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Abstract

The present study aimed to analyze chemically aradbiate the hypotensive, diuretic and
the antioxidant activities of Crataegus azarolus (CA), Myrtus communis (MC) and
Origanum glandulosum (OG) which are widely used as natural remedsyhfpertension in
the Algerian folk medicineln vitro antioxidant potential of methanolic extract (M&f)d its
three fractions: Chloroform (CHE), ethyl acetdEAE) and water (AqE) extracts has been
investigated using severalssays. Chemical analysis of EAE of selected plevealed the
isolation of five compounds; two flavonoids((+)atechin and hyperoside) were isolated
from CA, one flavonol glycoside (myricetin -3-Oarnnoside) was isolated from MC, one
flavanone (katuranin), and one monoterpene (5rigmyb-3-methylphenol) were isolated
from OG The quantification of polyphenols and flavonoiti®wed that EAE from the three
studied plants contained the highest amount ofptagols. However, CHE-MC, CHE-OG
and EAE-CA contained the highest amount of flavdaeoi EAE from CA, MC and OG
exhibited the highest activity in scavenging DPPMBTS and hydroxyl radicals and
reducing power test; whereas, ME and AqQE exhibigtier chelating activity than CHE and
EAE. Inhibition of lipid peroxidation was perfoed using th@-carotene bleaching assay,
ferric thiocyanate method and thiobarburic acidhnd. CHE-MC, CHE-OG and EAE-CA
were found to be the strongest inhibitors of ligs@éroxidation in the three methods.
Intravenous administration of ME and EAE decrdatbee mean arterial blood pressure in
anesthetized rats dose-dependently, at the doge @n0.4 to 12 mg/kg, and the strongest
hypotensive effect was noticed for CA. The diureativity of ME (100, 300 and 600
mg/kg) was assessed orally in rats using furosemsde standard drug. The results showed
that only CA and OG produced an increase in urumput and the urinary excretion of Na
and Cl. The present study also assessed the effect oineiration of ME (100 and 200
mg/kg) in rats for 14 days on plasma antioxideapacity (PAC) and oxidative stress
markers in liver and kidney. It was found that I@& (100 and 200 mg/Kg ) and ME-OG
(200 mg/kg) caused significant elevation of PéAging DPPH radical whereas only ME-
CA at a dose of 200 mg/kg increased significantlg fplasma reducing power. The
administration of the same doses of ME of tive¢ studied plants increased proteins
level in liver. The results showed that ME-CA wasre effective in enhancing antioxidant
status in liver and kidney than other plant exgdy reducing MDA level and increasing
catalase activity and GSH level. These resuliarisiendicate that these plants can be used as
a hypotensive agent and as a protective shieldnsigaumerous free-radical mediated
diseases.

Key words: Crataegus azarolus, Myrtus communis, Origanum glandulosum, phytochemistry,
polyphenols, antioxidant, hypertension.



Résumé

L'objectif de cette étude est I'analyse phytochiogg I'évaluation des effets hypotensifs,
diurétigues et l'activité antioxydante @eataegus azarolus (CA), Myrtus communis (MC) et
Origanum glandulosum (OG) qui sont largement utilisées en médecine ticadielle
algérienne dans le traitement de I'hypertensione potentiel antioxydant de [I'extrait
méthanolique (EM) et ses trois fractions; |'eitdie chloroforme (ECH), I'extrait d’acétate
d’éthyle (EAE) et I'extrait aqueux (EAQ) a été étuh vitro en utilisant plusieurs techniques.
L'analyse phytochimique d’EAE a permis d’identifte molécules; deux flavonoides ont été
isolés du CA((+) - catéchine et I'hypéroside), un flavonole agigylé (myricétine -3-O-
rhamnoside) a été isolé du MC, un flavanone (laine), et un monoterpene (5-isopropyl-3-
méthylphénol) ont été isolés d’OG. La quantifioatides polyphénols et des flavonoides a
montré que I'extrait EAE de trois plantes étudiéest le plus riche en polyphénols.
Cependant, les extraits ECH-MC, ECH-OG et EAE-QA& présenté le contenu le plus
élevé en flavonoides. L'EAE présente une activitiioaydante tres importante en utilisant le
test de piégeage des radicaux de DPPH, d’ABTS’hetdwbxyle, et le test du pouvoir
réducteur. Cependant, 'EM et I' EAQ présentene antivité chélatrice plus élevée que celle
de I'ECH et 'EAE. L'inhibition de la peroxydatiolipidique a été évaluée par les tests du
blanchissement dé&carotene, de thiocyanate ferrique et d’acidebidiburique. Les extraits
ECH-MC, ECH-OG et EAE-CA ont révélé linhibition lplus puissante dans ces trois
méthodes. L'administration intraveineuse de 'EM'EAE (0.4 & 12 mg/kg) a diminué la
pression artérielle de maniere dose dépendantez lgdse rats anesthésiés, mais l'effet
hypotensif le plus fort a été noté pour la plange Cactivité diurétique de 'EM (100, 300 et
600 mg/kg) évaluée chez les rats a prouvé quiersent CA et OG qui ont produit une
augmentation du volume d’urine et de I'excrétioimaire de Na et Cl". En outre, l'activité
antioxydante des plantes a été évaimégvo par I'administration de 'EM (100 et 200mg/kg)
chez les rats pendant 14 jours. L'EM-CA (100 et 20§Kg) et ' EM-OG(200mg/kg) ont
entrainé une augmentation significative de la cé@antioxydante plasmatique en utilisant
le radical DPPH tandis que seulement 'TEM-CA (20§’kg) a augmenté significativement le
pouvoir réducteur du plasma. Les mémes doses astné@s ont augmenté significativement
le taux des protéines dans le foie. Les résuttatsnontré aussi que 'EM-CA était le plus
efficace dans I'amélioration du statut antioxyddans le foie et le rein par rapport aux autres
extraits en réduisant le niveau du MD&&,en augmentant l'activité du catalase et le nivEa
GSH. Ces résultats fournissent une base scierdiffmur I'usage de ces plantes comme un
agent hypotensif et protecteur contre de nombeus#Eadies associées au stress oxydant.
Mots clés : Crataegus azarolus, Myrtus communis, Origanum glandulosum, phytochimie,
polyphénols, antioxydant, hypertension.
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Introduction

Presently, hypertension isne of the most important risk factors for cardiovascul
diseases and is associated with coronary heaehirascular and renal diseases, therefore is

a major cause of morbidity and mortality (Katathal.,2013).

Oxidative stress is described as a condition incvlellular antioxidant defenses are
inadequate to completely inactivate reactive oxygpecies (ROS) and reactive nitrogen
species (RNS) (Aquilet al., 2013). This oxidative stress is considered to benaor
etiological or pathogenic agent of many diseasescluding hypertension,

hypercholesterolemia, diabetes, and heart fail@taméncet al.,2013).

In human essential hypertension, ROS especiallgrexple radical (&), accelerate
the breakdown of nitric oxide (NO) by binding it torm peroxynitrite (ONOQ. NO is the
main vasodilator factor that maintains vascular eostasis, normal vasomotor tone and
inhibits renal tubular sodium reabsorption. Thesluction of bioavailability of NO leads to
hypertension through increasing peripheral vassiciction and sodium retention (Pendyala

et al.,2009; Frombaunet al.,2012).

Antioxidants act as radical- antioxidants scaeesgand inhibit lipid peroxidation and
other antioxidant processes: therefore, they ale tabprotect the human body from several
diseases related to oxidative stress. Use of stiotaetioxidant in the prevention of this free
radical damage had many toxicological side effdoiduding carcinogenicity, making
attractive the search for antioxidant and scavemggural products (Yadegariniaet al.,
2006). A great deal of attention has been focusea @ariety of non-vitamin antioxidants
such as phenolic compounds which can be found inym@dant species and may also

contribute to the cellular antioxidative defensechanisms (Rabt al.,2005).
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Furthermore, a large number of flavonoids and phemompounds have been isolated
from crude plant extracts with proven vasoditgtdypotensive (Akhlaghi and Bandy,

2009) and diuretic potentials (Arafital.,2008) are used as therapeutics for hypertension.

In Algeria, as in many countries, medicinal plaats widely used in the folk medicinal
system to treat diseases including arterial hypsibe. Ethnopharmacological survey carried
out by our lab team in Setif region ( Eastern Allgé indicated that Crataegus azarolys
Myrtus communigandOriganum glandulosumare extensively used in folk medicine for the
treatment of hypertension (Bouaat al., 2012). However, so far, there are little studias o
their medicinal use as hypotensive and diureticnegelndeed, the valorization of these
hypotensive plants of the national flora will be afgreat contribution for the Algerian
pharmaceutical industry. Thus, the present study wralertaken to evaluate the hypotensive
and diuretic effects om vivo and the antioxidant properties of various extrdicisn these
selected plantsCrataegus azarolysMyrtus communisand Origanum glandulosumit also
aimed to establish a correlation between the aitkion activity and total phenolic content in

the extracts.

In the present study, the following objectives farenulated:

* Phytochemical analysis of the ethyl acetate fractb Crataegus azarolysMyrtus
communis and Origanum glandulosumn order to identify some new phenolic
compounds present in these plants.

» Determination of polyphenols and flavonoids corgentdifferent plant extracts.

» Evaluation of then vitro antioxidant activity of plant extracts using difat methods.

» Evaluation of plasma antioxidant capacity using BIPRdical scavenging test and

reducing power method.
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Evaluation of than vivo antioxiadant activity of mehanolic extract of szl plants
by assessing the MDA and GSH levels, and catalasatg in the liver and kidney of
rats.

Evaluation of the hypotensif effect of plant extsat anaesthetized rats using the
invasive method of blood pressure recording.

Evaluation of the diuretic effect and the urinectielytes level of methanolic extract

administration of studied plants in rats.
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1. Oxidative stress

1.1. Definition

The delicate balance between the production angretion of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) detesrtime normal function of cells (Navarro-
Yepes et al.,2014). However, when cells are unable to maintadox homeostasis via the
detoxification of these reactive species produced/a repair the damage produced,
oxidative stress or nitrosative stress prevail @ewYepes et al.,2014). Thus, oxidative
stress is an imbalance between pro-oxidant anadxadénts in favor of oxidants (Navarro-
Yepes et al, 2014; Wu et al., 2015). Oxidative stress eventually leads to ghdr total
functional loss of physiological systems in the ypoQurrently, the incidence of free radical
imbalance at the onset and during the evolutionmainy diseases (cardiovascular and
neurodegenerative diseases, inflammation, diabat@sg, ischaemia, respiratory and gastric
disorders, tumor progression and carcinogenesspéan demonstrated (Gonent@l.,2013;

Wu et al.,2015)

1.2. Free radicals

Free radicals are defined as molecules or moledtdgments containing one or more
unpaired electrons in the outer orbit. This unghiekectron(s) is unstable and usually gives a
significant degree of reactivity to the free radlifdalko et al., 2007; Birbenet al., 2012).

ROS and RNS include radical and non-radical sgecie

Oxygen free radicals include superoxide«() hydroxyl (*OH), peroxyl (ROOQe), lipid
peroxyl (LOQOe), alkoxyl (RO¢) radicals. Nitrogeref radicals include nitric oxide (NOe) and

nitrogen dioxide (N@). Oxygen and nitrogen free radicals can be rgamihverted to other
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non-radical reactive species which are harmefuhtalth. Hydrogen peroxide £8,), ozone
(O3), singlet oxygen (1¢), hypochlorous acid (HOCI), nitrous acid (HBOperoxynitrite
(ONOO-), dinitrogen trioxide (pDs3), lipid peroxide (LOOH) are not free radicals and
generally named oxidants and can easily lead t® faglical reactions in living organisms

(Valko et al.,2007; Sen andChakraborty, 2011; Nunes al.,2012).

