulates parietal cells to secrete more acid (Hunt et al., 2015). With the
continuation of this vicious cycle resulting in erosions to form the ulcer (Habeeb et al., 2016).
4.2. Various ulcer models

a. Ethanol-induced ulcers

Administration of 1ml of ethanol leads to the ulceration via penetrating in the gastric mucosa.
It has been documented that ethanol increases the vascular permeability and causes the release
of vasoactive products (Mahmood et al., 2016). Further, Ethanol causes severe damage to the
gastrointestinal mucosa with micro vascular injury results in increase vascular permeability
(Yazan et al., 2018). Moreover, ethanol decreases the secretion of bicarbonate (HCO;") and
mucus damage (Choi et al., 2016). Various evidences indicates that during ethanol-induced
ulceration there is increase neutrophils infiltration in the gastric mucosa that results in

increase oxidative stress with increased generation of free radicals, that is reported as major
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hallmark in the pathogenesis of ulceration (kaur ef al., 2012; Guzman-Gomez et al., 2018).
b. Indomethacin-induced gastric ulcer

Indomethacin belongs to the category of the NSAIDS plays an important role in the
progression of the gastric ulcers. Ulcer formation induced by indomethacin is known to be
related the inhibition of the cyclooxygenase (COX), that in turn inhibit the release of the
mucus (Drini ef al., 2017; Gunaydin and Bilge, 2018). It has been reported that indomethacin
also accounts for the activation of the neutrophil, generation of the free radicals in response to
the oxidative stress, which than contribute to the lipid peroxidation. Indomethacin induced
ulcers. Indomethacin exerts its anti-inflammatory effects by the suppression of PG synthesis.
Suppression of PG have a negative impact upon the secretion of the mucus and bicarbonate by

gastric acid (kaur et al, 2012; Mahmood et al., 2016).
¢. HCl-induced ulcers

Oral administration of 1.5 ml of HCI contributes to the significant increase in the number of
alterations in the gastric mucosa, volume of gastric juice. Oxidative stress also play pivotal
role in the progression of the ulcers induced by HCI. Further, this oxidative stress leads to the
generation of the free radicals and lipid peroxidation. The administration of the HCI leads to
the sodium (Na) and potassium (k) flux into the lumen and increase the release of histamine

and pepsin (Saini et al., 2012).

5. Selected Plants

1. The family of chenopodiaceae

1.1. General description

Herbs annual, subshrubs, or shrubs, rarely perennial herbs or small trees. Stems and branches
sometimes jointed (articulate); indumentum of vesicular hairs (furfuraceous or farinose),

ramified (dendroid), stellate, rarely of glandular hairs, or plants glabrous. Leaves alternate or
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opposite, exstipulate, petiolate or sessile; leaf blade flattened, terete, semiterete, or in some
species reduced to scales. Stamens shorter than or equaling perianth segments and arranged
opposite them; filaments subulate or linear, united at base and usually forming a hypogynous
disk, sometimes with interstaminal lobes; anthers dorsifixed, incumbent in bud, 2-locular,
extrorse, or dehiscent by lateral, longitudinal slits, obtuse or appendaged at apex. Probably
about 100 genera and 1400 species: mainly in arid areas, deserts, and coastal and saline
habitats of N and S Africa, Asia, Australia, Europe, and North and South America. Many
species of Chenopodiaceae are adapted to, and are major components of, arid or ruderal
environments. (Kung et al., 1979) They are often intimately involved with the daily life of
people. For example, Beta vulgaris is one of the most important sources for sugar,
Chenopodium quinoa is a new high-protein crop, Spinacia oleracea and Beta vulgaris are
excellent vegetables; Dysphania ambrosioides and Salsola collina are used medicinally, seeds
of Agriophyllum squarrosum are called isand-ricei locally and are edible, seeds of
Corispermum declinatum are used for making gin, the ash of Halogeton arachnoideus and
some species of Salsola contains soda which is used in noodle-making and Anabasis aphylla
can be used as an insecticide. Many species are important as animal forage in desert,
semidesert, and steppe regions, and some species make good windbreaks and soil binders.
Haloxylon ammodendron has been used extensively in biological reconditioning of the desert.

(Li et al., 2003).
1.2. Classification of the chenopodiaceae

» Kingdom: Plantae

» Phylum: Tracheophyta
» Class: Magnoliopsida
» Order: Caryophyllales

» Family: Chenopodiaceae
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1.3. Economic importance of the chenopodiaceae

It is a family which provides food plants. Chenopodiaceae cultivated are rather resistant to
salt, and generally require a region rich in nitrogen. Most known in our areas are the various
varieties of Swiss chards and beets (Beta vulgaris), spinach (Spinacia oleracea), orache of the
gardens (Atriplex hortensis), wild spinach (Chenopodium no-claims bonus-henricus), which
can be consumed like spinaches, or the quinoa (Chenopodium quinoa), cultivated in South
America like cereal. Kochia scoparia, nameed cypress of summer, is a decorative species of

the hedges.

2. Arthrophytum scoparium

2.1. Botanical description

Arthrophytum scoparium belongs to the family chenopodiaceae, which has 120 genera and
more than 1700 species (Wen et al., 2010 ; Ibrahim et al., 2007) . They are worldwide
distributed especially in desert and semi desert areas in soils containing much salt. The plants
are herbs, shrubs, subshrubs and rarely small trees (Mabberley, 1997). Subshrubs or shrubs,
glabrous or with papillate processes (Fig.3). Annual branches terete or obtusely 4-angled,
jointed, slightly fleshy. Leaves opposite, sessile, linear, semiterete or clavate, fleshy, rarely
subulate or scale-like, base slightly expanded, apex obtuse or with a short, acicular awn; leaf
axil usually cottony. Flowers solitary in leaf axils, bisexual, with 2 bractlets. Perianth
subglobose; five segments, orbicular to broadly elliptic, herbaceous, abaxially somewhat
thickened, bearing a transverse, winglike process a little below apex in fruit, adaxially convex,
margin membranous, apex usually recurved (Miguel et al., 2014). The plant is a small,
highly-branched halophytic shrub distributed in south—east Spain, North Africa and parts of
Iran, Turkey, Iraq and Syria (Irano-Turanian region) (Salah er al., 2002). Its flowers are

discrete but at the end of the autumn, when humidity is sufficient, the end of its branches
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covers fruits surrounded by a crown of brilliant membranous and highly colored of pink or

red. In Algeria, it is commonly known as «Remthy (Tair et al., 2016).
2.2. Taxonomy

The A.scoparium is called: Remth (local name), Saligne a balai (French). It has many
synonyms : Hammada articulata (Moq.) O. Bolos & Vigo (1974), Haloxylon articulatum
(Moq.) Bunge (1851), Hammada scoparia (Pomel) 1ljin, Haloxylon scoparium Pomel (1875)

and Salsola articulata.

» Kingdom : Plantae

» Subkingdom : Tracheobionta
» Division : Magnoliophyta

» Class : Magnoliopsida

» Order : Caryophyllales

» Family : Chenopodiaceae

» Genus : Arthrophytum

» Specie: Arthrophytum scoparium Cronquist (1981).

Figure 3.Arthrophytum scoparium pictures (www.botany.cz, 2008).
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2.3. Traditionaland medicinal uses of A.scoparium

Algeria's distinctive morphology, varied topography and under changing climatic conditions
permits the grow of more than 3000 plants species (Benamar et al., 2010 ; Cheriti ef al.,
2006).The south Algerian flora is very rich and a great number of species has been used
traditionally for the treatment of several diseases without any scientific background (Melekmi
et al., 2006). Of the shrub and tree species encountered in the desert of southwest Algeria.,
A.scoparium is a local medicinal plant, which has been used extensively in the southwestern
part of Algeria. It was subjected to an ethnopharmacological survey (Naama, Tindouf, Adrar
and in Bechar), phytochemical screening and anti nosocomial activity. The
ethnopharmacological survey revealed that the A.scoparium used to treat numerous human
diseases especially the infectious one such as skin infections, urinary and genital infections,
Rheumatism, diabetes, cancer, eczema, infertility, disorders of pregnancy, hair problems,
stomach, wounds and sepsis, itching, burns, antitoxin, snake bite and scorpion sting (Fatehi et
al., 2017), and is reportedly used for diabetes, with antiseptic and anti-inflammatory
characteristics (Chaouche et al.,2014). In Tunisia and Morocco A4.scoparium is used to treat
eye disorders also to cure stomach, scorpion bites, wounds infertility and bone pain (Allaoui
et al., 2016). Arthrophytum scoparium is known in Morocco as “dkenoud”, “Remth” and
“assay”. In this region, H. scoparium (whole plant) can be used as cicatrizing agent to treat
headaches, for antidiabetic medications, or in the treatment of hypertension (Miguel et
al.,2014), In Oman the stems of this species are used as a mordant for dyeing wool in

traditional weaving (Lamchouri et al.,2012).

2.4. Chemical composition

Few species of the genus Haloxylon have been chemically investigated, which resulted in the
isolation of the several alkaloids belonging to mainly seven classes of alkaloids. These classes
are: aliphatic quaternary alkaloids, pyridine alkaloids, indole alkaloids, isoquinoline alkaloids,
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isoquinolone alkaloids, B-carboline alkaloids and phenylethylamine alkaloids (Lamchouri et
al., 2012). Haloxylon scoparium (Hammada) from Algeria has been reported to contain the
alkaloids carnegine and Methylisosalsoline as major tetrahydroisoquinoline alkaloids in
addition to isosalsoline, salsolidine, dehydrosalsolidine, is salsolidine, N-methylcorydaldine,

tryptamine and N-methyltryptamine as minor alkaloids (El-Shazlyb and Winka,2003).
3. Halogeton sativus

3.1. Botanical description

Halogeton is a plant genus of the family chenopodiaceae. The genus name, Halogeton, derives
from the Greek words for "salt" and for "neighbor." (Akhani et al., 2007).The genus
Halogeton includes both annual and perennial species, 20-70 c¢m tall. Stem branched from
base; branches alternate or lower ones opposite, spreading, light green, sometimes whitish,
not straight, glabrous The leaves are fleshy cylindrical, terminating in a persistent or caducous
bristle (Fig.4). There are three to several flowers in the axil of each floral leaf. The perianth
segments are membranous. The stamens are fixed on a papillose staminodial disk. In fruit, the
tepals develop five wings. The annual species grow in temperate salines and ruderal places,

while the perennials are found in warm and hot deserts. They are tolerant of fairly saline soils

(Li et al., 2003 ; Holmgren, 2004).