1.3. Sources of ROS and RNS

These reactive species are produced in animalfiameéns under physiologic and pathologic
conditions. Free radicals can be produced from leotiogenous and exogenous substances

and their production in the body is continuous amebrmal part of human physiology.

1.3.1. 1. Exogenous source of free radicals

1.3.1.2. Pollution:Different types of pollutants, like air pollutari@sbestos, benzene, carbon
monoxide, chlorine, formaldehyde, ozone, and tad)iechemical solvents (cleaning products,
glue, paints, paint thinners, perfumes, and pekEs), and water pollutants (chloroform and
other trihalomethanes) are all potent generatofred radicals. Burning of organic matter
during cooking, forest fires, and volcanic actedialso can generate free radicals (Sen and

Chakraborty2011).

1.3.1.3.Radiation: UV radiations, medical and dental x-rays, gammg,rand microwave

radiation can lead to free radical generation (&bt al.,2012; Rahaét al.,2014).

1.3.1.4. Dietary factors:Additives, alcohol, foods that have been barbectrezti, grilled,
foods that have been browned or burned, hydrogdneggetable oils, processed foods
containing high levels of lipid peroxides can algooduce free radicals (Sen and

Chakraborty,2011; Birberet al.,2012).
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1.3.1.5. Toxins and drugs:Carbon tetrachloride, paraquat, benzopyrene, nanitlyes,
toluene and drugs like adriamycin, bleomycin, mijom C, nitrofurantoin, and
chlorpromazine increase free radical productioren(&d Chakraborty,2011; Rahakt al.,

2014, Yeet al.2014) .

1.3.2. Endogenous sources of free radicals

Major sources of ROS and RNS include, but are inotdd to, NADPH oxidases, xanthine

oxidase, NO synthases, mitochondrial respiratogircbnzymes (Figure. 1).

1.3.2.1. NADPH oxidases (NoXEC 1.6.3.1):

They are enzyme complexes that catalyze the remuctf molecular oxygen using

NADPH as an electron donor. Generally, the prodfithe electron transfer reaction is'Q

20, + NADPH ——» 2 0,” + NADP" + H'

The Nox family comprises seven members (Nox1-5@adx1-2) with distinct tissue
distribution and functions (Beda#dd al.,2007). So far, only Nox1, Nox2 and Nox4 have been
shown to play relevant roles in hypertension patlysplogy (Datla and Griendling, 2010).
These isoforms are localized in major sites of dlpoessure control. For example, Nox1,
Nox2 and Nox4 are expressed in the central nerggsiem where they regulate sympathetic
nerve activity. Nox2 and Nox4 participate in thgukation of renal functions and contribute
to end-organ damage associated with hypertensigstalllet al., 2008). In the vasculature,
Nox1l controls smooth muscle cell growth and migmatiNox2 contributes to endothelial
dysfunction and Nox4 controls vascular smooth neusll differentiation and improves

endothelial-dependent vasodilatation (Soeisal.,2012).



Review of literature

0, AcetilCoA NADPH

0,
Xanthine
02 ,H,0, NADP* &
NADP* ©
_'NO
Coupled NOS
Uric acld
CLlrulllnuﬂ NADPH  NADP ~H0,+Cl
ONQO- ; 4
L-arginine =
o .,_BI-I,. (. % Uncoupled NOS
L+ L-arginine 01--
NﬁD\EH NADP*
NADP'  NADPH ~0,
Citrulline
mj— NO 0, BHI.-.-
NADP* NADPH er \
Uric acid
Lipids ——» Lipid peroxides Xanthine

Figure. 1: EndogenoL sources of ROS and/or RNS generation (Set al.,2012).

1.3.2.1. Xanthine oxidoreductase (EC 1.17.3

Xanthine oxidoreducta has two interconvertible forms, xanthine dehydrogen
(XDH) and xanthine oxidase (XO), that participate gurinesmetabolism catalyzing tr
conversion of hypoxanthine to xanthine and xanthmerric acid. XDH preferentially ust
NAD" as an electron acceptor while the oxidase reducgscular oxygen in a reaction tt

generates © and HO, (Souscet al.,2012).

Xanthine + 20, + HbO ———  uricacid + 20,” + 2H"
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The XO form predominates in oxidative stress cood# and may contribute to
endothelium dysfunction due to its localizatiorthie luminal surface of vascular endothelium
(Souseet al.,2012). Besides the production of ROS by XO, bothHX@&hd XO generate uric
acid which possesses antioxidant properties, swucrscavenging of ONOO- and HO
prevention of oxidative inactivation of endothelinzymes and stabilization of vitamin. On
the other hand, uric acid may also have pro-oxidamtt pro-inflammatory effects. Indeed,
high systemic levels of uric acid are associatdtl wicreased cardiovascular disease and poor
outcome but it is not clear whether these effeetiect deleterious actions of uric acid or the

oxidative damage caused by XO-derived ROSe(lal.,2013).

1.3.2.3. Mitochondrial respiratory chain enzymes

They are primary intracellular sources of ROS. More tl88n% of the total oxygen
consumed by aerobic organisms is utilized by mibochial oxidases which produce ATP in
a process coupled to the reduction of cellular exytp waterROS is produced in complex |
during reverse electron transport, where electrenter complex | through coenzyme Q
binding. However, mitochondrial complex Il catabgzthe electron transfer from ubiquinol
to ferric cytochrome c,which is coupled to protoanslocation for ATP synthesis (¥t al.,
2014).

Mitochondrial membrane potentials and enhancetbprmotive forces increase ROS
formation. In addition, oxygen concentrations, vileethyperoxic or hypoxic may increase
superoxide level (Yeet al., 2014). ROS levels in the mitochondria are regdldig the
respiratory rate and manganese SOD (Muretehl., 2010). Hypertensive animals have
increased mitochondrial ROS production in the Vesdedney and central nervous system

(Elks et al.,2009).

10



Review of literature

1.3.2.4. NO synthases (NOS)

It constitute a family of enzyme isoforms (neuronal®N@NOS; inducible NOS, iINOS;
endothelial NOS, eNOS) that produce *NO in a reactihat converts L-arginine to L-
citrulline (SugamurandKeaney 2011). However, in conditions of limited bioavéillity of
the cofactor tetrahydrobiopterin (B} or the substrate L-arginine, these enzymes becom
unstable and reduce molecular oxygen t® QOnstead of *\NO production (uncoupled NOS)

(Li et al.,2013).

NOS uncoupling is more often described for eNOS aisd triggered by
oxidative/nitrosative stress (Briones ahduyz, 2010). Numerous experimental studies have
shown that arterial hypertension is associated wiNOS dysregulation and endothelial

dysfunction (Liet al.,2013).

1.3.2.5. Myeloperoxidase (MPO)

It is a heme protein secreted by activated neutiepland monocytes in inflammatory
conditions and produces several oxidizing molecthas can affect lipids and proteins. MPO
uses HO, to produce ROS such as HOCI, chloramines, tynagjicals and nitrogen dioxides.
Although MPO-derived ROS have a primary role in noixzal killing, they also cause tissue
damage in the heart, vessels, kidney and brain agpobar to contribute to endothelial

dysfunction (Sousat al.,2012).

1.4. Biological roles of free radicals

The beneficial effects of ROS and RNS occur at toaderate concentrations and are
involved in several normal physiological functiogamst several cellular responses. Most
cells can produce superoxide, hydrogen peroxidenanid oxide constitutively while others

have inducible ROS/RNS release system. For exadgflense against infectious agents by

11
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phagocytosis, killing of cancer cells by macroptsagand cytotoxic lymphocytes,
detoxification of xenobiotics by cytochrome P45®&ngration of ATP in mitochondria
(energy production), cell growth, and the inductioh mitogenic responses at low
concentrations are some key beneficial activititefRO®S and RNJSen and Chakraborty

2011).

ROS also play important role on different cellusagnalling at low concentration like
activation of several cytokines and growth factmnalling, non-receptor tyrosine kinases
activation, protein tyrosine phosphatases actimati@lease of calcium from intracellular
stores, activation of nuclear transcription factékso, ROS exert vital actions such as gene
transcription, and regulation of soluble guanyleyelase activity in cells. NO produced by
endothelial cells is essential for regulationvagcular tone and is key for neural plasticity,
and mediator of the immune response by activatettaphages (Valket al.,2007; Rahaét
al., 2014). Moreover, recent studies also suggesttiigaROS, such as superoxide, hydrogen
peroxide may act as second messengers, but magriméuh as the accumulation of these free

radicals are increased ( Raletial.,2014).

1.5. Harmful effect of ROS and RNS on biomolecules

Higher production of ROS in body may change DNAidre, result in modification
of proteins, lipids, sugars and activation of salatress-induced transcription factors, and

production of proinflammatory and anti-inflammataytokines (Birberet al.,2012).

1.5.1. Effects of oxidative stress on lipids

Lipid peroxidation can damage cell membranes bgugieng fluidity and permeability.
Peroxidation of lipid is initiated by the attackafpecies, which can remove a hydrogen atom

from a methylene group, resulting the formatioranfunpaired electron on the carbon atom

12
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(*CH). Carbon radical thus formed is stabilized rhglecular rearrangement to produce a
conjugated diene, which then can react with an erymolecule to form a lipid peroxyl

radical (LOOe) (Birberet al.,2012; Kalyanaraman, 2013).

These radicals can react with other lipid molesuteabstract hydrogen atoms further,
so that lipid hydroperoxides (LOOH) form and at tk@me time propagate other lipid
peroxidation further (Figure. 2). Products of ligdroxidation, such as MDA and unsaturated
aldehydes, are capable of inactivating many cellpliateins by forming protein cross-

linkages (Kalyanarama2013; Birberet al.,2012; Lavie, 2014).

1
M =" — —
_:_ 4 ':;{ " R ("OH, LOO", NOy)
1 H H
A —
~ LH
1 RH
o
H -—
AT ONEETN
H

Z0=<pZ=Ram<4 ZO0=<4p0>r7077
r
% S

Figure. 2: Lipid peroxidation; oxidation of unsaturated fatgcids to lipid hydroperoxide

(Kalyanaraman 2013).

13
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1.5.2. Effects of oxidative stress on DNA

ROS/RNS interfere with DNA and lead to oxidativerdaye. DNA is highly susceptible
to damage by the free radicals such as *OH whiaohreact with DNA by addition or loss of
hydrogen atoms from the sugar moiety. In partigutee C4-C5 double bond of pyrimidine is
very sensitive to attack by <OH, which results gatien of a spectrum of oxidative
pyrimidine damage products, such as thymine glyeohcil glycol, urea residue, 5-
hydroxydeoxyuridine, 5-hydroxydeoxycytidine, hydaintand others. Likewise, purines are
susceptible to attach by «OH which leads to theeggtion of 8-hydroxydeoxyguanosine (8-
OHdG), 8-hydroxydeoxyadenosine, formamidopyrimidinand other less characterized

purine oxidative products (Sen and Chakraborty12@&lrbenet al.,2012).

Free radical attack also causes the activationhef goly (ADP-ribose) synthetase
enzyme which can lead to fragmentation of DNA anogrammed cell death. This process
depletes the cellular level of NADevels thereby disrupting electron transport chiaiction

(Sen and Chakraborty, 2011; Birbetnal.,2012; Lavie, 2014).