Figure 4. Halogeton sativus pictures.
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The plant is a small, highly-branched halophytic shrub distributed in Saline lake shores,
meadows with saline soils in north Africa, centrer and south west of Asia, south Europe;
locally naturalized in North America (California) and South America (Argentina) (Fig.5). In
Algeria H.sativus distributed in the pre-saharan region: Beni-ounif, Biskra, Laghouat et Msila

(Ozenda, 1983).

Halogeton sativus
Native (incl. archasophutes
Naturalised alien

~

BoLanical Musceum. Helsinki. Finland 2018
Data from BGEM. Berlin-Dahlom. Goermanu

Figure 5. Geografical distribution of Halogeton sativus.

3.2. Taxonomy

The H.sativus is called: Remth (local name). It has many synonyms: Salsola sativa

(LINNAEUS, 1762) and Salsola polyclonos (LINNAEUS, 1767)

» Kingdom : Plantae

» Subkingdom : Tracheobionta
» Division : Magnoliophyta

» Class : Magnoliopsida

» Order : Caryophyllales

» Family : Chenopodiaceae

» Genus:Halogeton

> Specie: Halogeton sativus (KUhn et al. 1993).
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Salsola species are well known in folk medicine of Russia, China and Bahrain where there
used such as diuretic, anti-hypertensive, anti-cancer, purgative, emollient, anti-ulcerandanti-
inflammatory (TUNDIS et al., 2008).Some Salsola species, such as S. kali and S. soda, were
used as food. Halogeton sativus was cultivated for the enormous 18th Century barilla
industry in Spain that produced soda ash. The species was considered to be a "saltwort" plant
(Akhani et al., 2007). Many studies supported scientifically the traditional use of Salsola
species in the treatment of hypertension and demonstrated the hypoglycaemic effects of S.
soda, S. tragus and S. oppositifolia extracts by the inhibition of a-amylase enzyme (Loizzo et
al., 2007 ; TUNDIS et al.,2007). Phytochemical evaluations of Salsola species resulted in the
isolation of flavonoids, acetophenones, coumarines and sterols. Simple tetrahydroisoquinoline
alkaloids are also common in the Chenopodiaceae family and were isolated in different

Salsola species (TUNDIS et al.,2008).
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1. Materials

1.1. Plant Material

Vegetal material was collected in April 2016 from ouled djellal, Biskra, and Ain safra,
Naama, Algeria. The plants specimens were identified by Pr. Oujhih B. Institut of nutrition
and agronomy, university of Batna (Algeria) a voucher specimen were kept under the number
227/ISVSA/ DA/UHLB1/17 and 226/ISVSA/ DA/UHLBI1/17. A. scoparium and H. sativus
Aerial parts were washed, cut, dried for two weeks in free air in dark, and then powdered
using electrical grinder. The powder was conserved in glass bottle at ambient temperature

until use.

1.2. Experimental animals

Healthy female adult wistar rats and female NMRI mice (nulliparous and non-pregnant)
weighing from 200 to 300 g and 30 to 35 g, respectively were used. They purchased from
Pasteur institute, Algiers, Algeria. The animals were acclimatized for one week, prior to
experiments. They were fed with standard diet and water and kept in a standard with natural
light and dark cycle (OECD, 2008).

1.3. Chemicals and reagents

Linoleic acid, B-carotene, butylated hydroxytoluene (BHT) were purchased from Fluka
Chemical Co. (Buchs, Switzerland).salicylate sodium, 2, 2-diphenyl-1-picryl- hydrazyl
(DPPH), ethylenediamine tetraacetic acid (EDTA), gallic acid, quercitin, 2.2"’-Azino-bis (3-
ethylbenzenothiazoline 6- sulfonic acid) (ABTS), Folin-Ciocalteu reagent, Potassium
persulphate, potassium ferricyanide (K3;FeCNg), trichloroacetic acid (TCA), thiobarbituric
acid (TBA), Ferrozine, .ferrous and ferric chloride, Furosemide, DTNB(5-5’-dithiobis2-
nitrobenzoic acid), H,O,, n-butanol ,methanol. These chemicals were obtained from Sigma

Chemical Co. (St. Louis, MO), Fluka and Pro-lab Company.
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2. Methods

2.1. Preparation of plants extracts

Extraction of phenolic compounds was conducted as reported by Madoui et al. (2018). Aerial
parts of plants (100 g) were powdered, mixed with one liter of methanol-water solution (85:
15 v/v) and kept under agitation overnight at room temperature. The extract was filtered on
filter paper then on sintered glass to obtain the first filtrate. This procedure was repeated on
the residue using 50% aqueous—methanol under agitation for 4 hours to obtain the last filtrate.
The first and the last filtrates were combined then the crude extract (CrE) was further
concentrated by allowing it to stand in an oven at 40°C. The CrE was successively
fractionated with different solvents of increasing polarity; with hexane several times until a
clear upper layer of hexane (hexane extract, HXE). The lower layer was then extracted
successively with chloroform and ethyl acetate to obtain 3 fractions; chloroform (ChE), ethyl
acetate (EAE) and aqueous extracts (AQE) (Fig.6). All extracts were stored at -20°C until use.
Decoction (DEC) was carried out according to the protocol described by Ferreira et al.
(2013), with slight modifications. Briefly, the dried plants were sprayed using a grinder, then
50 g of the plant powder are added to 500 ml of extraction solvent (water). The mixture was
boiled continuous stirring for 20 minutes. Then, the water extract was filtered through
Whatman No. 4 filter paper and centrifuged at 3000 rpm for 15 min. Finally, the supernatant
obtained was dehydrated until a brown powder formed, which was stored in opaque bottles

until used.
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Figure 6. Diagram represents the process of extraction of phenolic compounds from A.scoparium and
H.sativus aerial parts.
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2.2.Determination of polyphenols,flavonoids and tannins content
2.2.1. Determination of total phenolic content

The Folin-Ciocalteu reagent is a mixture of phosphotungstic acid (H3;PW;,049) and
phosphomolibic (H;PMO;,049), it is reduced by phenols to a mixture of blue oxides of
tungsten (Wg0O,3) and molybdenum (MogO,3), (Agbor et al., 2014). The intensity of blue
color is proportional to the amount of phenolic compounds in the plant extracts. Total
phenolic compounds in A.scoparium |/ H.sativus extracts, were determined following
Boussoualim et al. (2016), with slight modifications. 0.1 ml of samples and standard was
mixed with 0.5 ml of Folin-Ciocalteu reagent (diluted 10 folds). After incubation for 4 min,
0.4 ml of sodium carbonate (Na,COs3) solution (7.5%) was added. After 1 h and 30 min of
incubation in the dark at room temperature, the measurement of the absorbance was affected
at 760 nm using a spectrophotometer thermo spectronic and the results are expressed as mg

gallic acid equivalent (GAE)/g of extract (Fig.7).
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Figure 7. Standard curve of gallic acid for the determination of total phenolic compounds in

various plant extracts. Each value represent mean = SD (n = 3).
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2.2.2. Determination of flavonoids Content

Total flavonoids content in each extract was estimated using the aluminum chloride
colorimetric method as described by Guemmaz et al. (2018). Flavonoids have a free hydroxyl
(OH) group at position 5, which react with the CO group to produce a colored complex with
chloride aluminum. The flavonoids form yellow complexes by chelating metals (iron and
aluminum) (Rani ef al., 2018). This reaction based to the release of two electrons of the metal
(Al) to react with two oxygen atoms of the phenolic molecules acting as an electron donor
(Petrou et al., 2018). Briefly, 1ml of diluted sample was mixed with 1 ml of 2% aluminum
chloride in methanol. After incubation at room temperature for 10 min, the absorbance was
measured at 430 nm and the flavonoids content was expressed in mg quercitin equivalent per
gram of dry weight (QE) (Fig.8).
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Figure 8. Standard curve of quercetin for the determination of flavonoids in various plant

extracts. Each value represent mean = SD (n=3).

2.2.3. Determination of tannin content
The capacity to precipitate hemoglobin was determined using bovine fresh blood according to
Bouaziz et al. (2014). Briefly, an equal volumes of each extract and hemolysed bovine blood

(absorbance = 1.6) were mixed. After 20 min, the mixture was centrifuged at 4000 rpm for 10

40



min, and the absorbance of the supernatant was measured at 756 nm. The results were

expressed as mg equivalent tannic acid per gram dried weight (mg TAE/g DW) (Fig.9).
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Figure 9. Standard curve of tannic acid for the determination of tannins in various plant

extracts. Each value represent mean + SD (n=3).

2.3. The evaluation of antioxidant activity in Vitro

2.3.1. DPPH radical scavenging activity

Quantitative measurement of DPPH is widely used due to relatively short time required for
the analysis. The DPPH (1, 1-diphenyl-2-picrylhydrazyl) free radical is very stable, reacts
with compounds that can donate hydrogen atoms, and has a maximum absorbance at 517 nm.
The method is based on the scavenging of DPPH by antioxidants, which upon a reduction
reaction decolorizes the DPPH methanol solution (Morabbi Najafabad and Jamei, 2014)

(Fig.10).
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Figure 10. Radical and non-radical forms of DPPH (Morandi Vuolo ef al., 2019)

The assay measures the reducing ability of antioxidants toward the DPPH radical. The method
was carried out as described by Aouachria et al. (2017), with slight modifications. In this
assay, the purple radical (picrylhydrazyl) is reduced by antioxidant compounds to the
corresponding pale yellow hydrazine (picrylhydrazine). 1250 ul DPPH (0.4 mM in methanol)
was mixed with 50 pl of extract. The reaction mixture was vortexed and left in the dark at
room temperature for 30 min. the absorbance was read at 517 nm. DPPH radical’s
concentration was calculated using the following equation:

DPPH radical scavenging activity (%) = (Ac — As/ Ac) x100

Where Ac: is the absorbance of the control.

Asg:. is the absorbance in the presence of the sample/ standard.

2.3.2. ABTS radical scavenging activity

The spectrophotometric measurement of ABTS' (2 2'-azino-bis3-ethylbenzothiazoline-6-
sulphonic acid) radical scavenging activity was determined according to Bouaziz et al.
(2014). This method is based on the ability of antioxidants to quench the long-lived ABTS
radical cation, a blue/green chromophore is formed with characteristic absorption at 734nm

(Fig.11).
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Figure 11. ABTS chemical reaction with antioxidant compound (Morandi Vuolo ef al., 2019)

In this assay, the radical cation was produced by reacting 2 mM ABTS in H,O with 2.45 mM
potassium persulfate (K,S,0s), stored in the dark at room temperature for 16 h. Before use,
the ABTS" solution was diluted with sodium phosphate buffer (0.1 M, pH 7.4) to get an
absorbance of 0.750 + 0.025 at 734 nm. Then, 2 ml of fresh ABTS" solution was added to 20
uL of extract solution in methanol at different concentrations. The percentage of inhibition at
734 nm was calculated for each concentration relative to a blank absorbance after 7 min. The
extent of decolorization is calculated as percentage reduction of the absorbance.

ABTS" scavenging effect (%) - (A— Ay)/ A * 100

Where Ac: is the absorbance of the control (ABTS);

As. 1s the absorbance in the presence of the sample/ standard.

2.3.3.p-Carotene/linoleic acid assay

Linoleic acid incorporated into B-carotene-linoleic acid bleaching acid is an unsaturated fatty
acid that is prone to oxidation and thus forms ROS or lipid radicals (Akanbi and Barrow,
2018). Formation of ROS will eventually trigger oxidation of B-carotene, which is a yellowish
color. In the presence of an antioxidant, the oxidation of B-carotene is inhibited and the
yellowish-orange coloration is retained (Amax = 470 nm) (Veronezi and Jorge, 2018). The
capacity of plant extracts to anticipate bleaching of  -carotene was evaluated as described by

Guemmaz et al., (2018). The antioxidant capacity is determined by measuring the inhibition
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of the conjugated diene hydroperoxides arising from linoleic acid oxidation. The solution
mixture of B-carotene-linoleic acid was prepared as follows: 0.5 mg -carotene was dissolved
in 1 ml of chloroform and 25 pl linoleic acid and 200 mg Tween 40. Chloroform was
completely evaporated, and then, 100 ml distilled water saturated with oxygen were added.
Into test tubes, 2.5 ml of reaction mixture were disbursed and 350 pul of the various extracts
with a same concentrations (2 mg/ml), were added and the emulsion was incubated at room
temperature for 48 h. The same procedure was repeated with synthetic antioxidant BHT as
positive control, and blanks (MeOH and H,0O). The measurement of absorbance of the
reaction mixture was effected after; 0, 1, 2, 4, 6, 24h at 490 nm. The antioxidant activity (AA)

was measured in terms of successful bleaching of B -carotene by using the following equation:
AA% = A sample / A BHT x 100

A sample: Absorbance in the presence of the extract.

A BHT: Absorbance in the presence of positive control BHT.

2.3.4. Reducing power assay

The ferric-reducing antioxidant power assay evaluates the reducing potency of the antioxidant
to react on ferric tripyridyltriazine (Fe’’~TPTZ) complex (Wang ef al, 2019). When
antioxidant donates a hydrogen atom to ferric complex, the radical chain reaction breaks and
produces blue-color ferrous Amax = 593 nm (Anand et al., 2018). The ability to reduce ferric
ions was measured according to the method described by Bencheikh et al. (2016). Briefly, 0.1
ml of each plant extract with different concentrations was mixed with an equal volume of
phosphate buffer (0.2 M, pH 6.6) and 1% potassium ferricyanide. After incubation for 20 min
at 50 °C, 0.25 ml of 10% trichloroacetic acid was added to the mixture and centrifuged at

3000 rpm for 10 min. Then 0.25 ml of the supernatant was added to 0.25 ml distilled water
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and 0.5 ml of ferric chloride (0.1%). The absorbance was measured to determine the amount

of ferric ferrocyanide (Prussian blue) formed at 700 nm against a blank.
2.3.5. Ion chelating assay

Ferrozine can quantitatively chelate with Fe*" and form a red colored complex. This reaction
is limited in the presence of other chelating agents and results in a decrease of the red color of
the ferrozine-Fe*" complex. Measurement of the color reduction estimates the chelating
activity to compete with ferrozine for the ferrous ions (Gayathri et al., 2017). The
measurement of the inhibition of the formation of Fe*" -ferrozine complex after the treatment
of various concentrations of plant fractions with Fe*", was performed according to Aouachria
et al. (2017). 0.25 ml aliquot of dissolved extract was added to 0.05 ml (0.6 mM) aqueous
FeCl, - 4H,0 and 0.45ml Methanol. After Smin, the reaction was initiated by the addition of
0.05 ml (5§ mM) ferrozine solution. After 10 min, the absorbance at 562 nm was recorded. The
control contained all the reagents except the extract or positive control. EDTA was used as a
positive control. The inhibition percentage of ferrozine-Fe** complex formation was

calculated using the formula:
Chelating activity% = ((A control — A sample)/A control)*100

ECsy values were calculated by linear regression analysis; linearity range between antioxidant

concentration and chelating activity.
2.3.6. Hydroxyl radical scavenging assay

Radical scavenging ability was assessed following the procedure described by khiter et al.
(2018). Hydroxyl radical is one of the potent reactive oxygen species in the biological system.
It reacts with polyunsaturated fatty acid moieties of cell membrane phospholipids and causes
damage to cell (Collin, 2019). The Principe of this method is based on the production of OHe

in the reaction medium through the reaction of Fenton, then the OH product reacted with
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sodium salicylate to produce the hydroxyl salicylate complex. The reaction mixture (3 ml)
contained 1 ml of FeSOy4 (1.5 mM), 0.7 ml of H,O, (6 mM), 0.3 ml of sodium salicylate (20
mM) and varying concentrations of plant extracts and standard. This mixture was incubated at
37°C for 1h, after which the absorbance of the hydroxylated salicylate complex was measured

at 562 nm. The percentage scavenging effect was calculated as follows:
Scavenging rate %= [1-(A1-A2)/A]*100

Where, Ay was the absorbance of the control (without sample) and A; was the absorbance in

the presence of the sample; A, was the absorbance without sodium salicylate.
2.3.7. Hydrogen peroxide scavenging activity

Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes directly,
usually by oxidation of essential thiol (-SH) groups (Banothu et al., 2016). Hydrogen
peroxide can cross cell membranes rapidly, once inside the cell, H,O, can probably react with
Fe**, and possibly Cu”" ions to form hydroxyl radical (Smirnoff and Arnaud, 2019). The
hydrogen peroxide scavenging assay was carried out following the procedure mentioned by
Khither et al. (2018). For this aim, a solution of H,O, (43 mM) was prepared in phosphate
buffer (0.1 M, pH 7.4). The plant extracts at different concentrations in 3.4 ml phosphate
buffer was added to 0.6 ml of H,O, solution (43 mM). The absorbance value of the reaction
mixture was recorded at 230 nm. Blank solution was containing the sodium phosphate buffer
without H,0O,. The percentage of H,O, scavenging activity of samples and standard

compounds was calculated using the following equation:
H,0, scavenging effect % - (A.— Ag)/ A * 100

Where, A¢ is the absorbance of the control and Agis the absorbance in the presence of the

sample or standards.
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2.3.8. Anti-hemolytic assay
a. The AAPH-induced hemolysis

Mice erythrocytes hemolysis inhibition was assessed according to the method described by
Guemmaz et al. (2018). The addition of AAPH (peroxyl radical initiator) to the mice
erythrocyte suspension induces the oxidation of cell membrane lipids and proteins, resulting
in hemolysis. Mice erythrocytes were isolated by centrifugation at 3000 rpm for 15 min and
washed three times with phosphate buffer (10 mM, pH 7.4) until the supernatant became
colorless. The erythrocytes were then diluted with phosphate buffer to give 2% (v/v)
suspension. Briefly, 80 pul of 2% erythrocytes suspension was added to 20 ul of extract (0.1
mg/ml). the mixture was treated then by 136 pl of AAPH (300 mM). The mixtures were
incubated in microplate with a 96-well at 37°C. The kinetics of the gradual disappearance of
erythrocytes was followed by the measurement of the decrease in absorbance at 630 nm.
Results were expressed as the time corresponding to 50% of maximal hemolysis (half-

hemolysis time, HTso in min). Ascorbic acid was used as standard.
b. ferrous ion-induced hemolysis

The effect of extracts on ferrous ion-induced hemolysis was evaluated according to
Thephinlap et al. (2013). Blood was obtained from mice collected in heparinized tubes and
centrifuged at 3500 rpm for 15 min. The Red blood cells (RBCs) were suspended in 10
volumes of NaCl (0.9%) and centrifuged at 2500 rpm for 10 min. RBC suspension was
incubated with 5 uM ferrous sulfate and various concentrations of the extracts at 37°C for 30
min. Hemolysis was determined by measuring the optic density (OD) of the supernatant at
540 nm. The reaction without extract was used as control sample. Percentage of anti-

hemolysis was calculated from following equation:

Inhibition % = (Ac-Ae)/Ac*100
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2.4. In vivo study

2.4.1. Acute Toxicity

Acute toxicity study was conducted according to guidelines 425 (OECD, 2008). Two groups
of five rats were used to determine the doses which will be used in vivo study. Crude extract
of A.scoparium (ASE) / crude extract of H.sativus (HSE) were administrated orally, the first
dose was 2000 mg/Kg, animals were observed if any sign of toxicity appears for 14 days. If
no mortality is observed at this dose, the same procedure will be repeated for the dose of 5000
mg/Kg. The results of this study permit to determine the doses which will be used in the in

vivo studies.
2.4.1.1. Observation

Animals were observed for 14 days after the administration of HSE. All mortalities, clinical
signs, time of onset, duration, and reversibility of toxicity were recorded. Body weight of each
animal was carefully recorded at the begging of the study, then once after every seven days

and on the day of sacrifice.
2.4.1.2. Plasma preparation and biochemical analysis

After 14 days, all surviving animals were fasted overnight and anesthetized. Blood was
collected in heparinized tubes and centrifuged at 3000 rpm for 15 min. The serum was
separated and analyzed for various biochemical parameters such as creatinine, urea,
cholesterol, HDL, LDL, triglyceride, aspartate aminotransferase (AST), alanine

aminotransferase (ALT) and alkaline phosphatases (ALP) using commercial kits.
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2.4.1.3. Organs weight

Organs; liver, spleen, kidneys, heart, lungs and stomach were quickly removed and weighed.
The relative organ weight of each animal was then calculated relating the absolute organ

weight and body weight of the animal on the day of sacrifice.
2.4.1.4. Histological analysis

Liver and kidneys were fixed in 10% formol and embedded in parrafin. Sections at 5 pm were
stained with hematoxylin and eosin and examined under light microscopy. The analyses of the
different organs (liver, kidneys) were performed using an Optika B5S00T i-5 microscope (10
and 40x%) in order to verify alterations in the tissues. Digital images were obtained using the
Optika camera associated to the microscope, and all the images were analyzed using the

image processing software, Optika Vision Pro.
2.4.2. Hepatoprotective assay

According to the method described by Aichour et al. (2018), the in vivo hepatoprotective
action of HSE was determined using CCls-induced hepatic injury. Groups of rats received the
respective dose of extract orally once day for 7 consecutive days. After 24 h, the
administration of CCly (2 ml/kg, intraperetentially) was performed one hour after the last dose
on day 7. Twenty four hours after the hepatic lesion induction, the animals were anesthetized
using diethyl ether and blood samples were collected for biochemical parameter

determination.