1.5.3. Effects of oxidative stress on proteins

ROS can cause fragmentation of the peptide chderaaon of electrical charge of proteins,
cross-linking of proteins and oxidation of specdimino acids and therefore lead to increased
susceptibility to proteolysis by specific proteas&so, enzymes that have metals on or close
to their active sites are especially more sensttivenetal catalyzed oxidation (Gutiérreet

al., 2014; Lavie, 2014). Cysteine and methionine ressdun proteins are particularly more
susceptible to oxidation. For example, methioniae be to oxidized methionine sulfoxide

and phenylalanine to O-tyrosine; sulfhydryl growas be oxidized to form disulfide bonds;

14
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and carbonyl groups may be introduced into the slt@ns of proteins (Gutiérrezet al.,

2014; Lavie, 2014).

1.6. Antioxidants

Antioxidants are defined as the substances whiclovatconcentration significantly
inhibit or delay the oxidative process, while ofteeing oxidized themselves (Valet al.,
2007). Endogenous and exogenous antioxidants atetasieutralize free radicals and protect
the body from free radicals by maintaining redoxabee (Pham-Huyet al., 2008). The
human body is equipped with a variety of interadioxidants that serve to counterbalance
the effect of oxidants. These can be divided bhitategories: enzymatic and nonenzymatic

antioxidants.

1.6.1. Enzymatic antioxidants

The major enzymatic antioxidants are superoxidendiase, catalase, GSH peroxidase
and GSH reductase (Figure. 3). In addition to éhewjor enzymes, other antioxidants,
including glutathione S-transferase (GST), hemegergse-1 , and redox proteins, such as
thioredoxins (TRX), peroxiredoxins (PRXs) and gtetdoxins, have also been found to play

crucial roles into antioxidant defenses (Birletral.,2012; Yeet al.2014).

1.6.1.1. Superoxide dismutase (SOD)

It is an important endogenous antioxidant enzymd aan exist in three metal
containing isoforms which are found in differentlgar compartments: SOD1 (copper-zinc
SOD) is in the cytoplasm, nucleus and plasma memehr&OD2 (manganese SOD) is mainly
in mitochondria ; and SOD3 (copper-zinc SOD) isqueei in scavenging superoxide in the

extracellular compartment and dismutating supeexidenerated during the inflammation

15
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(Athiroh et al.,2014; Yeet al.,2014). SOD acts as the first line defense sysigamat ROS

and catalyzes the dismutation of Oto H,O, and Q (Sen and Chakraborty, 2011).

1.6.1. 2. Catalase (CAT)

CAT exists as a tetramer composed of 4 identicalaneers, each of which contains a heme
group at the active site. Degradation gf0-is accomplished via the conversion between 2
conformations of catalase-ferricatalase (iron co@ted to water) and compound | (iron
complexed with an oxygen atompB{rbenet al.,2012). Each CAT molecule can decompose
millions of hydrogen peroxide molecules produced3©)D to water and oxygen in every

second (Sen and Chakraborty, 2011).

1.6.1. 3.Glutathione peroxidase (GPx)

It is generally present in the cytoplasm of caltsl protects the cell against oxidative
injury caused by kD, and prevents the formation of hydroxyl radicalnfrdd,0,. GPx
remove HO, by coupling its reduction to 4@ with oxidation of GSH (Navarro-Yepes al.,
2014). GPx1 is present in the cytosol and mitochand most mammalian cells and is more
effective than catalase in removing intracellulagrgxides under many physiological
conditions. Besides the SeCys containing GPx, medengum GPx are widely represented in
mammals as well as most vertebrates and some lpinga. GPx 5, 7 and 8 are cysteine-
containing GPx, while GPx 6 has a selenocysteitigeasite in humans. cysteine-containing
GPxs are much less efficient at detoxifying peregidhan selenodependent GPx gifeal.,

2014).

1.6.1.4. Glutathione reductase (GR)

It is flavoprotein enzyme and an important cellubartioxidant necessary for the

conversion of GSH. The oxidised glutathione is afione disulphide (GSSGyhich

16
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reduced back to GSH by the presence of enzyme GRhwises NADPHas an electron
donor. The ratio of GSH/GSSG is an important gdner@asure of oxidative stress of an
organism, very high concentration of GSSG may damagny enzymes oxidatively (Sen and

Chakraborty, 2011; Birbest al.,2012; Navarro-Yepest al.,2014).
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Figure. 3: Cellular enzymatic antioxidants (SOD, Catala&®x and GR) (Yet al.2014).
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1.6.2. Non-enzymatic antioxidants

Non-enzymatic antioxidants are represented by b&cacid (Vitamin C)ga-tocopherol
(Vitamin E), glutathione (GSH), carotenoids, flaeais, and other antioxidants. Under
normal conditions, there is a balance between thalactivities and the intracellular levels of

these antioxidants. This balance is essentiahi®strvival of organisms and their health.

1.6.2.1.GSH

GSH is a tripeptide (L-g-glutamyl-L-cysteinyl-Lgliye) and the major soluble
antioxidant that is highly abundant in all cetingpartments. GSH shows its antioxidant
effects in several ways. It is also a cofactorseveral detoxifying enzymes, such as GSH-Px
and GSHransferase, and has a role in converting vitaman@ E back to their active forms.
GSH protects cells against apoptosis by interactiiily proapoptotic and antiapoptotic
signaling pathways. It also regulates and activeés®ral transcription factors, such as AP-1,
NF-kB, and Sp-1. Also, reduced glutathione donatesons to membrane lipids and protects

them from oxidant attacks (Soustal.,2012; Birberet al.,2012).

1.6.2.2. Vitamin E

It is a lipid-soluble vitamin concentrated in thgdhophobic interior site of cell
membrane and the principal defense against oxiddoiced membrane injury. Vitamin E
donates electron to peroxyl radical, which is piath during lipid peroxidationao-
Tocopherol is the most active form of vitamin E @hd major membrane-bound antioxidant
in cell. Vitamin E triggers apoptosis of cancerl€e&nd inhibits free radical formations by

converting @ ~and HO to less reactive forms (Birbet al.,2012).
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1.6.2.3. Vitamin C

Ascorbic acid is avater-soluble vitamin that provides intracelluéard extracellular
agueous-phase antioxidant capacity primarily bywecging ROS and lipid hydroperoxides.
Also, it converts vitamin E free radicals back ttamin E. Its plasma levels have been shown

to decrease with age (Birbenal.,2012).

1.6.2.4. Carotenoids

They are pigments found in plants. Primarflycarotene has been found to react with
peroxyl (ROO), hydroxyl (OH), and superoxide (D) radicals. Carotenoids show their
antioxidant effects in low oxygen partial pressbhut may have pro-oxidant effects at higher
oxygen concentrations. Both carotenoids and ratiacids (RAs) are capable of regulating
transcription factors.p-Carotene inhibits the oxidant-induced NF-kB adima and
interleukin (IL)-6 and tumor necrosis facter production. Carotenoids also affect apoptosis

of cells (Birberet al.,2012; Tanumihardjo, 2013).

1.6.2.5. Uric acid

It is a highly abundant aqueous antioxidant, carsid to be the main contributor for
the antioxidant capacity in the plasma. It hasathiity to quenche HGand ONOO and may
prevent lipid peroxidation (Souss al., 2012). The scavenging of ONO®y uric acid is
significantly increased in the presence of vitai@irand cysteine which regenerate the urate
radical formed in these reactions. Uric acid alsts a&as a chelator of iron in extracellular

fluids (Souseet al.,2012).
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1.6.2.6. Bilirrubin

It is the end-product of heme catabolism, alsceappto function as a chain breaking
antioxidant. Low circulating bilirrubin levels amonsidered a risk factor for cardiovascular
diseases. Plasma albumin, the predominant plasotaipris also an antioxidant due to its
sulthydryl groups and is able to scavenge MPO-@erichlorinated reactive species and

ROQO radicals (Sousat al.,2012).

2.1.2.7. Polyphenols

Polyphenols are naturally available from variouetally sources, and they are
increasingly recommended as a daily supplementdeept oxidative stress. Plants produce
more than 8000 different polyphenols as secondatabolites. Chemically, polyphenols are
compounds having one or more hydroxyl groups attddio a benzene ring. They can be
categorized as simple phenolics, phenolic acidsi{dtives of cinnamic and benzoic acids),
coumarins, flavonoids, stilbenes, tannins, lignang lignins. Chief among these are the

flavonoids which have potent antioxidant activitiEsagaet al.,2010; Fadeét al., 2011).

1.6.2.8. Flavonoids

Flavonoids (the term is derived from the Latin wdfhvus”, meaning yellow) are
ubiquitous plant secondary products that are besivk as the characteristic red, blue, and
purple anthocyanin pigments of plant tissues. Apanin their physiological roles in the
plants, flavonoids are important components ofitliman diet, but they are not considered as
nutrients (Prochazkovét al., 2011). More than 5000 flavonoids have been idewatif
(Akhlaghi and Bandy2009), each with a basic structure containing ozene rings (A and
B) with a pyrane ring in the middle ( ring C) (Xiat al.2014; Singlret al.2014). Flavonoids

can be divided into several subfamilies accordmnthé degree of oxidation of the oxygenated
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heterocycle, being flavonols, flavanones, flavon#ayanes (essentially, flavan-3-ols),
isoflavones, and anthocyanidins, the most relef@mnhuman diets (Figure.4) (Xiaet al.,
2014; Wuet al.,2015 ) Starting from a basic chemical structuranpbiosynthetic pathways

introduce different hydroxyl group patterns, metgsdups, and sugars (Fragial.2010).

O l ‘ OH

0 1]
flavone isoflavone flavanone flavan-3-ol

0 0
0 O G ‘ OH ‘
() (O
o V0 Y
0 0

flavonol isoflavanone isoflavan chalcone

Figure. 4: Basic structure of the main classes of flavon@idao et al.,2014).

It is already well recognised that flavonoids passeantiviral, antibacterial, anti-
inflammatory, vasodilatory, anti-ischemic (Prochézk et al., 2011), antilipoperoxidant,
antitumoral, antiplatelet and antiallergic actegti In addition, flavonoids exhibit strong
antioxidant capacities through scavenging oxyger fadicals, promoting the expression of
antioxidant enzymes in the antioxidant system @ibiing the expression and activity of
oxidase enzymes (Figure.5). For these reasonshitolemistry and medicinal aspects of

flavonoids have received increasing attention réigéwu et al.,2015).
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Figure. 5: Mechanisms of antioxidant effects of flavonoidtavenoids may exert their antioxidant
effects by preventing generation of ROS, directvenging of ROS, or indirectly through

enhancement of cellular antioxidant enzymes (Akhilagd Bandy, 2009).

2. The vascular system

The blood vessels provide the main link betweenhéart and the tissues and their
walls are made up of three layers; the intima (iager), the tunica media (middle layer) and
the tunica externa (outer layer). The blood vessek divided depending on function,
location and size into arteries, capillaries anéhseAlso, arteries can be divided into
conducting arteries, conduit arteries and resistaanteries based on their position in the

arterial tree and their main function is to supiblg organs with blood (Sandebal.,2010).
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2.1. Endothelium

It is constituted from a monolayer of endotheliall€ located on the intima that form a
physical barrier between the vessel and the citiongieblood. The endothelium releases a
variety of messengers that not only regulate blload through vasomotion, but are also
involved in immune responses, the regulation ofgotation, leukocyte adhesion, vascular
smooth muscle cell growth , and also serves aaraeb to the transvascular diffusion of

liquids and solutes (Figure.6) (Schildknecht adididth, 2009).

Antithrombotic
(Inhibition of platelet adhesion
and ageregation)
Anti-inflammatory Anticoagulant/
(Inhibition of leukocyte adhesi Profibrinolvti
ek, Tk, | g eime
Healthy endothelium

Endothelinm-dependent Antihypertrophic

i P (Inhibition of vascular SMC

vasodilation sirakifration-sad migation)

Figure .6: The roles of healthy endothelium (Landmes=aal.,2004).