2.4.2.1. Histopathological studies

The liver tissue was removed and immediately fixed in formalin (10%) for 24 h, dehydrated
using a graded ethanol, cleared with xylene, and then embedded in paraffin. The paraffin

sections were cut into 5-pum thick slices using a microtome (Leica RM2125RT), and stained

49



with hematoxylin and eosin. In the final step, the sections were observed under an optical

microscope (Leica DM LB 2) and then photographed.

2.4.2.2. DPPH radical-scavenging activity of plasma

The capacity of plasma to trap the DPPH radical was evaluated according to Guemmaz ef al.,
(2018), while being based on the same principle as that of the test of DPPH carried out
previously in vitro. Briefly, a volume of plasma was added to DPPH methanolic solution
(0.004%). After 30 min of incubation in the darkness followed by a centrifugation, the

absorbance of the supernatant was measured at 517 nm.

2.4.2.3. Reducing power assay

The reducing power was determined according to Bencheich et al. (2016). Briefly, 125 ul of
sodium phosphate buffer (0.2 M and pH 6.6) and 125 pl of potassium ferricyanide (1%) were
added to an equal volume of plasma. Mixtures were incubated at 50°C for 20 min, and then
125 pl TCA (10%) was added, the mixtures were centrifuged (3000 rpm for 10 min). The
supernatant solution (100 pl) was mixed with 100 pl of distilled water and 20 pl of 1% ferric

chloride to react for 10 min. Subsequently, the absorbance was measured at 700 nm

2.4.2.4. Preparation of tissue homogenates

Livers were washed and homogenized in ice-cold KCI (1.15%) with a ratio of 1/10, using
electric homogenizer. Homogenates were centrifuged at 5000 rpm for 15 min at 4°C; the
resulting supernatant was used for the determination of catalase activity, malondialdehyde

(MDA) and glutathione contents in liver.

2.4.2.5. Determination of Catalase activity

Catalase (CAT, E.C.1.11.1.6) activity was measured according to Aouachria et al. (2017).
The elimination of hydrogen peroxide in the presence of catalase was followed by the

decrease in absorption of peroxide solution in the ultraviolet (UV) region. Briefly, 0.1 ml of
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supernatant was added to 1.9 ml of 50 mM phosphate buffer (pH 7.0). The reaction was
started by the addition of 1.0 ml of freshly prepared H,O, (30 mM). The rate of decomposition
of H,O, was measured at 240 nm in an interval of 30 seconds at room temperature. Catalase

activity was expressed as Ul/mg protein.
2.4.2.6. Estimation of glutathione content

The estimation of reduced glutathione (GSH) was carried out as described by Bentahar et al.
(2016) with slight modifications. The mixture of the homogenate and TBA (20%) with equal
volume was centrifugation for 10 min at 2000 rpm. The supernatant (200 pl) was added to 1.8
ml of the Ellman's reagent (5, 5'-dithio bis-2-nitrobenzoic acid) (0.1mM), which was prepared
in 0.3M. The absorption of solutions was measured at 412 nm against blank. Absorbance
values were compared with a standard curve from known GSH (0.4-20 umol/ml) .Reduced

glutathione was expressed as pmol/ g tissue.
2.4.2.7. Estimation of MDA

The Lipid peroxidation in liver homogenate was determined by measuring the amounts of
malondialdehyde (MDA) produced, according to the method described by Zerargui et al.
(2015). Tissue homogenate (125 pl) was mixed with TCA (125 pul, 20%) and TBA (250 pl,
0.67%) and then heated in a water bath at 100°C for 15 min. After incubation, the tubes were
cooled by raining the cold water, and MDA-TBA complex was extracted with 1 ml of butanol
and centrifuged at 3000 rpm for 15 min. The upper organic layer was taken and its absorbance

was measured at 532 nm against an appropriate blank.
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2.4.3. Xylene induced ear edema

NMRI mice were divided into four groups of six animals each. Animals were treated orally
with the extract (100, 200 and 400 mg/kg), Aspirin (1 mg/kg) and distilled water (3
ml/kg).one hour and thirty minutes later, edema was induced in each mouse group by
applying a drop of xylene to the inner surface of the right ear. After 15 min, the right ears
were sized. The anti inflammatory activity was expressed as the percentage inhibition (Ma et

al., 2017) of edema in the treated mice in comparison with the control mice.
2.4.4. Ethanol- induced ulcer Gastric

Ulceration was induced in 24 hours starved rats using the method described by Almasaudi et
al. (2016). The rats were given the plant extract at the doses of 50,150 and 300 mg/kg orally;
the positive controls received ranitidine at dose of 50 mg/kg, while negative control received
distilled water. One hour 30 minutes after drug treatment, 1 ml of ethanol at 75% was given
orally to each rat. Rats were killed 1 hour later using an over dose of ether, and the stomach
was removed, washed and elongated on a cork board and observed for ulcers in the glandular
region. The surface area of each lesion was measured and scored as described by Sistani
Karampour ef al. (2019). The ulcer index for each rat was taken as the mean ulcer score. The
percentage ulcerated surface was calculated as the total area covered by all lesions expressed
as a proportion of the total corpus mucosal surface area. The percentage of inhibition of ulcer

(IU %) was calculated using the following formula:
[U%= (USc —USt)*100 / USc

Where, USc = ulcer surface area of control and USt = ulcer surface area of test animal.
2.5. Statistic Analysis

Results were expressed as mean + standard deviation. Statistical analysis for in vitro results
was undertaken using student test and results were expressed as mean + standard deviation
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(SD). The differences between groups were determined by analysis of variance one-way
ANOVA followed by Dunnett's test. The pharmacological results were presented as mean =
standard error of mean (SEM). All results were analyzed using GraphPad Prism version 5.00.

Differences were considered significant at p < 0.05.
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1. Extraction yield

The maceration of 100 g of Arthrophytum scoparium and Halogeton sativus aerial part
powder in 1L of hydromethanolic mixture (85/15 v/v) was carried out in two steps according
to Madoui et al. (2018). The first one is to give the crude extract (total polyphenols). The
second step is used to separate the crude extract compounds according to their solubility in
solvents and their glycosylation degree. For this the crude extract was displayed to solvents
with increasing polarity. Five extracts were obtained: crude extract (CrE), hexane extract
(HxE; contains mainly lipids), chloroform extract (ChE; contain mainly aglycone flavonoids)
ethyl acetate (EAE; glycoside flavonoids) and aqueous extract (AQE; contain proteins and
other substances) (Markham, 1982). Extraction yield is shown in Table 2, for aqueous
decoction of A.scoparium and H.sativus were found to be in order of 19.15 % and 6.71%

(w/w) in term of dry weight.

Table 2. Extraction yields of Aerial parts of plants extracts.

Extract A. scoparium H. sativus
CrE 2.06% 15.47%
ChE 0.25% 1.17%
EAE 3.16% 4.91%
AQE 4.9% 4.85%
DEC 19.15% 6.71%

An extraction technique is that which is able to obtain extracts with high yield and with
minimal changes to the functional properties of the extract. Many researchs have demonstrate
variations in the biological activities of extracts required using different extraction techniques.
The extract ability of solvents depends mainly on the solubility of the compound in the
solvent (Dhanani et al., 2017). The major factors affecting the choice of solvent are quantity
and quality of phytochemicals to be extracted, the rapid physiologic absorption of the extract,

and toxicity of the solvent in the bioassay process (Velavan, 2015). The efficiency of aqueous
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extraction increases with temperature because the high-temperature water causes disruption of
cells which promote penetration and solubilization of the solvent molecules (Guettaf et al.,
2016). Higher extraction yield of water might be due to the fact that water has the ability to
dissolve polar as well as nonpolar molecules and some impurities (like carbohydrate and

protein) (Mujtaba et al., 2016).

2. Total phenolics, flavonoids and tannins content in plants extracts

Secondary plant metabolites represent major groups of plant constituents that work
predominantly as antioxidants or scavenger of free radicals. In this study, the amounts of total
phenolics, flavonoids and tannins in 4.scoparium and H.sativus extracts were carried out. The
total phenolics in extracts were determined according to Folin-Ciocalteu method using gallic
acid as a standard. Whereas, the flavonoids content was estimated by the AICl; method and
expressed as milligram of qurcetin equivalents per gram of extracts. The results in Table 3
showed that 4. scoparium DEC contain the highest amount of phenolic compounds (23.29 +
1.01 mg GAE/g E), flavonoids (99.77 = 0.18 mg QE/g E) and tannins amount (113.33 + 0.08.
mg TAE/g E). Whereas, in H.sativus it was found that EAE contained the biggest amount
of phenolic, flavonoids and tannis compounds with (257.58 = 0.52 mg GAE/g E),(149.55 +

1.67 mg QE/g E) and (126.41 + 0.46mg TAE/g E), respectively.
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Table 3. Phenolic, flavonoid and tannins content of plants extracts.

A.scoparium H.sativus

Extract Polyphenols mg  Flavonoids mg Tannins Polyphenols mg  Flavonoids Tannins

GAE/g DW QE/g DW mg TAE/gDW | GAE/g DW mg QE/g DW mg TAE/g DW
CrE 18+ 1.6 83.11+0.8 93.63+ 0.6 193.75+0.25 78 +0.66 109.5 £0.16
ChE 21.30+0.4 95.94+£0.8 68.33+£0.9 147.57+0.52  63.55+1.01 117.91 £0.28
EAE 3.83+0.36 7.88 £0.42 51.77+0.4 257.58 £0.52 149.55+1.67 126.41 +£0.46
AQE 20.74+ 0.3 19.16 £ 0.1 2497+ 0.8 41.91+£0.62 76.22 £1.01 97.05+£0.12
DEC 2329+ 1.01 99.77+ 0.1 113.33+£0.08 229.83+0.94  61.55+1.38 123.83 +£1.69

Each value represents the mean + SD (n = 3). GAE: gallic acid equivalent. QE: quercetin equivalent. TAE:
tannic acid equivalent. CrE: crude extract. ChE: chloroform Extract. EAE: ethyl acetate extract. AQE: aqueous

extract. DEC: decoction.

The comparison between the amount of phenolic compounds in A.scoparium, H.sativus,
Atriplex halimus and Anabasis articulata showed that the content found for the two plant
extracts in our study were higher than those of Atriplex halimus and Anabasis articulata
(Belyagoubi-Benhammou et al., 2014). The differences in total phenolic contents could be
due to geographical and environmental variations (climate, location, temperature...),
processing methods and other intrinsic and extrinsic factors (genetic, extracting solvent,
development stage) (Aryal et al., 2019). The Phenolic compound are more soluble in polar
organic solvents due to the presence of a hydroxyl group, morever the genetic diversity,
biological and environmental factors could be affected the amount of flavonoids of plants

(Kumar and Roy, 2018).
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3. Antioxidant activity of A.scoparium and H.sativus extracts

3.1. In Vitro Antioxidant Activity

3.1.1. DPPH-scavenging assay

1, 1 Diphenyl 2- Picryl Hydrazyl is a stable free radical with purple color which turns yellow
when scavenged. Antioxidants react with DPPH and reduce it to DPPH-H and as consequence
the absorbance decreases. The degree of discoloration indicates the scavenging potential of
the antioxidant extracts or compounds in terms of hydrogen donating ability. The scavenging
ability of the extracts was expressed as ICs value, where the DPPH scavenging activity of the

extracts is presented in Fig.12.
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Figure 12.1Cs values of A.scoparium and H.sativus extracts in DPPH free radical scavenging

activity. Data were presented as means + SD (n = 3) compared to BHT as Standard.

Results showed that all extracts exhibited an important activity in scavenging DPPH radicals
(Fig.12). For A.scoparium, the CrE exhibited the highest radical scavenging activity with ICsg
= 0.015 £ 0.005 mg/ml. whereas, the highest radical scavenging activity for H.sativus was
exhibited by EAE with ICsy = 0.014 + 0.0027 mg/ml. These results were comparable to BHT
(0.018 £ 0.002 mg/ml) used as standard. The results reported by Belyagoubi-Benhammou et
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al., (2008) showed that ethyl acetate fraction of A. halimus pocess a radical scavenging effect
against DPPH (ICso = 2.04 mg/ml). These capacities could be attributed to the abundance of
flavonols (kaempferol, quercrtin) which constitute the main class of A#riplex species (Bylka et
al., 2001). Because of the difference in amounts of total phenolic and flavonoids contents,
antioxidant activities are more variable between species of plants (inter-species) than within
the same species (intra-species) (Podio et al., 2015). The antioxidant effect of plant extract is
likely related to the amount of polyphenols present, and may also differ depending on the
quality of polyphenols and flavonoids (Podio ef al., 2017). The mechanism of the reaction
between the antioxidants and DPPH depends on the structural conformation of the
antioxidant. DPPH radical can be influenced by the structural characteristics of the
antioxidant molecule wich leading to the reduction of DPPH number equal to that of the

hydroxyl groups present in the antioxidant compound (Baroni ef al., 2018).

3.1.2. ABTS radical cation decolorization assay

ABTS assay is a decolorizing assay, which involves the direct radical into monocation, which
has a long wavelength absorption spectrum without involvement of any intermediary radical
(Chaput et al., 2016). The low ICs, value indicates strong ability of the extract to act as ABTS
scavenger. The results shown in Fig.13 revelated that all plant extracts are effective as ABTS
radical scavenger. Similar to DPPH assay, the CrE and EAE exhibited the highest radical
scavenging activity with I1Csy of 0.0066 = 0.0003 mg/ml and 0.0042 £ 0.0004 mg/ml for

A.scoparium and H.sativus, respectively.
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Figure 13.1Csy values of A.scoparium and H.sativus extracts in ABTS radical
scavenging activity. Data were presented as means + SD (n = 3) compared to BHT as

Standard.

The results obtained from the present study revealed that CrE and EAE for 4.scoparium and
H.sativus exhibited the strongest antioxidant activity in ABTS assay superior to the results
found for Atriplex hamilus extracts (Belyagoubi-Benhammou et al., 2014). The high radical
scavenging activity of polyphenols can be attributed to their high degree of hydroxylation of
aromatic rings, the arrangement of the hydroxyl group, as well as the number of galloyl group

and ortho-hydroxyl groups, on benzene nucleus structure (Ghedadba et al., 2015).

3.1.3. B-Carotene / Linoleic Acid Assay

The test of B-carotene bleaching consists on inhibition of lipid peroxidation by donating a
hydrogen atom. The occurrence of biomolecules with antioxidant potential can prevent -
carotene bleaching by neutralizing the linoleate free radicals (Guettaf et al., 2016). H. sativus
extracts exihibited a significant antioxidant activity as represented in Fig.14 and Fig.16. The
order of decreasing of antioxidant activity was EAE (99.12 +0.41%) followed by CrE (91.73
+ 0.9%), DEC (89.54+ 1.2%) and ChE (83.89 + 1.2%)), respectively. As shown in Fig.14 and
Fig.15, all A. scoparium extracts inhibit the oxidation of B-carotene in important level

compared to BHT (97.35%). CrE is the best inhibitor of B-carotene oxidation within 24 hours
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(69.35 £ 0.32 %), followed by DEC, EAE and ChE; 67.12 + 0.37 %, 60.58 + 0.18% and 56.96

+ 0.11%), respectively.
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Figure 14.The changes in the percentage of the inhibition of linoleic acid oxidation using

A.scoparium and H.sativus extracts. BHT was used as reference antioxidant. Values are

means = SD (n = 3) compared to BHT as standard.
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Figure 15.Antioxidant activities of 4.scoparium extracts measured by -carotene bleaching

method, compared to BHT as a positive control during 24 h. CrE: crude extract, ChE:

chloroform extract, EAE: ethyl acetate extract. AQE: aqueous extract, DEC: decoction.
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Figure 16.Antioxidant activities of H.sativus extracts measured by [-carotene bleaching
method, compared to BHT as a positive control during 24 h. CrE: crude extract, ChE:

chloroform extract, EAE: ethyl acetate extract. AQE: aqueous extract, DEC: decoction.

The bleaching kinetics of B-carotene is due to the radical scavenging of hydroperoxides
formed during the peroxidation of linoleic acid and the inhibition of linoleic acid peroxidation
(Soccio et al., 2018). The inhibition of lipid peroxidation is due to a strong occurrence of
phenolic compounds such as, phenols, saponins, terpenoids and specially flavonoids and
tannins. In fact, flavonoids are accounted for its free radical as well as antioxidant activity

(Malki et al., 2017).

3.1.4. Reducing Power

The transformation of ferric iron to ferrous iron was determined as reducing capacity. The
reducing capacity of polyphenols may represent an indicator of electron-donating activity,
which is an important mechanism of phenolic antioxidant action, and can be strongly
correlated with other antioxidant properties (Benchikh et al., 2018; Cianciosi ef al., 2018). As

shown in Fig.17, For 4. scoparium, CrE exhibited the best reducing power with ECs value of
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0.43 £ 0.003 mg/ml. While, for the second plant the EAE was the best for reducing power
potent with ECsp = 0.092 £+ 0.006 mg/ml, even beter than BHT (ECso= 0.18 &+ 0.020 mg/ml)
as standard. The results obtained by Benhammou et al., (2014) showed that the ethyl acetate

extract of 4. halimus exhibited an interesting antioxidant activity to reduce iron.
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Figure 17. ECs, values of A.scoparium and H.sativus extracts in reducing power assay. Data were
presented as EC50 means £ SD (n = 3) compared to vitamin C as standard. CrE: crude extract, ChE:
chloroform extract, EAE: ethyl acetate extract, AqE: aqueous extract, DEC: decoction.

The presence of phenolic compounds in these extracts may be explained there reducing
power. Relations between Fe'™ reducing activity and total phenol content have been reported
in the literature (Madoui et al., 2018). There might be possibility of synergism with other
active constituents, which are nonphenolic in nature. Moreover, the lack of correlation
between ECsy and flavonoids content may be linked to the assumption that most of the
flavonoids were in their glycoside forms and thus less effective compared to the aglycone

forms (Anwar et al., 2013).

3.1.5. Ferrous ion chelating activity

The metal chelating capacity is important, since it reduces concentration of the catalyzing
transition metal in lipid peroxidation to generate the first few radicals and initiate the radical

mediated oxidative chain reactions in biological systems. It has been reported that the
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chelating agents form bonds with a metal are effective as secondary antioxidants because they
reduce the redox potential (Apak et al., 2016). The present study revealed that all extracts
from A.scoparium and H.sativus showed chelating activity as demonstrated by their effect to
inhibit the formation of Fe*" ferrozine complex. As shown in Fig.18, A.scoparium extracts
showed chelating activity in the following decreasing order; CrE (ICso = 0.16 £ 0.04 mg/ml )
> DEC (ICsp = 0.24 + 0.003 mg/ml) > EAE (ICso=0.31+ 0.13 ) > AQE (ICso = 0.34 = 0.001
mg/ml) > ChE (ICso = 1.25 = 0.04 ).whereas, the EAE from H.sativus showed an excellent
chelating activity on ferrous ions with ICsy = 0.05+ 0.017 mg/ml. From these results, we can
deduce that CrE and EAE of the two plants had an important activity even far superior to that

of EDTA (ICso = 0.49 + 0.002 mg/ml).
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Figure 18. The ICs, values of ferrous iron chelating activity of A.scoparium and H.sativus and EDTA.
Values were expressed as mean £+ SD (n = 3). CrE: crude extract, ChE: chloroform extract, EAE: ethyl
acetate extract, AQE: aqueous extract, DEC: decoction, EDTA: ethylenediamine tetraacetic acid.

According to the literature, several studies demonstrated that the polyphenols and flavonoids
can be excellent chelators for iron and copper with a certain structure and functional groups
(Papuc et al., 2017). Catechol moieties and combinations of hydroxyl and carbonyl groups
present in polyphenols with high affinity for metal ions; however, large differences have been

observed in the metal-chelating capacity of different polyphenols (Halake et al., 2018).
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Furthermore, it was reported that the compounds with structures containing two or more of
the following functional groups: — OH, —SH, -COOH, —PO;H,, —C=0, —NR;, —S— and —O—

have a pronounced metal chelating activity (Freyssin ef al., 2018).