The endothelium releases various vasoactive factohese can be vasodilatory factors
such as nitric oxide (NO), prostacyclin (BGand endothelium derived hyperpolarizing
factor (EDHF) or vasoconstrictive factors suchrasinboxane (TXA) endothelin-1 (ET-1),
angiotensin II, urotensin Il , superoxide, prosadins (Figure.7) ( Rodriget al., 2012;
Gutiérrezet al., 2014; Wanget al., 2014). Overall, vascular homeostasis depends en th

balance of the bioactive factors released by thdotrelium. Thus, a dysfunction of the
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endothelial cell disrupts this balance and leadsaaalled endothelial dysfunction (Perez-

Vizcainoet al.,2010).

2.2. Vascular smooth muscle cells

The vascular smooth muscle cells (VSMC) constitiéeemedia layer and are arranged
in helical or circular layers around the largerdalovessels and in a single layer around
arterioles. VSMC provide active tension in the etsgall and regulate the diameter of the
vessels and are not only involved in the short-tezgulation of blood vessel diameter, and
therefore in the regulation of blood pressure, dnét also involved in long-term adaptation

through structural remodeling (Rodrigbal.,2012; Gutiérrezt al.,2014).

2.3. Contraction mechanisms of VSMC

Contraction in vascular smooth muscle can be teiicdoy mechanical, electrical, or
chemical stimuli. Passive stretching of vasculaoatih muscle can cause contraction that
originates from the smooth muscle itself and isrdfe@e termed a myogenic response

(Shiogaiet al.,2010).

A number of chemical stimuli such as norepineghramgiotensin Il, vasopressin, and
endothelin-1 can cause contraction. Whereas achibiyhe, NO, ATP, bradykinin, ADP,
substance P, Atrial natriuretic peptide causedatilan through hyperpolarisation, cAMP or
cGMP increase (Figure. 7) (Ferrost al.,2006; Perez-Vizcainet al.,2010; Shiogaiet al.,
2010). Each of these substances binds to speedaptors on the vascular smooth muscle cell
(or to receptors on the endothelium), which ther$eto vascular smooth muscle contraction
or dilatation. Two major biochemical pathways o gimdothelium that determine the vascular

tone are the NO synthesis pathway and the COX @athwhich generates both vasodilator

24



Review of literature

and vasoconstrictor prostanoids via the metabotioversion of arachidonic acid (AA)

(Senejowet al., 2012).
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Figure. 7: Relaese of relaxing and contracting factors fremothelial cells and their effect on
vascular smooth mluscles. AC:Adenyl cyclase, ACHgiatensin converting enzyme; ATP
adenosine
ECE:
endothelin converting enzyme; EDHE: endothelin\astihyperpolarizing factor; eNOS: endothelial

:adenosinetriphosphate; Al : angiotensin | ; All Angiotensin 1l; cAMP:cyclic

monophosphate; cGMP: cyclic guanosine monophoplasphCOX: cyclooxygenase;
nitric oxide synthase ; ET-1 : endothelin-1; GTBuanosine triphosphate; NO : nitric oxide; O
superoxide anions; PGH prostaglandin B PGL: prostacyclin; R : receptor; sGC : soluble guahyly
cyclase; SR : sarcoplasmic reticulum; TAXhromboxane A2 (Shiogat al., 2010).

Generally, contraction of VSM in resistance adsriand arterioles is directly

influenced by cytoplasmic concentration of freecitah (C&"). Activation of protein G leads
to the generation of {Pthat releases &a from the sarcoplasmic reticulum followed by an
influx of extracellular C& through voltage-dependent Cahannels, resulting in the
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formation of the Cd—calmodulin complex, which in turn activates theyene myosin light
chain kinase (MLCK). Activated MLCK phosphorylatése myosin light chain, thereby
allowing cycling of cross-bridges between actin anglosin and thus VSM contraction
(Wilson et al., 2002; Korthuiset al., 2011). Owing to the circumferential alignment bét
long axis of VSM cells around the vessel lumen ti@mtion results in shortening of VSM and
reduces arterial and arteriolar diameter. Smootlscheucontraction is modulated also at
constant [C&]; by changing the sensitivity of contraction to f{GacGKI interferes both

with the increase in [G4; and with the C& sensitivity at several levels (Hofmann, 2005).

A decrease in [Gd]; inactivates MLCK and induces dephosphorylationrefjulatory
light chains (RLC) by MLCP, leading to relaxatiodLCP is inactivated via Rho-kinase-

dependent phosphorylation (Weébal.,2003).

3. Hypertension

Hypertension is a sustained elevation of systemerial pressure to a level greater than
or equal to 140 mmHg systolic and 90 mmHg diastblmod pressure (Wakt al., 2012;
Gutiérrezet al.,2014). It is one of the most important risk fastéwr cardiovascular disease
and is associated with coronary heart diseasep®ra@scular disease and renal disease.
Therefore, hypertension is a major cause of madgpidnd mortality, hence become an
increasingly important contributor to the globalalte burden (Meera and Marcus, 2012;

Katoch et al.,2013; Athirohet al.,2014).
3.1. Types of hypertension

Hypertension may be categorized as either essentiasecondary. Essential

hypertension is diagnosed in the absence of antifidéte secondary cause (essential
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hypertension is also called primary or idiopathypértension) and is responsible for nearly
90 % of all hypertension cases. Essential hypadenis the misregulation of a complex
interaction between genetic (Katochet al., 2013) and lifestyle factors affecting the
physiological systems regulating blood pressuréi(dh et al.,2014) as chronic levels of
elevated psychological stress, high alcohol intakepking, sedentarity, high salt intake as

well as obesity (Whitney and Rolfes, 2008).

Secondary hypertension is associated with an widgrHisease, which may be renal,
neurologic, or endocrine in origin; examples of tsudiseases, glomerulonephritis,

atherosclerosis of blood vessels in the brain,@mshing’s syndrome (Katocht al.,2013).

3.2. Prevalence

Hypertension is known as the silent killer and ésponsible for developing other
diseases such as metabolic syndrome, diabeted, dgsfanction, congestive heart failure,

coronary heart and cerebrovascular diseases (¥aalg 2014).

Actually, it affects approximately 1 billion ¢iie adult population worldwide and is
estimated that this figure could increase to 1l&ohi by 2025 (Gutiérrezet al., 2014).
Worldwide, around 30% of the population dies froardiovascular and cerebrovascular
events, in which 62% of acute stroke events and 49%ardiovascular events are directly
caused by hypertension (Athir@h al., 2014). According to the World Health Organization
(2010), global status report on non-communicabéeaies indicated that the African region
has the highest prevalence of hypertension estdnaittel6% of adults aged 25 and above
(Ikewuchi et al.,2014). In Algeria, it affects 30% of adults bdgm a survey carried out in

two pilot regions, Setif and Mostaganem (Benmohathetel.,2011).
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3. 3. Pathophysiology of hypertension

The exact pathophysiology of hypertension has eenbunderstood completely, but a
number of pathophysiological mechanisms have beparted from time to time. The rise in
peripheral resistance in established hypertensamnbeen suggested to be attributed to the
structural narrowing of small arteries and arteso{Desiret al.,2012). In addition, decrease
in the number and density of capillaries has alsenbnoted to be part of the cause

(Montezano and Touyz, 2012).

Further, hypertension has been linked with redupedpheral venous compliance,
enhancing the venous return and cardiac prelodmaikly causing diastolic dysfunction.
Moreover, occurrence of high pulse pressure inatygri patients presented with hypertension
or isolated systolic hypertension has been sugdédstde caused due to increased arterial
stiffness associated with aging. Furthermore, othechanisms have also been denoted for
the development of increased peripheral resistarigeh includes disturbances in renal salt
and water management, particularly abnormalitiethénintra-renal renin-angiotensin system,

and dysfunctioning of the sympathetic nervous sygqt@onuet al.,2013).

Additionally, various evidences have suggestedehdbthelial dysfunction, aberrant G
protein-coupled receptor signaling and vasculalamimation also contribute to enhanced
peripheral resistance and vascular damage in ésiskeypertension. Common to these factors
is long-term oxidative stress, which causes ovehpcton of vascular reactive oxygen
species, decrease in nitric oxide bioavailabilitgl @ reduction of antioxidant capacityiel

et al.,2010).
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3.4. Oxidative stress and hypertension

Oxidative stress may contribute to the generatims @ar maintenance of hypertension
via a number of possible mechanisms. These incjuéaching of the vasodilator nitric oxide
(NO) by ROS such as superoxide; generation of \asidctor lipid peroxidation products,
such as F2-isoprostanes; depletion of tetrahydpabion (BH,), an important NO synthase
cofactor, and structural and functional alteratiamghin the vasculature. These vascular
changes may be mediated in several ways, includingct damage to endothelial and
vascular smooth muscle cells, effects on endothediheicosanoid metabolism, altered redox
state, increases in intracellular free calcium emtr@tions, and stimulation of inflammatory

and growth-signaling events (Amanullahal.,2012 ; Aquil et al.,2013).

Vascular oxidative stress has been demonstratedainy forms of experimentally
induced hypertension, such as angiotensin (Angnéidiated hypertension, salt—sensitive
hypertension, lead-induced hypertension, obesig@ated hypertension, aldosterone-
provoked hypertension, and nitric oxide synthasgbitor—induced hypertension ( Taniéd
al., 2004; Amanullah et al., 2012). Unlike the findings in animal models, thes@ciation
between oxidative stress and hypertension in hgniaress consistent, and results vary
depending on the marker of oxidative damage beaiwvgstigated ( Ward and Croft, 2006;

Amanullahet al.,2012; Gutiérreet al.,2014).

3.4.1. Endothelial dysfunction

Endothelial dysfunction is largely equivalent twetinability of the endothelium to
generate adequate amounts of bioactive (lD<et al.2013). In the vasculature, the potential
sources of ROS include NADPH oxidase, uncoupled #&Nkanthine oxidase,

cyclooxygenase (COX), the mitochondrial respiratomain, and neutrophils. Among these,
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NADPH oxidase is generally considered the majoraof vascular ROS (Rodriget al.,

2012).

During vascular oxidative stress, superoxide preducy the NADPH oxidase reacts
with NOe resulting in the formation of peroxynigifONOO-). This reaction leads to the
decrease in amount of NOe, which as previously aet, is one of the main vasodilators of
blood vessels. In return, the ONOO- oxidizes,Bbhe of the cofactors of eNOS , leading to
the uncoupling eNOS, and the production of moge Which lead to a further decrease in
NOe levels (Figure.8) (Gutiérrezt al.,2014; Lavie, 2014).

External stimuli
(Hypertension/Ang ll/hy percholesterolemia/Diabetes/Mechanical forces)

Oxidase

\ BH, oxidation
‘n part OONO- mediated)

}

Endothelial cell

0,/

H,0,
Figure. 8: Uncoupling of endothelial cell nitric oxide syntleageNOS) by oxidation of
tetrahydrobiopterin (BH4) (Harrisoet al.,2007).

As we know that under physiological condisdhe eNOS which produces NOe in
the vasculature acts as an anti-hypertensive ahdhanmbotic factors. It relaxes vascular
smooth muscle cells, inhibits leukocyte adhesiord platelet aggregation and adhesion to

endothelial cells in the vascular wall (Lavie, 2D14
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Figure. 9: Effect of reactive oxygen species (ROS) on variotgans leading to hypertension. (A):
ROS can promote vasoconstriction by inactivatiomific oxide (NO), leading to an increase in
systemic vascular resistance. (B): ROS can caugdroe damage and drop-out, promoting
hypertension. (C): In the central nervous systef®SRn the circumventricular organ stimulates
sympathetic outflow and hypertension. (D): ROS patl in the vessel wall can damage afferent

nerve terminals, leading to alteration of the beflex (adapted from Harrisaat al.,2007).

Thus, reduction of NO bioavailability promotes vascular smooth muscldl ce
proliferation and hypertrophy and collagen depositileading to thickening of the vascular
media and narrowing of the vascular lumen. In aoldjtincreased oxidative stress may
damage the endothelium and impair endothelium-digr@rnvascular relaxation and increases

vascular contractile activity (Figure 9. A) (Amalai et al.,2012; Meera and Marcus, 2012)
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and subsequently an increase in systemic vascedistance (Harrisopt al., 2007). Also,
decreased levels of NOe can increase the sympathetivity in the blood vessels leading to

vasoconstriction which promotes hypertensiongfial.,2013).

3.4.2. Renin-Angiotensin system

ROS can act on angiotensin converting enzyme (AlGH)crease its catalytic activity
resulting in increase in angiotensin Il productiajch in turn is a potent vasoconstrictor and
is implicated in the pathogenesis of hypertensidngiotensin Il is a major endogenous
inducer of NADPH oxidase, increasing NADPH concatibn subsequently increases
vascular intimal ROS production with resultant gese in oxidative stress and induction of
vascular remodeling and endothelial dysfunctionjctvhare associated with high rates of
blood pressure (Hitomet al., 2007; Meera and Marcus, 2012). In rats and micergh
hypertension is induced by infusion of angiotensjrthe expression of the subunits of the
NADPH oxidase, the oxidizing activity and ROS gextien are increased (Landmesseal.,

2003).

This angiotensin Il not only increases the activith NADPH oxidase, but also
upregulates the activity of SOD, possibly to congade the increased levels of ROS. In
situations where this compensatory effect is eiffectthe ROS levels may remain normal,
even in pro-oxidant conditions. However, when R@&lpction becomes uncontrollable, the
compensatory mechanisms are insufficient and ppgtimlogic consequences are triggered
(Taniyamaet al., 2003). Treatment with liposome-encapsulated SODther membrane-
permeable SOD diminishes the increase in blood spres caused by angiotensin I
administration, suggesting that stimulation of«Pformation is critically involved in the

blood pressure response to angiotensin |l (Ka&ici.,2013).
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NOe not only antagonizes the effects of angiotetisom vascular tone, cell growth and
renal sodium excretion, but also down-regulatessihehesis of ACE and the expression of
angiotensin | receptors. Therefore, ACE inhibitigoregulates the expression of the NOS.
The ability of angiotensin Il to induce endotheldisfunction is also due to its ability to
downregulate the soluble guanylyl cyclase, causiagnage in the signaling of NO/ cGMP

(Gutiérrezet al.,2014).

3.4.3. Alteration of kidney functions

ROS play a key role in the pathophysiological psses of various kidney diseases,
which are considered causes and consequences @frtérygion. With respect to the
glomerular changes, ROS produce glomerulopathioplgteins and other glomerular
inflammatory lesiongRodrigo and Rivera2002). A recent study showed that some lipid
conglomerates produce NADPH oxidase activation thiedproduction of ROS, which is an
important molecular mechanism that stimulates homsteine, which favors the oxidative
damage to podocytes. This damage may representady phenomenon that starts
glomerulosclerosis during hyper-homocysteinentighang et al.,, 2010). One of the
underlying mechanisms of tubulointerstitial injunpediated by ROS, is the exposure of
tubular cells to LDL, which may cause alterationsthe interstitium tubules due to the

production of ROS by NADPH oxidagBiccoli et al.,2009).

Angiotensin Il not only has a pathogenic role ie frogression of tubulointerstitial
injury, but also in obstructive nephropatf@randeet al., 2013); it also activates NADPH
oxidase and generates*Ocausing hypertrophy of renal tubular cells (Sachsd Wolf,
2007).There are findings that suggest that a haghdfet induces renal inflammation and

elevation of blood pressure via ROS in rats (Cheingj.,2010).
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Also, chronic angiotensin Il infusion increases reggion of Nox1 and pphox and
decreases expression of extracellular SOD (ec- S@f)je kidneys in rats. In renal tubular
cells, increased levels of,© and diminished NO promote sodium reabsorption alber
tubuloglomerular feedback, leading to sodium anllime-dependent hypertension. There is
also evidence that ROS cause glomerular damag@rateinuria. Increased superoxide has
been associated with nuclear factd activation and apoptosis in tubulointerstitialie
Together, these effects of ROS can not only stiteus@dium and kD retention but cause

nephron loss, leading to hypertension (Figure. $Hrisonet al.,2007).

3.4.4. Alteration of central nervous system functio

Many studies suggest that increased brain oxidaivess is strongly implicated in
pathological signaling leading to hypertension inframework that includes increased
sympathetic activity (Zimmermaet al.,2004; Guyenett al.,2006). In the other hand, it was
reported that in male Dahl salt-sensitive ratsrdased brain oxidative stress, possibly via
O," ~ production by activation of NADPH oxidase, may el&v arterial pressure through
central sympathoexcitation (Fujigt al., 2007). Grandeet al (2011) have shown also that
systemic administration of Tempol, a SOD memiduced arterial pressure as well as
urinary excretion of oxidative stress markers armtluced both angiotensin Il and
norepinephrine plasma levels in transgenic hypsite mice. Moreover, administration of

apocynin (inhibitors of NADPH oxidase), agrees abeve results.

Also, it was reported that overexpression of SODthe circumventricular organs
markedly reduced the hypertension caused by systangiotensin Il infusion. Moreover, the
NADPH oxidase in the hypothalamus has also beerligatpd in associated with ROS

angiotensin-ll-induced hypertension (Hariszral.,2007).
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The rostral ventrolateral medulla is the largestovaotor center, and is essential in the
maintenance of basal vascular tone. Some resuits #fiat an increase in the ROS at this
level increases the vasomotor stimulation of spwedas hypetension through the
sympathetic nervous system activation (Gutiéeeal., 2014). Taken together, these studies
indicate that centrally produced ROS can stimulsyenpathetic out flow, leading to

hypertension (Figure 9.C).

Finally, there is evidence that carotid baroreflegetting, an important consequence of
hypertension, is mediated by ROS. This can prettennhormal bradycardia and sympathetic
withdrawal that accompanies elevations of pressang, thus plays a permissive role in

hypertension (Figure. 9 D) (Harrisethal.,2007).

3.5. Oxidative stress biomarkers of hypertension

Studies in diverse experimental models of hyperenbave demonstrated raised pro-
oxidant activity and ROS levels, increased lipidopé&ation, altered antioxidant defenses and
increased ROS mediated damage (Sietial., 2003; Grandet al., 2011, Yanget al.,2014;
Deoghareet al., 2014). Bilanda et al (2010) showed thatreatment with Allanblackia
floribunda (Clusiaceae) aqueous extract in alcohol- and sadrmhiced hypertensive rats
significantly prevented the increase of SOD , mdialdehyde (MDA), catalase and the

decrease of GSH concentrations in aorta, hedrigl and liver of rats.

In human hypertensive patients, there is alsoemdd of redox dysfunction. It was
reported a higher superoxide and hydrogen perogideuction in hypertensive subjects,
which returned to levels observed for control satgeafter blood pressure reduction
(Amanullah et al., 2012; Aquil et al., 2013). Due to reduced activity of catalase and

superoxide dismutase, the production of hydroxyigal is enhanced which may also
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contribute to oxidative stress, thereby favoringidi peroxidation with subsequent rise in
MDA level (Meera and Marcus, 2012). Also, hydroxwdicals may be produced from
decomposition of hydroperoxynitrites and may trigdipid peroxidation (Athirohet al.,
2014). Thus, an elevation of several lipid pé&takon markers, such as MDA, 4-hydroxy-
2-nonenal (HNE), thiobarbituric acid reactive sabses (TBARs), 8-isoprostanes and
oxidized low-density-lipoprotein (oxLDL) has albeen observed in plasma or serum, urine
or blood cells of hypertensive patients compaceddrmotensive patients ( Bilan@a al.,
2010; Amanullafet al.,2012 ; Wali et al.,2012; Aquilet al., 2013; Kachhaweet al.,2014).
Similarly, antioxidant enzymes (SOD, Catalase, GMire significantly decreased in
prehypertensive and hypertensive group when cordpaite normotensive group (Meera and
Marcus, 2012; Aquikt al.,2013). Furthermore, the negative correlation betw®&BP, DBP
and GSH/ GSSG ratio observed in essential hgpsirtes subjects indicated the significant

oxidation of GSH by increased ROS (Kachhatal.,2014; Deogharest al.,2014).

All, these studies confirmed that essential higresion is associated with greater than
normal of lipoperoxidation and an imbalance ini@itlant status, suggesting that oxidative
stress is important in the pathogenesis of essdntertension or in arterial damage related

to essential hypertension.

3.6. Treatment of hypertension

3.6.1. Medication

In severe cases of hypertension, a combinationifestyle changes as well as
medication is needed in order to lower the bloaekpure to an acceptable level. Medications
that are used for the treatment of hypertensionkata-adrenergic blockers, calcium channel

blockers, angiotensin 1l receptor blockers, Angigia-converting enzyme inhibitors
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(ACEls), diuretics, as well as vasodilators (Guytord Hall, 2006). Some of these classic
antihypertensive agents (ACEIs and angiotensiedeptor type 1 blockers) showed ability
to decrease the vascular oxidative stress in adit their blood pressure lowering effect.
Thus, these agents may prove beneficial in long teeatment of hypertension (Gutiérretz

al., 2014; Deoghare efal., 2014). In hypetention associated with oxidativeess,

pharmacological means to prevent oxidative stressof major therapeutic interest. Some
established drugs and novel therapeutic approaches prevent oxidative stress and,

presumably, vascular disease and hypertension.

Treatments with ROS inhibitors (Apocynin, Gp9ldsand Allopurinol) (Heumulleet
al., 2008) or antioxidants in experimental modelshgpertension are generally more
effective in preventing rather than reversing thgdrtension (Kruget al., 2008). Once
triggered, these pathways may be sufficient toasniste deleterious effects of oxidative

stress even after ROS blockade or elimination (&etial.,2012).

Many natural antioxidants have been suggesteth&treatment and prevention of the
essential hypertension associated with ROS pramtucivhich include Vitamin A, C, E,
coenzyme Q10 (CoQ-10), L-argininejipoic acid and flavonoids (Soret al., 2013). Also,
antioxidant drugs as Tempol, N-acetylcysteine,ygiblylene glycol-catalase, ebselen,
polyethylene glycol, statins, nebivolol, pentaetith tetranitrate (PETN), resveratrol and
BH, were effective to scavenge superperoxide hgmlloperoxide or to stabilize eNOS

and catalase (Sousaal.,2012, Liet al.,2013).

3.6.2. Phytotherapy of hypertension

The World Health Organization (WHO) defines tramtal medicine as "the total
combination of knowledge and practices, whetherliexiple or not, used in diagnosing,
preventing or eliminating physical, mental or sbcliseases and which may rely exclusively
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on past experience and observation handed downdesraration to generation, verbally or in
writing”. WHO estimates that 80 % of the populatidiving in rural areas in developing

countries depend on traditional medicine for tieialth care needs (Hendlal.,2012).

Ethnopharmacological surveys carried out in manytspaf the world, including
Algeria, have identified hundreds of plants usedfatk medicine for the treatment of
hypertension, and studies in experimental animaige lkconfirmed the ethnomedical use of

some of these plants (Table .1).