3.1.6. Hydroxyl Radical-scavenging Assay

Hydroxyl radical is one of the potent reactive oxygen species. In the biological system, It
reacts with polyunsaturated fatty acid of cell membrane and causes damage to cell. In the
biological systems, It is central to the toxicity produced by ROS as it reacts and inactivates or
disrupts proteins, lipids, DNA, and RNA (Wojnarovits ef al., 2018). The antioxidants act as a
major defence against radical mediated toxicity by protecting the damages caused by free
radicals. They mainly function as free radical scavengers, chain breaking antioxidants, metal
chelators, reducing agents, oxidative enzyme inhibitors and quenchers of singlet oxygen.
(Tijani et al., 2018). The studied extracts showed an important anti-radical effect which is
positively related to their amount of total phenolic and flavonoids contents and this might
be due to their active hydrogen donor ability of hydroxyl substitution (Lupu and Cremer,
2018). The sequence for A. scoparium for this radical scavenging activity, as shown in Fig.
19, was as follows in a decreasing order: CrE (ICsp = 0.022 + 0.013 mg/ml) > AQE (ICsy =
0.046 + 0.004mg/ml) >ChE (ICsp = 0.051 £ 0.002 mg/ml). For H. sativus, it was found that
the EAE recorded the highest hydroxyl radical scavenging effect with 1Csp = 0.026 =+

0.001mg/ml.
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Figure 19. ICs, values of different plants extracts in hydroxyl radical scavenging activity. CrE: crude
extract, ChE: chloroform extract, EAE: ethyl acetate extract, AQE: aqueous extract, DEC: decoction.
Data were presented as ICsy means + SD (n = 3) compared to vitamin C as standard.

Polyphenols and flavonoids may act as antioxidants with two mechanisms: prevention of
initiation of oxidation, or as chain breaking antioxidants. Prevention of initiation of oxidation
occurs by inhibiting superoxide anion production, degrading hydrogen peroxide and chelating
or reducing metal ions, while chain breaking antioxidants act by scavenging radicals, mostly
hydroxyl radicals, thereby inhibiting the chain of oxidative events that leads to damage of

lipid membranes, proteins and DNA (Singh et al., 2014; Santos-Sanchez et al., 2019).
3.1.7. Hydrogen peroxide scavenging activity

Hydrogen peroxide itself is not very reactive, but it can sometimes be toxic. Hydrogen
peroxide is a weak oxidizing agent that inactivates a few enzymes directly, usually by
oxidation of essential thiol-groups (- SH). It can cross cell membranes rapidly; once inside the
cell, it can probably react with Fe?" and possibly with Cu?" ions to form hydroxyl radicals and
this may be the origin of many of its toxic effects (Ngonda et al., 2013; Mailloux, 2018).AS

represented in Fig.20, results showed that the strongest scavenging effects were registered
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with DEC extract and CrE of 4. scoparium and H. sativus with 1C5;=0.29 £+ 0.002mg/ml and

IC50=0.19 £ 0.03mg/ml, respectively.
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Figure 20. The ICs( values of H,O, scavenging activity of 4.scoparium and H.sativus. Values
were expressed as mean = SD (n = 3). Crude extract, ChE: chloroform extract, EAE: ethyl

acetate extract, AQE: aqueous extract, DEC: decoction.

According to literature, many studies demonstrate the positive relation between total phenols
and H,O, scavenging activity appears to be the trend in many plant species (Ruskin et al.,
2017), the present study revealed a significant correlation between both total phenols and
flavonoids contents and ICsy of H,O, scavenging activity suggested that phenolics compounds

were responsible for this antioxidant activity.
3.1.8. Anti-hemolytic assay
a. AAPH induced hemolysis

Erythrocytes are considered as major target for the free radicals owing to the presence of both
high membrane concentration of polyunsaturated fatty acids (PUFA) and the oxygen transport
associated with redox active hemoglobin molecules, which are potent promoters of activated

oxygen species (Belcher et al., 2016 ; Kuhn et al., 2017). AAPH is a peroxyl radical initiator
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that generates free radicals by its thermal decomposition and will attack erythrocytes, to
induce the chain oxidation of lipid and protein, disturbing the membrane organization and
eventually leading to hemolysis (Ramchoun et al., 2015). In the present study, all extracts of
A. scoparium and H. sativus exhibited potent anti-hemolytic activity and revealed important
values of HTsp, among which DEC and CrE of studied plants displayed the highest anti-
hemolytic effect within the concentration range used (0.125 to 1 mg/ml) and they were
significantly superior than aspirin (HTso = 118.32 + 1.13 min) as positive standard (Tables 4

and Table 5).

Table 4. The HTs values of A. scoparium anti-hemolytic activity of, control and aspirin.

A. scoparium HTsy (min)

C (mg/ml) | 1 0.5 0.25 0.125

Aspirin 11832+ 1.13 / / /

Control 85.40 £1.44 / / /

CeE 136.6+0.96 " 13091+ 1.117 112.80 + 1.05™ 109.20 + 0.25™
ChE 122.93 +0.96™ 112.54 +1.24™ 99.53 +0.51"" 98.50 + 0.43™"
EAE 118.45+0.73 ™ 115.63 +0.96 ™ 114.10+0.16 ™ 108.01 +0.81°
AQE 13521 £ 1.257° 12925 + 1.527"° 11891+ 022™ 10235+ 157
DEC 164.18 = 1.207" 13218 £ 1.157° 13095+ 144 11823 + 02™

Values were expressed as mean = SD (n = 3). (**p < 0.001, ***p < 0.0001, ns : non significant). CrE: crude

extract, ChE: chloroform extract, EAE: ethyl acetate extract, AQE: aqueous extract, DEC: decoction.
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Table 5. The HTs values of H. sativus anti-hemolytic activity, control and aspirin.

H.sativus HT 5o (min)
C (mg/ml) | 1 0.5 0.25 0.125
Aspirin | 118324 1,13 / / /
Control | g5 40 +1.44 / / /
CrE 147031627 13435+1.5 125.42+0.28" 116.56 + 1.2
ChE 127.65+ 1.04™ 11836 +1.11°" 11533 +0.61" 114.99 + 1.17°
EAE 133.16+1.4™ 118.03+1.28™ 117.04+0.58 105.641 +0.21"
AQE 12375 £ 1.5 117.16 + 0.81™"  109.32+ 122™ 10135+ 0.67
DEC 12124 £ 0817 11813 = 1.1177°  117.62+ 0.82""  104.56 = 0.79™

Values were expressed as mean = SD (n = 3). (**p < 0.001, ***p < 0.0001, ns : non significant). CrE: crude

extract, ChE: chloroform extract, EAE: ethyl acetate extract, AQE: aqueous extract, DEC: decoction.

Our results indicated that there is a significant positive correlation between total phenolics
content and HTs, of anti-hemolytic activity. Peroxyl radicals attack erythrocyte membrane
components, such as proteins and lipids, causing changes in their structure and function,
which may result in hemolysis. Recent study showed that antioxidant compound can protect
both hemoglobin degradation and erythrocyte membrane during AAPH-induced hemolysis.
The flavonoids and the widely distributed subgroup of polyphenols had beneficial effect on
the erythrocyte membrane stability, where its can be incorporated into the erythrocyte

membranes. (Ramchoun et al., 2015; Lins et al., 2018).

b. FeSO4-induced hemolysis

Inhibitory effect of extracts on ferrous ion induced hemolysis was illustrated in Fig.21. The
present study tested the effect of the extracts on human red blood cells (RBCs). All extracts
exhibited satisfactory inhibitory properties against hemolysis at low concentration. The 4.

scoparium CrE inhibited hemolysis with 88.57 £ 0.099% followed by ChE and EAE.
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Whereas, the maximum anti-hemolytic activities of H. sativus was registered with EAE

(69.55 + 0.34%) followed by DEC.
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Figure 21.Inhibition percentage values of A.scoparium and H.sativus in antihemolytic activity using
FeSO,. Data were presented as means + SD (n = 3) compared to ViT C as standard.

The Erythrocyte contains a conjugate protein in the form of hemoglobin wich it main
function is the binding and releasing oxygen and carbon dioxide. The membrane of RBC
helps in maintenance of structure of erythrocytes. RBCs as oxygen carriers are continuously
exposed to high oxygen tension. Oxidative stress, which decrease the antioxidant capacity,
irreversibly damages erythrocytes, resulting in their eventual damage by hemolysis and their
removal by circulation (Nematbakhsh et al., 2013; Maurya et al., 2015), The red blood cell
membrane contains high amount of polyunsaturated fatty acids, they are vulnerable to
oxidative stress. The erythrocyte membrane is rich in phosphatides containing proteins
present outside the membrane. The proteins present in the outer membrane are easy target for
free radicals which results in the formation of MDA. Increased MDA level results in
alterations of the cell membrane polarity, charge sharing across lipid phase surface and
oligomer formation (Taher et al, 2013; Rocha et al., 2015). The abilities of extracts to

scavenge free radicals and bind iron were further confirmed by inhibition of ferrous ion-
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induced hemolysis (Mladenov et al., 2015). The binding of polyphenols to RBC membrane
matrix, in close proximity to tryptophan residues, results in inhibition of lipid peroxidation

and subsequent antihemolytic activity (Krishna ef al., 2018).

3.2. In vivo study

3.2.1. Acute Toxicity

According to OECD guideline 425, the present study was performed. The observations of
animals after treatment with the extract revealed that the ASE and HSE did not cause any
changes in animal behavior during the study period. Moreover, no mortality was registered
during 14 days of treatment. This means that the LDs, is higher than 5000 mg/kg BW. The
body weight increased gradually throughout the study period. Statistical analysis of body
weight did not reveal any significant difference between treated and untreated animals (Fig.

22).
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Figure 22. Increase in Body weight of rats treated orally with A.scoparium and H.sativus. Values were
expressed as mean + SD, n= 5 animals/group.



3.2.1.1. The effect of treatment with ASE and HSE on relative organ weights of rats

The treatment of animals with pharmacological doses of ASE and HSE did not produce any
significant changes in relative weight of the different organs: heart, lungs, stomach, liver,

kidneys and spleen (Table 6).

Table 6. Relative organs weight of rats treated with ASE and HSE.

Groups Control ASE 2g/kg BW  ASE 5g/kg BW  HSE 5g/kg BW  HSE 5g/kg BW

Heart 2.76 £0.07 340+0.42™ 3.30+0.089 ™ 3.47+0.06™ 3.68+0.098 ™
Lung 6.75 £ 0.89 9.67+0.65™ 839+£1.26™ 7.16+0.24™ 891+0.97™
Stomach 6.724+0.22 7.54+1.44™ 6.84 £041™ 6.86+0.47™ 7.81+1.53™
Liver 37.07+2.62 38.25+447™ 34.03+243™ 3595+£2.75™ 40.10+4.76 ™
Kidney 5.31+0.33 7.10+£0.76 ™ 6.38+045™ 63+£032" 7.43+0.39™

Spleen 3.19+£0.22 475+2.48™ 345+033"™ 445+247"™ 3.63+1.22™

Values expressed as mean+SD (n=5). ns: non significant compared to control group values.
3.2.1.2. Effect of plant extract on some biochemical parameters.

The evaluation of some biochemical parameters; AST, ALT, ALP, urea, creatinine, total
cholesterol, HDL, LDL and Triglycerides indicates that there were no significant differences

between treated and untreated animals (Fig. 23).