In Morocco, about thirty hypotensive medicinal pawere selected among them were
Allium sativum Olea europea Arbutus unedp Urtica dioica, Ajuga ivg Allium cepa
Artemisia herba-albaCarum caraway, Nigella sativa Rosmarinus officinalisOriganum
majorang Peganum harmalaandPhoenix willdactylifera Ziyyat et al.,1997; Tahraoui and

Ali, 2007)

In Egypt, the most medicinal plants used for tieatiment of hypertension arbiscus
sabdariffg Allium sativum Cazrum carawayHyphaene thebaicaand Origanum majorana
(Abou Zid and Mohamed, 2011). Whereais, the countries of the Middle East, the most
hypotebnsive plants used alium cepa Olea europaeaPistacia palaestina, Bryonia dioica
(Aburjai et al., 2007), Allium satium Viscum albumPlantago major Urtica dioica, and

Scorzonera semicar(€akilciogluet al.,2011).

In Algeria, an ethnopharmacological survey caroed in Setif region revealed the
use of 62 medicinal plants belonging to 31 farili@ the treatment of hypertension and the
most plants used weréAllium sativum, Mentha spicata, Olea europaea, rézslinum
crispum, Artemisia herba-alba, Laurus nobilis, Rasimus officinalis, Eucalyptus globulus,
Marrubium vulgare, Origanum glandulosum, Trigonell@enumgraecum, Coriandum
sativum, Myrtus communandCrataegus azaroluBouazizet al.,2012).
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Table .1: Studies in experimental animals in the world @omhg the ethnomedicinal use of some

hypotensive plants.

Plants
Achillea millefolium

Ajugaiva

Allium sativum
Artemisia herba-alba
Carum copticum
Coriandrum sativum
Crataegus tanacetifolia
Crataegus Oxyacantha
Crataegus azarolus
Cynodon dactylon

Foeniculum vulgare

Herniaria glabra
Hibiscus sabdariffa

Juglans regia
Lavandula officinalis
Lepidium sativum
Marrubium vulgare

Myrtus communis
Nigella sativa

Olea europaea
Peganum harmala
Petroselinum crispum

Rosmarinus officinalis
Tribulus terrestris

Urtica dioica
Viscum album

Family
Asteraceae

Lamiaceae
Liliaceae
Asteraceae
Apiaceae
Apiaceae
Rosaceae
Rosaceae
Rosaceae
Poaceae

Apiaceae

Caryophyllaceae
Malvaceae

Juglandaceae
Lamiaceae
Cruciferae
Lamiaceae

Myrtaceae
Ranunculaceae

Oleaceae
Zygophyllaceae
Apiaceae

Lamiaceae
Zygophyllaceae

Urticaceae
Loranthraceae

Extract
Hydroethanolic extract
(leaves), iv.

Ag-ext (WP), po.
Bulbe (diet)

Ag-ext (AP), p o.
MeOH ext (seeds)

Ag-ext (seed), po.
Ag-ext (leaves),p o
Ag-ext (leaves), p o.
MeOH and EA- ext, iv.

Reference
Almeida et al.(2011)

El-Hilagt al. (2004)
Malik and Siddiqui (1981)

Al-Waili (1988)

Gilani(2005)

Medlnal. (1986)
Kocyildiz et al(2006)
Abdul-Ghani(1987)
Bouazizet al(2014)

Essential oil (rhizome) Artizzu et al. (1996)

p o.
Ag-ext (seed), po.

Saponin (leaves), po.
Ag-ext (calyxes),p o.

Ag-ext (leaves), p o.
Ag-ext (flowers), p o.
Ag-ext (WP), p o.
Ag-ext (AP), p o.

MeOH and EA- ext, iv.
Oil (seed), p o.

Ag-ext (leaf), p o.
Ag-ext (seed)in vitro
Ag-ext (AP), p o.

Ag-ext (AP), p o.
MeOH and Ag-ext

(WP), iv.

Ag-ext (AP), iv.
Ag-ext (leaves) ,p o.

Beauxet al. (1997)

Rhioedaal. (2001)
Herrera-Arellancet al.,
(2007)

Perusefugd. (1995)
Elhajili et al.(2001)

Maghragti al. (2005)
El Bardaiet al. (2001)

Bouaztal (2015)
El Tahiret al. (1993)

Cheet al. (1996)
Aquel and Hadidi (1991)
Neuhaus-Carlisteal.

(1993)
Haloui et al. (2000)
Phillips et al. (2006)

Tahriet al. (2000)
Samochoveeal.
(1955)

AP: aerial part; Ag: agueous; ext: extract; MeOHtinanol; EA: Ethyl acetate

WP: whole plant. Mode of administration: | v.:r@wenous; p o.: oral.
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4. Selected Plants

4.1.Crataegus azarolus L.

Crataegusspecies (Rosaceae), known as “Hawthocamprise approximately 280
species which are native to Mediterranean regiaortiNAfrica, Europe and Central Asia.
The genus nam€rataeguss derived from a Greek woidratos meaning hardness of wood
(Arya and Thakur, 2012). Most species of Hawthmawe prominent, long, straight and sharp
thorn, ranging from 1-5 inches. In Mediterraneagiar, the predominant species of the genus
Crataeguds Crataegus azarolug. (C. azarolu$ that populates the mountains of these areas
(Shatoor, 2011). In Algeria, it is especially lbzed in the tell of Constantine region, and

known under the name of "zaaroura" (Saadeutdil.,2012).

4. 1.1. Botanical description

Azarole tree C. azarolusL.) is a deciduous tree growing up to 5-8 m hififhe young
branches are felty, with a brown bark and a thanmyThe leaves grow spirally arranged on
long shoots, and in clusters on spur shoots orbtaeches or twigs. The leaf is triangular-
cunate, and its base narrows gradually towardgétiele. Its end is cleaved into 3-5 lobes. It
is 3-5 cm long, and its texture is rather leathéflge flowers are white, typical of the
Rosaceae, and are arranged in dense clusters ®fléwlers. The calyx is campanulate, and
its five lobes are rolled back. The corolla haspasate rounded leaves. It has a diameter of
1.5 cm and contains 2 styles and 5-25 stamensfriihecalled the azerole; it is up to 25 mm
in diameter and contains 1-3 large seeds. Whemtiinas, its skin color changes from white

cream to yellow (Figure. 10) (Koyunat al.,2007; Saadoudit al.,2012).
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The botanical systetematic of this plant is asgdlewing (Quezel and Santa, 1963):
Kingdum: Plantae

Phyllum: Tracheophyta

Class: Magnoliopsida

Order: Rosales

Family: Rosaceae

Genus: Crataegus

SpeciesCrataegus azaroluk.

Figure.10. Different parts of C.azarolus L.: A: leaves, B: flowers and C: fruits

(http://www.vivaigabbianelli.it/frutti-vari/2122-aeruolo-bianco-crataegus-azarolus.html)

4. 1.2.Traditional uses

Crataegusspecies have been used traditionally for treatengliovascular diseases as
congestive heart failure, angina, hypertensionipperal vascular disease, hyperlipidaemia
and diabetes mellitus (Lingt al., 2007; Abdul Kareenet al.,2009; Shatooet al.,2012), in
addition to their use in Turkey as therapeutic &den treatment of cough, flu, asthma,
stomach ache, rheumatic pain, nephritis, hemorshomhrdiac diseases (Kultur, 2007,
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Ozyureket.al, 2012). Several ethnopharmacological surveyshertherapeutic use ofC.
azarolus revealed its usen the Arab traditional medicine to treat cardiouaar diseases, as
well as cancer, diabetes and sexual weakness (hubet al.,2005). Furthermore, the fruits
and flowers of this plant have a hypotensive eféectvell as acting as a direct and mild heart
tonic. They are especially useful in the treatmeiheart conditions associated with high
blood pressure (Esmaeét al.,2013). In Algeria, the leaves @f. azarolusare recommended

as hypotensive agent (Bouaeizal.,2012).

4. 1.3. Chemical composition

The phytochemical studies revealed that the mammponents in hawthorn are
polyphenols (Svedstronet al.,, 2006): catechins, mainly (-)- epicatechin, oligoime
proanthocyanidins such as the prominent B2 dimpracyanidin, and flavonoids such as
hyperoside (flowers and fruits) and vitexin-2"-Carhnoside (leaves))( Froehlichest al.,
2009). Many of these phenolic compounds have bhewn to be cytoprotective by reducing

oxidative stress (Rice-Evans, 2004; Ljubuneical.,2005).

HPLC analysis of folwers buds and open flow&fr€. azarolusgrown in Tunisia
revealed the presence of two flavan-3-ols ((-)-&gchin and procyanidin B2 dimer), the
cholinergic acid and five flavonoids (hyperosideitir, spiraeoside, isoquercitrin and

quercetin) (Bahri-Sahlowt al.,2009).

4. 1.4. Pharmacological properties

Crataegusspecies possess immense medicinal applications, tewt species have been
screened for their biological activities. The expental results have shown a wide spectrum
of such effects.Crataegusmay improve coronary artery blood flow and the cactions of

the heart muscle, hence used widely in cardiovasalisorders like arrhythmia, myocardial
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infarction, congestive heart failure and hypertensjLonget al., 2006; Tadicet al., 2008;
Froehlicher et al., 2009; Kumar et al., 2012). Crataegusextracts also prevent lipid
peroxidation (Ljubuncicet al., 2005). It inhibits ACE and reduces production loé potent
blood vessel-constricting substance angiotensirhéhce acts as hypotensive and diuretic
(Schroderet al., 2003, Kumatret al., 2012). Also,C. aronia demonstrated to have an anti-
coagulant effect, and prolongs the bleeding tim& tvie inhibition of thromboxane B2

synthesis (Shatoat al.,2012).

4.2.Myrtus communisL.

The genusMyrtus(family Myrtaceae) comprises flowering plants wigipproximately 16
species native to Southern Europe, North Africa #ekt Asia (Barboni et al., 2010;
Sumbulet al., 2011; Aleksic and Knezevic, 2013). Tefidyrtus"” comes from Greek
word " myrtos ( Plant or shrub ) andommunismeans common plant growing in groups
(Sumbulet al.2011). Myrtus Communig M. communis known as true myrtle, is typical of
Mediteranian flora (Mimica-Duki et al., 2010) and grows spontaneously in many countries
(Spain, France, Tunisia, Algeria and Morocco) (Masst al., 2010). In Algeria, M.
communid.. is widespread especially in the Tell Atlas andhe coastal regions of Algiers
and ConstantinéBouzabataet al.,2013 a). It is commonly known under the name @hien.
Another species of the Myrtld/fyrtus nivelleiBatt. &Trab) can also be found in the central

Sahara (Hoggar) called locally Tefeldest (Moghiamd Maachi, 2008).
4. 2.1. Botanical description

The common myrtle has upright stem, 2.4-3 m highbranches form a close full head,
thickly covered with evergreen leaves. The stenthef plant is branched and dark green

leaves are glossy, glabrous, coriaceous, oppgstieed or whorled, ovate to lanceolate with
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stiff structure, aromatic, entire margined, acurterend 2.5-3.8 cm long, glands absent in the
lamina. It has axillary white flowers on slendedpecles; medium sized about 2 cm in diam.,
stiff having yellow anthers. The petals are puratevivith glands and somewhat tomentose
margin covered with fine hairs (Figure.11). Theyegoff a sweet fragrant smell. The glabrous
berry has rounded (vaselike) shape with a swoléariral part and remnants of persistent 4-5
partite calyx at the outer part. The developedt fisiinitially pale green, then turns deep red
and finally becomes dark indigo when fully maturég(re.11). They are bitter when unripe,

sweet when ripe (Sumbaet al.,2011).

Systematic of myrtle is as the following (Quezell &anta, 1963):

Kingdum: Plantae

Phyllum: Tracheophyta

Class: Magnoliopsida

Order: Myrtales

Family: Myrtaceae

Genus: Myrtus

SpeciesMyrtus communis.

Figure. 11: Different parts oM. communid..: A: flowers and B: fruitsAleksic and Knezevic,
2013).
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4. 2.2. Traditional uses

Myrtle has been used for medicinal, food and spiogoses since ancient times. Fruits
possess antiseptic, astringent, carminative, dassic demulcent, analgesic, anti-
inflammatory, antiemetic, diuretic, stomachic, hastatic, nephroprotective, and antidiabetic
properties (Sumbuét al., 2011; Aleksic and Knezevic, 2011). Leaves aréndd to be
astringent, antiseptic, hypoglycaemic, laxativeglgesic, haemostatic, stimulant and are used
also against respiratory diseases (Sundiudl., 2011; Aleksic and Knezevic, 2011). In
Algeria, the decoction of myrtle aerial partéeommended as hypotensive (Boudjeladl.,

2013), hypoglycemic and anti-inflammatory agentsyBabata, 2013 b).

4. 2.3. Chemical composition

Many studies have been reported the presencehefqtic acids (ellagic, gallic,
caffeic, syringic , vanillic and ferulic acidahd flavonoids (catechin, myricetin, myricetin-
3-O-galactoside, myricetin-3-O-rahmnoside, hesperidesculin, patuletin, quercetin,
quercetin-3-rutinoside, quercetin-3-O-rahmnosidim ) leaf and fruit  alcoholic extracts.
Tannins comprise hydrolysable tannins (gallotanniasd proanthocianidins (condensed
tannins). This later were represented by delpmrsdO-glucoside, petunidin-3-O-glucoside,
malvidin-3-O-glucoside, cyanidin-3-O-glucoside, pe&tin-3-O-glucoside, delphinidin-3-O-
arabinoside, petunidin-3-O-arabinoside and matvgHO-arabinoside (Romaset al., 1999;
Montoro et al., 2006; Aidi Wannest al., 2010; Tuberoset al., 2010). Furthermore, the
main compounds responsible for the flavor of leaarss fowers myrtle oil are monoterpenes:
1,8-cineole, myrtenyl acetate;pinene, myrtenol, limonene (Mimica-Dgkiet al., 2010,

Aidi Wanneset al.,2010)
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4. 2.4. Pharmacological properties

Antibacterial properties of myrtle essential @itel extracts against pathogenic bacteria
and fungi were reported in many studies (Manseuail.,2001 ; Othmart al., 2007; Sharet
al., 2007; Rattanachaikunsopon and Phumkhachorn, 20&0eiraet al, 2012; Taheret al.,
2013). Also, leaves extracts of myrtle showetkgative inotropic (Al-Zohyret al.1985),
hypoglycaemic as well as hypotriglyceridemic (H#e et al., 1984; Dineekt al.,2007) and

antimutagenic activities (Haydet al.,2008; Mimica-Duki et al.,2010).

Moreover, the plant was assessed for the aréifmmhatory activity by measuring the
suppression of carrageenan-induced paw oedema ide@ mby myrtle  decoction.
Indomethacin was used as the standard drug. Reshtisved that it possessed anti-
inflammatory activity (Amiraet al., 2008). Moreover, Tretiakovet al. (2008) reported that
EC50 3-8 puM of myrtucommulone froml. communisinduced apoptotic cell death in

different cancer cells with low cytotoxicity.

Administration of two doses of aqueous extrac@b(and 175 mg/kg) and methanolic
extracts (93 and 154 mg/kg) of dried berries oftieyiin Wistar rats decreased gastric ulcer
against ethanol, indomethacin and pyloric ligatinduced models (Sumbut al., 2010).
Many reports have described also the antioxidetitiies of different extracts of myrtle and
certain ingredients thereof (Rosa al., 2003; Hayderet al., 2004; Romaniet al., 2004),

implying potential as medicine for the treatmentiseases related to oxidative stress.

4. 3. Origanum glandulosum Desf.

The genusOriganum (Lamiaceaefamily) comprises approximately 42 species which
are widely distributed in Eurasia and North Afri@@hishti et al., 2013). However, the

majority of these species, approximately 80%, amgcentrated in the Mediterranean region
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(Skoulaet al., 2008). Origano is often regarded as the wild shafpenarjoram and the
origano term comes from two Greek words " oros" amgnos” ( glare of the mountain ).
Origanum vulgare ssp glandulosum (Desf.) letswaart, synonymous  wit@riganum

glandulosunDesf. is an endemic spontaneous plant of NorticAffAlgeria and Tunisia). In

Algeria, this species is called " Zaatar" ( Bermlaét al.,2008; Oukilet al.,2011).

4. 3.1. Botanical description

Origanum glandulosunfO.glandulosun is an aromatic, woody-based herb, which
grows to up to 50 cm high (Figure. 12). The leaaesovate, 10-40 mm long and 5-25 mm
wide, and borne opposite each other on the stem.etlges of the leaves are smooth or very
shallowly toothed, and the leaf tips vary from ac(pointed) to obtuse (rounded). The
inflorescence is many-flowered, with flowers grodpeto short dense lateral or terminal
spikes. The corolla is white to purplish, 4-8 mmmdp and has a lower lip which is much
longer that the upper lip. The calyx is five-toath&ach flower has four stamens with purple
anthers. The fruits are achenes (letswaart, 1980aB\issa, 1999). According to letswaart
(1980), theOriganum glandulosuralassification is as follows:

Phyllum: Tracheophyta
Class: Magnoliopsida
Familly: Lamiaceae

Order: Lamiales

Genus: Origanum
SpeciesOriganum vulgard..

Subspecies Origanum vulgaresubspglandulosumDesf) letswaart.
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Figure.12: Morphological aspect ofO. glandulosum. A: whole plant; B: leave
(http://de.academic.ru/pictures/dewiki/79/Oreganpg)

4. 3.2. Traditional uses

Origanumspecies arwell known as medicinal and culinary herb (Kaurimmo\et al.,
2011). they aretraditionally used as an antidiabetic, diaphoretic, carminat
antispasmodic, tonic, stimulant, diure sedative, degasifier, antisep and to treat asthma,
gastrointestinal diseases and constipatiNakiboglu et al., 2007; Kordali et al., 2008;
Shihab et al., 2013). Baser (2002) and Duncet al. (2008) reported also thOriganumhas
been used as expectorant, antihaelminthic andasirgntestinal complaints in Turkish fc
medicine. In AlgeriaQ. glandulosun is used for the treatmeof whooping cough, coug
fever , bronchitis , colds (Saet al., 2006; Bendahowt al., 2008; Khadir et al., 2013),
rheumatism (Orhaet al.,2010), hypertension, digestive disorders ( Bdadljet al.,2013)

and as antiseptic (Belhattet al.,2005) as well as stomachic (Bouza et al.,2013 b).
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4. 3.3. Chemical composition

Secondary metabolites dD. glandulosunihave been studied in terms of polyphenolic
compounds and essential oils (Nakatani Kikdzaki, 1987; Linet al.,2003; Koukoulitsaet

al., 2006; Lianget al.,2010; Skaltsat al.,2010).

According to the study carried out by skoefaal. (2008) using HPLC coupled to
diode-array detection and APCI-MS , the identifsdgnolic compounds of ethanolic extract
of O. glandulosum from Blida (Algeria) were apigenin, 5,6,4 -Trihydroxy-7,3 -
dimethoxyflavone, ladanein, naringenin, eriodictymlomadendrin, taxifolin . However, the
study reported by Oukét al.(2011) on methanolic extract 6f.glandulosuntollected from
Bejaia (Algeria) had been determined the presehgalbc acid, vanillic acidcoumaric acid,

ferrulic acid rutin and naringenin.

In addition, the study of the chemical compositidrD.glandulosunof the area of Setif
(Algeria) carried out by Belhattast al. in 2005, their allowed to highlight 29 compounds.
They found that carvacrol (47%), followed terpinene (13.4%), p-cymene (11.2%) and
thymol (6.6%) are the major essential oils of flant. Moreover, many studies reported that
the polar phenols; thymol and carvacrol are resptnr many of the properties of the these
essential oils (Kulisic et al., 2004; Bozinet al., 2006; Bakkaliet al., 2008; Mohameand

Nassier, 2013).

4. 3.4. Pharmacological properties

Several studies have been published on biologicapgsties of Origanum spp. as
antibacterial §ahin et al., 2004, Bejaouiet al., 2013; Kotana et al.2014), antifungal
(Khosravi et al., 2011), anti-inflammatory , anticholinesterase @zoi et al., 2009), and

antimutagenic effects (Mezzougtal.,2007). In addition, water extract ©f vulgareleaves
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exerted a significant antihyperglycemic activitye(nhadri et al., 2004; Mohamed and
Nassier, 2013) and showed anti-inflammatory atgtivusing 5-lipoxygenase assay (Albano

and Miguel, 2011).

The AlgerianO. glandulosunil exhibited a good antioxidant effect (Belhatttbal.,
2005; Sariet al., 2006) and showed antimicrobial activities agalvestteria, yeast and fungi
such asEscherichia coli, Pseudomonas aeruginosa, Stapbglnes aureus, Enterococcus
hirae, Candida albicans and Candida tropicaliSari et al., 2006; Bekhechgt al., 2008;
Bendahou et al., 2008 ; Oukilet al., 2011; Khadiret al., 2013). Acetone extract @.
glandulosumcollected from Setif region possesses cholinestenahibitory at 25, 50, and

100pg/mL using an ELISA microplate reader ( Orkaal.,2010).

The essential oil was also screenedda@amylase inhibitory effect and showed a
strong capacity to inhibit the degradation of dtalyy pancreatic and salivaryamylase.
These results show th&. glandulosumessential oil could be considered as a natural
antidiabetic agent by decreasing glucose release $tarch and may have potential for use in

the treatment of diabetes mellitus and obesityd8ejet al.,2013).

Furthermore, Khadir et al. ( 2013) proved that the treatment of skin infatsio
especially wounds caused by Panton-Valentine ledko{PVL) positiveS. aureuson Wistar
rats is possible with the essential oil ( 1 and p%f O. glandulosum collected from
Telemcen (Algeria)Also, it has been reported that the Algeranglandulosumessential
oil (Belhattabet al., 2005; Sariet al.,2006) and alcoholic extract (Belhattaibal., 2005;
Oukil et al., 2011) exhibited a good antioxidant effectivenass;g different methods
including DPPH radical-scavenging activity, fersaan-chelating ability, and ferric-reducing

power.

50



Results and discussion

Materials and methods
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1. Materials

1.1. Plant material

The leaves o€. azarolusand O. glandulosumwere collected in June, 2012 from Beni
Ourthilane (Setif), and Jebel Megres (Setif), eetpely. Whereadyl. communideaves were
collected in September, 2012 from Jijel. Plargcsgs were identified by Pr. Hocine Laouar
(Laboratory of Botany, Faculty of Natural and LBeiences, University Ferhat Abbas, Setif

1, Algeria). The leaves were separated, dried usldate and powdered.

1.2. Animals

Healthy male and female adult albino rats weighli®-300 g were used. For the
hypotensive experiments, the rats were obtainesin fanimal house colony of Faculty of
science, The university of Jordan, Amman, JordaAnimals were housed in an air-
conditioned animal room, with 12 h/12 h light/dapkotoperiod, and maintained with

standard dry rodent diet and waaer libitum

However, rats used in the diuretic andvivo antioxidant experiments were purchased
from Pasteur institute, Algiers, Algeria . The aalmwere acclimatized for one week, prior to
experiments. They were fed with standard diet aaterad libitum and kept in a standard

animal facility environment with natural light addrk cycle.