The most frequently and specific indicators of hepatic damage are the activity of amino-
transferase, which represent a markers of hepatocellular necrosis. Moreover the general
increase in these enzymes in the plasma is linked to pathologic changes in cell membrane
permeability or hepatic cell interruption (Orji et al., 2016). ALP plays two major roles: in
phosphate metabolism and in the prevention of the external membrane from damages
(Toshimi and Keiichi, 2019).In the present study (Fig. 23), no changes in ALT, AST and ALP
activities suggest that the oral administration of ASE and HSE extracts did not alter the

hepatocytes function.
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Figure 23. Biochemical parameters of control and rats treated with ASE and HSE measured during the
acute toxicity. (A): hepatic profil, (B)urea, (C)creatinine, (D) lipidic profil. Values were expressed as
mean = SEM (n = 5). (ns: no significant). ALT: alanine aminotransferase, AST: aspartate
aminotransferase, ALP: alkaline phosphatases, TC: total cholesterol, TG: triglyceride.

The liver is the site of cholesterol degradation and its major site of synthesis (Afonso ef al.,
2018). In the same perspective, the liver also controls glucose synthesis and generates free

glucose from hepatic glycogen stores (Petersen et al., 2017). As no significant changes were

observed in lipidic profil in this study, this suggests that ASE and HSE extracts have no
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effects on the lipid metabolism of the rats treated. There was also no significant change in
urea and creatinine, between the treated groups and the control group. Creatinine is
nitrogenous end products of metabolism removed from the blood by the kidneys (Seki et al.,
2019). It is the most commonly used serum biomarkers of renal damage (den Bakker ef al.,

2018).

3.2.1.3. Effect of traetment with ASE and HSE on hepatic and renal tissue

(A) Liver section of rats treated with ASE 2g (x100)  (B) Kidney section of rats treated with ASE 2g (x100).

(C) Liver section of rats treated with ASE 5g (x100) (D) Kidney section of rats treated with ASE 5g (x100)

1

(E) Liver section of rats treated with HSE 2g (x100)  (F) Kidney section of rats treated with HSE 2g (x100).

H

(G) Liver section of rats treated with HSE 5g (x100) (H) Kidney section of rats treated with HSE 5g (x100).

Figure 24. Sections of liver and Kidney tissues of rats treated with ASE and HSE. CV: central
vein. PV: portal vein.
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The observation of histological sections of the liver and kidneys of treated rats with plants

extracts showed a preservation of the cellular architecture of the two organs.

3.2.2. Hepatoprotective assay

3.2.2.1. Effect of ASE and HSE on biochemical parameters in CCls-induced
hepatotoxicity

The evaluation of urea and creatinine levels indicates that there were a significant difference
(p<0.0001) between treated animals with ASE/HSE, ViT C and treated rats with CCly. There
was also a significant decrease regarding AST and ALT levels for treated animals compared

to group treated with CCl, (Fig.25).

Some enzymes such as ALT,AST and ALP can be used as sensitive indicator of
hepatocellular activity (Ezeja et al., 2014).Fig.25 revelated that a significant diminution dose-
dependent (p<0.0001) was registred in the level of plasmatic AST ,ALT, urea and creatinine
in the groups of rats treated with combination of ASE+CCly; and HSE+CCly at doses of 250,
500 mg/kg and ViT C+CCly at dose of 200 mg / kg compared to the group treated with only
CCly. The increase in plasma cellular enzymes indicates a sign of injury in hepatic tissue
(Mohamadi Yarijani et al., 2019). The assessments of ALT, AST are used as diagnostic
marker to indicate liver damages induced by hapatotoxins (Sriuttha et al., 2018). Moreover,
many studies evaluated the scientific basis of herbs and fruits rich in natural antioxidants on
the hepatoprotective activity associated to decrease the accumulation of fat, lipid
peroxidation, and free radicals scavenging effects of these plants (Gangwar et al., 2014;
Ahangarpour ef al., 2016).The CCly is distributed and deposited to organs such as the liver,
brain, kidney, lung and heart (Mohamed et al., 2014). It has also been reported that the
systemically administration of CCly in rats was distributed at higher concentrations in the
liver than in the kidney (Sahreen et a, 2015). Since the kidney has high affinity for CCl4 and
contains cytochrome P450 predominantly in the cortex, CCly is extensively metabolized in the

kidney generating more reactive metabolites (Abd El-mohsen Ali et al.,2014).
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Figure 25. Effects of treatment with ASE and HSE on some biochemical parameters compared to
group treated with CCly. (A) hepatic profil, (B) urea, (C) creatinine. Values were expressed as mean +
SEM (p <0.0001). ALT: alanine aminotransferase, AST: aspartate aminotransferase.

3.2.2.2. Effect of ASE/HSE on plasma antioxidant capacity
a. DPPH radical scavenging

The DPPH method is largely used to evaluate the antioxidant activity of plant extracts and
food. It is also used to evaluate the plasmatic antioxidant capacity which is expressed as a
percentage inhibition. The present study aim to evaluate the effectiveness of an antioxidant
treatment, the scavenger effect against DPPH radical was assessed; the obtained results
(Fig.26) showed that oral administration of ASE, HSE and ViT C leads to significant

increase in plasma antioxidant capacity compared to group treated with CCly 20.46 + 4,19%.

b. reducing power

In the reducing power assay, the presence of antioxidants in the sample would result in the

reducing of Fe’ —Fe*" by donating an electron. The results obtained in present study (Fig.26)
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showed that the oral administration of ASE and HSE increased plasma antioxidant capacity.

This increase is statistically significant compared with CCly group.

The results indicate that the treatment with selected plants extracts improve free radical
scavenging activity and reducing capacity regarding the importance of these activities of the
ASE and HSE determined in vitro and these effects may be primarily attributed to the
polyphenolic contents. According to the litterature, many researchs demonstrate the
significant correlation between the measured plasma antioxidant capacity and the total phenol
content of plant extracts (Boumerfeg et al., 2012; Vicente et al., 2014; Avila-Nava et al.,
2014). Whereas, in vivo these activities are limited by several factors such as low
bioavaibility and metabolic conversion of the absorbed polyphenols (plasma concentration

rarely exceeds 1uM) (Veskoukis et al., 2012).
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Figure 26. Effect of different concentrations of ASE, HSE and ViT C on DPPH radical scavenging
and reducing power activities. Data were presented as means =+ SEM (n = 6). (*** p < 0.0001)
compared to group treated with CCl, alone.
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3.2.2.3. Effect of treatment with ASE /HSE on reduced Glutathione (GSH)

GSH level of plant extract on the experimental groups are shown in Fig.27. GSH levels in the
group treated with only CCly (12.98 + 2.82umol/g of tissue) was significantly lower than
contol group and pretreated group with ViT C (positive normal) (19.65 = 1.99 umol/g of
tissue). The pretreated rats with ASE (500mg/kg) and HSE (500 mg/kg) recorded a high
GSH levels comparable to GSH levels for CCly treated group (negative control) with 35.49 +
2.74, and 44.68 + 4.3 umol/g of tissue, respectivelly. GSH antioxidant system plays central
role in cellular defense against reactive free radicals especially in redox status balance.
Morever, it can serve as a marker of decrease in antioxidant defense, susceptibility, early and
reversible tissue damage (Jain and Singhai, 2012). Furthermore, it was reported that the
increase in the levels of GSH may possibly be due to de novo synthesis and/or GSH
regeneration (Nasir et al, 2013) via glutathione reductase activation and inhibiting free

radical formation.
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Figure 27. Effect of treatment with ASE, HSE and vitamin C on reduced glutathione level in liver of
rats. Values are given as means + SEM (n=6). (*** p <0.0001) compared to group treated with CCl,
alone.

3.2.2.4. Effect of treatment with ASE and HSE on Catalase (CAT)
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Changes in the activity of CAT in livers of rats was investigated in the present study (Fig.28).
The CAT activity has undertaken a significant changes dose-dependent during treatment with
ASE and HSE at doses (250 and 500 mg/kg). Morever, no change was noticed in positive
control group (7.53 £ 1.73 U/g of tissue) comppared to negative control (6.28 + 0.86 U/g of
tissue). Catalase activity varies greatly from tissue to tissue, the highest activity is found in
liver and kidney, whereas the lowest activity is seen in the connective tissue (Mitjavila and
Moreno, 2012). Inhibition of this enzyme may enhance sensitivity to free radical-induced
cellular damage. Therefore reduction in the activity of CAT may leads to deleterious effects
as a result of superoxide and hydrogen peroxide assimilation (Merghem et al., 2019). The
mechanisms underlying the activation of antioxidant enzymes by polyphenols are not fully
understood but a number of studies indicated also an association between polyphenols and
antioxidant enzyme expression via nuclear factor-erythroid-2—related factor 2 (Nrf 2)
activation in vivo and in various cultured cell lines ( Oliveras-Lopez et al., 2014; Nakayama

et al., 2015).
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Figure 28. Effect of treatment with ASE, HSE and vitamin C on catalase activity in liver of rats.
Values are given as means = SEM (n=6). (*** p < 0.0001) compared to group treated with CCl,
alone.

3.2.2.5. Effect of treatment with ASE and HSE on MDA

Lipid peroxidation is an auto-catalytic, free-radical mediated, destructive process, where by
polyunsaturated fatty acids in cell membranes undergone degradation to form lipid
hydroperoxides (Sardar et al, 2019). The present study demonstrated that the level of liver
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MDA in CCly treated group (263.69 + 8.70nmole/ g of tissue) was significantly higher than
the control group ((24.76 + 2.65nmole/ g of tissue). According to the results represented in
Fig.29, a significant decrease of MDA level was observed in livers of rats treated with Vit C
(200 mg/kg), ASE and HSE at doses of 250 and 500 mg/kg. In CCly treated group, the
increase in MDA level suggests enhanced peroxidation leading to tissue damage and failure of
the antioxidant mechanisms to prevent the production of excessive free radicals. Our result
came in agreement with other reporters who demonstrated that CCl, significantly increased
the hepatic MDA (Liguori et al., 2018; Kawamura et al., 2018). Our findings also suggest the
protective effects of plants extracts against CCly-induced oxidative stress, could be attributed
mainly to the presence of high content of phenolics and flavenoids which have profound
antioxidant activity (Mazani ef al.,2018 ). These compounds could scavenge the free radicals
of CCly generated through cytochrome P450 enzyme system thereby diminished the oxidative
injuries (Kasote et al., 2015). Histopathological examinations are in agreement with

biochemical analysis.
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Figure 29. Effect of treatment with ASE, HSE and vitamin C on MDA level in liver of rats. Values
are given as means = SEM (n=6). (*** p <0.0001) compared to group treated with CCl, alone.

3.2.2.6. Effect of treatment with ASE/HSE on hepatic tissue

Normal liver cellular architecture was showed in the histological observation of the native
control. Histological changes and severe liver damages, infiltration of inflammatory cells,
necrosis and congestion, caused by CCl, treatment was noticed compared to tissue of treated
groups with ASE and HSE at two doses and vitamin C, where alterations were minimized and

the liver injuries were improved.
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A) Liver section of Control animal (x100) (B) Liver section of rats treated with ViT C (x100)

D

(C) Liver section of rats treated with CCl, (x100).

(D) Liver section of rats treated with CCl;+ASE (250mg/kg) (x100).

(E) Liver section of rats treated with CCl,+ASE (500mg/kg) (x100).

(F) Liver section of rats treated with CCl;+#HSE (250mg/kg) (x200).

(G) Liver section of rats treated with CCl;+HSE (500mg/kg) (x200).

Figure 30. Sections of liver tissue of rats treated with ASE, HSE and ViT C compared to liver section
of rats treated with CCly alone. DI: discrete inflammation, CV: central vein. DC: discrete congestion,
C: congestion, S:steatos, Inf (Lym,PN): inflammation (lymphocytes and polynuclear).
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4. Xylene induced ear oedema

Xylene-induced mice ear oedema reflects the oedematization occurred during the early stages
of acute inflammation, which is probably related with the release of inflammation mediators
(Torres-Régo et al., 2016).The results obtained are summarized in Fig.31. As shown, ASE
and HSE at different doses reduced the pourcentage of the ear oedema in a dose related

manner compared to control (16.60 = 1.69%).

The xylene ear edema model shows the evaluation of anti inflammatory steroids and is less
sensitive to non-steroidal anti inflammatory agents (Yasmen et al, 2018). Severe
vasodilation, edema changes of skin and infiltration of inflammatory cells are detected as
signs of acute inflammation after topical application of xylene (Vetriselvan et al., 2013) . The
increased thickness of ear tissues is caused by these histopathological changes .In the present
investigation, the plant extract significantly inhibited the xylene — induced increases in ear
oedema in a dose dependent manner. This inhibition capacity of the plant extract can be

regarded as the evidence of anti-inflammatory efficacy through reducing vasodilation.
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Figure 31. Effect of treatment with ASE and HSE on xylene-induced ear oedema. Values are given as
means = SEM (n=5). (*** p <0.0001) compared to control group.
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5. Ethanol- induced ulcer Gastric

Gastric ulceration is a benign lesion of the mucosal epithelium upon exposure of the stomach
to excess acid and aggressive pepsin activity (Richard et al.,, 2017). Ethanol-induced gastric
ulcer is a usual, convenient animal model for the investigation of gastroprotective drugs
(Escobedo-Hinojosa et al., 2018). The role of ethanol is explained by its ulcerogenic effect.
Ethanol progresses disarrangement in mucosal microcirculation and ischemia, produces free
radicals, and releases endothelium (Fahmi et al., 2019). the significant increase in ulcer index
following oral administration of ethanol in the ulcerated rats may be attributed to either free
radicals formation or inhibition of prostaglandin synthesis (Sharifi-Rad et al, 2018).
Decreased prostaglandin level has been attributed to impaired gastro protection and increased
gastric secretion which are important events in the etiology of mucosal ulceration (Adefisayo
et al., 2018). In the present study, the oral administration of ASE and HSE displayed
protective effects against ethanol induced gastric lesions. Flavonoids are found to increase
mucosal Prostaglandin content. Decrease histidine decabonxylases, and are free radical
Scavengers. Tannins are known to tan the outer layer of the mucosa and render it less
permeable and more resistant to chemical and mechanical injury or irritation (Richard et al.,

2017).

Table 7.Effect of ASE and HSE on Ethanol Induced Gastric Ulcer in Rats.

Treatment Mean ulcer index Preventive index %
EtOH (I1ml) 557+£020 /

Ranitidine (50 mg/kg) 1.14+ 0.20 79.48

ASE (50mg/kg) 3.57+0.99"" 35.89

ASE (150 mg/kg) 1.71£0.80" 69.23

ASE (300 mg/kg) 1.57+0.26 71.79

HSE (50mg/kg) 471+028"" 15.38

HSE (150mg/kg) 2.85+091 47.71

HSE (300 mg/kg) 2.14+£040"" 61.53

Values are given as means = SEM (n=7). (*** p <0.0001) compared to group treated with EtOH alone.
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Table 8. Percentage protection of ASE and HSE treated rats against ethanol induced gastric

ulcer.

Treatment Stomach total surface Ulcerated surface area Percentage of
area (cm?) (cm?) protection %

Negative control 177,77 + 8,12 / 100

EtOH 64,25 £ 10,63 29,67 £2,23 0

Ranitidine 172,27 + 4,61 12,52 +£3,32 62.3

ASE (50mg/kg) 79,47 + 3,98 5,2 £3,11 28.45

ASE (150mg/kg) 132,92 +2,14 9,25 +2,51 72.86

ASE (300mg/kg) 85,45+ 1,16 33+1,29 88.19

HSE (50mg/kg) 132,17 + 6,88 15,8 +£5,19 11.29

HSE (150mg/kg) 98,55+ 5,63 10,8 £4,18 46.10

HSE (300mg/kg) 139,95 + 5,67 6,9 + 1,68 82.47

Values are given as means = SEM (n=7).

(A) Untreated group (B) Group treated with EtOH 75%
(C) Stoamach of rat treated with EtOH + ASE (50mg/kg)

(D) Stoamach of rat treated with EtOH + ASE (150mg/kg) (E) Stoamac treated with EtOH + ASE (300 mg/kg)
(F) Stoamach of rat treated with EtOH + HSE (50mg/kg)

(G) Stoamach of rat treated with EtOH + HSE (150mg/kg) (H) Stoamach treated with EtOH + HSE (300mg/kg)

(I) Stoamach of rat treated with ranitidine (50 mg/kg)

Figure 32.Macroscopic observation of glandular regiond of treated and untreated groups.
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5.1. Effect of treatment with ASE/HSE on stomach tissue

g

(A) Section of rat stomach treated with distilled water only (control animal) (x200).

(B) Section of rat stomach treated with EtOH (x200); Hge: Haemorrhage, N: necrosis, INF: inflammation.

(C) Section of rat stomach treated with ranitidine (50 mg/kg) (x400): D INF: discret inflammation.

(D) Section of rat stomach treated with ASE (50 mg/kg) (x400).

(E) Section of rat stomach treated with ASE (150 mg/kg) (x400); INF inf: inflammation infiltrate.

(F) Section of rat stomach treated with ASE 300 mg, normal tissue, no alteration (x200).

(G) Section of rat stomach treated with HSE (50 mg/kg) (x200); INF: inflammation.

(H) Section of rat stomach treated with HSE (150 mg/kg) (x200); D INF: discrete inflammation.
(D) Section of rat stomach treated with HSE (300 mg/kg) (x200); normal tissue, no alteration.

Figure 33. Histological Sections of stomach in normal and treated animals.
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Conclusion

Results obtained in the present study revealed that the level of phenolic and flavonoids
compounds in various extracts of 4.scoparium were considerably higher in DEC than that in
other extracts. Whereas, H.sativus EAE contained the higher amount of phenolic and
flavonoids compounds. This could be due to the nature and structure of compounds present in

these plant extracts, and to the degree of polarity of the solvents used for the extraction.

Antioxidant capacity is related to compounds capable of protecting biological system against
the potentially harmful effect of processes or reactions involving reactive oxygen and nitrogen
species (ROS and RNS). Many methods, which differ from each other in terms of reaction
mechanisms, oxidant and target/probe species, reaction conditions, and expression of results
have been developed and tested. For this reason, the extracts of selected plants seem to be of

potential interest due to their antioxidant activities.

It can be noted that different extracts from A.scoparium and H.sativus exhibited different
effective degrees in vitro antioxidant activity using different methods. Among all
A.scoparium and H.sativus extracts, crude and ethyl acetate extract were shown to possess a
significant antioxidant activity by scavenging DPPH, ABTS and hydroxyl radicals, inhibiting
B-Carotene oxidation, reducing power and ferrous ion chelating properties. For hydrogen
peroxyde radical scavenging activity, 4.scoparium and H.sativus decoction and crude extract

exhibited the strongest effect.

The antihemolytic property of A.scoparium and H.sativus was studied against AAPH and
ferrous ion-induced oxidative hemolysis. In the present study, all extracts of 4.scoparium and
H.sativus exhibited potent antihemolytic activity and revealed an important values of HTs,
among which DEC and CrE of studied plants displayed significantly the highest antihemolytic
effect, at all tested concentrations. For ferrous ion-induced hemolysis, all extracts exhibited
inhibitory properties against hemolysis. But A.scoparium CrE and H.sativus EAE registered

the maximum anti-hemolytic effect.

The toxicity study revealed that crude extracts of the two plants did not cause any mortality or

other toxicity signs. It is concluded that the CrE of selected plants are safe up to 5 g /Kg.

In vivo antioxidant properties. Crude extract of A.scoparium and H.sativus were investigated.
The present study evaluated the protective effect of selected plants against CCls-induced liver
injury. The results showed that oral administration of crude extract of selected plants for 7

days at a daily dose of 250 and 500 mg/kg BW resulted in an increase in total antioxidant
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capacity of plasma. It was found that 500 mg/kg of A.scoparium and H.sativus extracts
increased significantly total plasma antioxidant capacity using DPPH radical scavenging
assay. The higher electron donation capacity was noticed for A.scoparium and H.sativus at the
dose of 500 mg/kg. It was found that 4.scoparium and H.sativus extracts were more effective

in increasing catalase activity and GSH level, and decreasing the MDA level.

The anti-inflammatory activity of plants extract was evaluated using two methods. The oral
administration of A.scoparium and H.sativus crude extracts exhibited an important anti-
inflammatory effect against xylene-induced ear oedema at dose of 400 mg/kg BW of mice.
However, the crude extract of two selected plants exerted an interesting protective effect on

the gastric mucosa against ethanol-induced gastric ulcer at dose of 300 mg/kg.

Further study is needed to clarify the antioxidant mechanism of these extracts and to evaluate
other biological properties of these two plants. Some further investigations for the future work

arc:

e Identify, isolate and characterize the active constituents responsible for the observed
antioxidant activity in order to determine the exact mechanism of the antioxidant and
antiflammatory activities of extracts.

e Evaluate the bioactive molecules in therapeutic significance in the prevention of
diseases induced by oxidative stress as well as the enzymes involved in the production
of the reactive oxygen species.

e Study the Chronic toxicity of the plant with other in vivo tests of antioxidant assays.
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