1.3. Chemicals

Linoleic acid, ammonium thiocyanat@;carotene, butylated hydroxytoluene (BHT),
were purchased from Fluka Chemical Co. (Buchs, Zndnd). 2, 2-diphenyl-1-picryl-

hydrazyl (DPPH), ethylenediamine tetraacetic a&i®TA), gallic acid, 6-hydroxy-2,5,7,8-
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tetramethyl chroman-2-carboxylic acid (trolox), 2A4Zino-bis(3-ethylbenzenothiazoline 6-
sulfonic acid) (ABTS), Folin-Ciocalteu reagent, t&sium persulphate, potassium
ferricyanide (K3FeCNS6), trichloroacetic acid (TCAhiobarbituric acid (TBA), Ferrozine,
ferrous and ferric chloride, Furosemide, DTNB(5dithiobis2-nitrobenzoic acid), J,,
reduced glutathion (GSH). These chemicals wereimddafrom Sigma Chemical Co. (St.

Louis, MO) or Merck. All other reagents were obéytical grade.

2. Methods

2.1. Phenolic compounds extraction

The extraction procedure for phenolic compoundmfdry leaves of plant species was
conducted as described by Markham (1982). The pmedelant material (100 g) was
extracted with methanol (85% and 50%), at room tmempre for 3 days. Then, the
suspension was filtered through a Buchner funnélcamcentrated under reduced pressure on
a rotary evaporator to give crude methanolic extfdE). The aqueous solution was
successively extracted with hexane, chloroform atldyl acetate. Each fraction was
evaporated to dryness under reduced pressure ¢ohgxane (HE), chloroform (CHE), ethyl
acetate (EAE), and the remaining agueous (AgEpRetdr The extracts were stored at -20 °C

until use(Figure. 13).
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Extraction with
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Figure.13 Schematic diagram represents the process ofctigtneaccording to Markham (1982) with

Extraction with
ethyl acetate

slight mpdifications.
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2.2. Determination of total polyphenols content irplant extracts

Total polyphenols content was determined by thenFGiocalteu reagent as described by Li
et al.(1997) with slight modifications. Folin-Ciocaltetgnol reagent consists of a mixture of
the hetero-polyphosphomolybdic and phoshotungstidsain which the molybdenum and
tungsten are in the 6+ state. On reduction withtagerreducing agents as polyphenols
(Figure.14), molybdenum blue and tungsten bluefanmed in which the mean oxidation

state of the metals is between 5+ and 6+ (Nethes$,2012).

COOH COO"

Na,CO;,
—_— ==
HO OH HO OH
OH OH

COO™

cCOO™
+ 2Mo*T ——» + 2 Mot +2H*
HO OH O OH
OH O

Figure. 14: Reaction of gallic acid with molybdenum, a comganof the Folin-Ciocalteu reagent

(Nuneset al.,2012).

In brief, 0.1ml of plant extracts were mixed wiitb ml of Folin-Ciocalteu reagent
(diluted 10 times). After 4 min, 0.4 ml of 7.5% saw carbonate (N&£0O;) solution was
added. The final mixture was shaken and then iregb&or 90 min in dark at room
temperature. The absorbance of all samples wasumeehat 760 nm. The amount of total
polyphenols in different extracts was determineuinfra standard curve of gallic acid ranging
from 0.00 to 16Qug / ml (Figure. 15) and the results were expressadilligrams of gallic

acid equivalents per gram of dry extract (mg G46f extract).
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Figure. 15 : Standard curve of gallic acid for the determimatof total polyphenols in various plant

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

2.3. Determination of total flavonoids content in fant extracts

Total flavonoids content in each extract was aeieed by a colorimetric method as
described by Bahoruet al. (1996). Each sample (1 ml) was mixed with 1 ml of&
aluminium chloride (AIGJ) solution and allowed to stand for 10 min. Theaabance of the
mixture was then determined at 430 nm versus methHaank. Results were expressed as
quercetin equivalent per gram of dry extract (mg/QEof extract) using the typical standard

curve for the reactivity of quercetin (0-4@/ml) with AlClzsolution (Figure. 16).
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Figure. 16: Standard curve of quercetin for the determinatibriotal flavonoids in various plant

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

2.4. Phytochemical analysis of phenolic compounds

2.4.1. Extraction

The extraction procedure for phenolic compounds wasducted as described by
Markham (1982). The powdered plant material (1k§)each plant was extracted by
maceration with 5 L methanol (85%) at room tempem for 5 days. The filtered solvent
was evaporated under vacuum and lyophilized toréféo crude methanolic extract (ME)
(144 g, 190.8 g and 102,3 g f0r azarolus, M.communiand O. glandulosunrespectively).
Using the same extraction protocol as above, thielue (100 g) of each plant crude extract
was dissolved in 1L MeOH- 4@ mixture (9:1) and was then partitioned by suadeess

extractions with hexane, chloroform and ethyl aeet&ach fraction was evaporated to
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dryness under reduced pressure to give hexane (HByoform (CHE), ethyl acetate (EAE),

and the remaining aqueous (AgE) extracts.

2.4.2. Column Chromatography

2.4.2.1. Chromatography of C. azarolus ethyl acetate fraction

The EAE (28 g) was fractionated on column chromiaphy using silica gel S (0.063-
0.2 mm, Riedel-Dehaen, 120g, 3.5 cm i.d.). Theroolwvas first eluted with chloroform, and
then with chloroform- methanol mixtures of increwspolarity. Totally, 38 fractions (250 ml
for each) were obtained and similar fractions wawenbined according to their thin-layer
chromatographic plates (TLC), using different salveystems. The resulting eight fractions
were then  purified by preparative thin-layer echadography and the structures of the

isolated compounds were determined by spectrhhtqaes.

2.4.2. 2. Chromatography of M. communis ethyl acetate fraction

The EAE (23 g) was chromatographed over silidacgeimn (0.063-0.2 mm, Riedel-
Dehaen, 120g, 3 cm i.d.) eluted with with CE@HCL: MeOH (95:5-50:50) in a gradient
system. On the bases of TLC behavior, 48 fracti@® ml for each) obtained were
combined together in fourteen fractions. Thée, fractions were purified by preparative
thin-layer chromatography and the structures ofislated compound were determined by

spectral techniques.

2.4.2.3. Chromatography of O. glandulosum ethyl acetate fraction

The EAE (15 g) was dissolved in methanol and dmbron 15 g of silica gel
(Kieselgel 60 Hbss) and then loaded on a silica gel column (0.063A2, Riedel-Dehaen,

2.8 cm i.d.) packed in chloroform. The column wastesl with chloroform, methanol and
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water, thirty eight fractions (250 ml each) weddlected. Then, the fractions were purified
by preparative thin-layer chromatography and tihectires of the isolated compounds were

determined by spectral techniques.
2.4.3. Silica gel glass plates

Merck silica gel glass (0.25mm) was used to colleetsimilar fractions together and to
test the purity of the isolated compounds. Spotewetected by UV light and anisaldehyde

spray reagent.
2.4.4. Structural elucidation

Nuclear Magnetic Resonance (NMRH:NMR **C-NMR and DEPT-NMR, 2D-NMR
(COSY 45, HMQC, and HMBC) spectra were recordethguisa Brucker 500 MHz
spectrometer. Chemical shifts were presented agppamillion (ppm) or thé-scale relative
to tetramethylsilane (TMS). Electrospray lonisatiMass spectra were recorded using
Brucker Daltonics Apex IV, 7.0 T Ultra shield PluBhese analyses were performed at the

Departement of Chemistry, The university of Jordlamman, Jordan.

2.5. Antioxidant activity of plant extracts: in vitro assays

2.5.1. DPPH radical scavenging assay

Free radical scavenging activity against 2, 2-dighel-picrylhydrazyl (DPPH) radical
was measured using the method described by BumdsBaicar (2000). In this assay, the
purple radical (picrylhydrazyl) is reduced by awridant compounds to the corresponding
pale yellow hydrazine (picrylhydrazine) (Figure.)1The discoloration indicates free radical

scavenging activity of tested sample (Aktumsakal., 2013). Briefly, 50 ul of different
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extract dilutions were added to 5 ml of 0.004%usoh DPPH dissolved in methanol. After
30 min at room temperature, the absorbance wasumeshat 517 nm. BHT was used as

standard. Inhibition of free radical DPPH in peitc@%) was calculated in following way:

1% = 100 (A control — A sample) /A control

where A control is the absorbance of the blankitsmi (containing all reagents except the
test compound), and A sample is the absorbandeipresence of the test compound. Extract
concentration providing 50% inhibition (¢} was calculated from the plot of inhibition

percentage against extract concentration.

NO, NO,
N . N NC
OuN NO, HOR _ O, O,
N o “|~:H
DPPH DPPH:H
(Purple) (Yellow)

Figure. 17:Radical and non-radical forms of DPPH (Nueeal.,2012).

2.5.2. ABTS"radical scavenging activity assay

The spectrophotometric analysis of ABT&dical scavenging activity was determined
according to the method of Real(1999) with some modifications. This method is lobge
the ability of antioxidants to quench the long-ivé&BTS™ radical cation, a blue/green
chromophore with characteristic absorption at 784 m comparison to that of Trolox, a

water-solublex-tocopherol analogue.
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The ABTS' solution was produced by the reaction of 7 mM &TA solution in 2.45
mM potassium persulfate (final concentration). Thixture was kept in the dark at room
temperature for 24 h before use. The solution wiased with methanol and equilibrated at
room temperature to give an absorbance of 0.7@2 & 734 nm in a 1 cm cuvette. Then, 50
ul of sample was mixed with 1ml of ABTSsolution and kept for 30 min at room
temperature, the absorbance of reaction mixturemessured at 734 nm. Trolox was used as
positive control. The ABTSradical scavenging ability was calculated accaydinthe same

equation as that in the DPPH assay.
2.5.3. Hydroxyl radical scavenging assay

The hydroxyl radical scavenging activity was assagecording to the method of ki
al. (2008) with slight modifications. In this systehydroxyl radicals were generated by the
Fenton reaction. Hydroxyl radicals could oxidize*’Fénto F€*, and only F& could
combined with 1,10-phenanthroline to form a red poond (1,10-phenanthroline-Fg with
the maximum absorbance at 536 nm. The concentrafibiydroxyl radical was reflected by
the degree of decolourization of the reaction smutBriefly, a mixture of 10Qul of 1,10-
phenanthroline (5.0 mM), 100 of FeSO4 (5.0 mM) and 100 of EDTA (15 mM) were
mixed with 70ul of sodium phosphate buffer (0.2 M, pH 7.4). Th&0Q ul of sample and
140l of H2O, (0.01%) were added. The mixture was incubated &C3for 60 min, and the
absorbance was measured at 536 nm. Vitamin C us&s as a positive control. To calculate

hydroxyl radical scavenging, the following equatwas used:

Hydroxyl radical scavenging activity (%) = (A so)A& 100/( Ac- A)
As is the absorbance of the sample
Ao is the absorbance of the blank solution usinglidgdtwater instead of sample
Ac is the absorbance of a control solution in theemce of KO,.
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2.5.4. Ferrous ion chelating activity

Ferrous ion chelating activity was measured by itftgibition of the formation of Fé-
ferrozine complex after the treatment of varioaeaentration of planfractions with F&,
using the method of Decker and Welch (1990). Haetion mixture (1.50 ml) contained 500
ul test material or EDTA, 10Ql FeCkL (0.6 mM in water) and 904l MeOH. The control
contained all the reaction reagents except thaexand EDTA. The mixture was well shaken
and allowed to react at room temperature for 5 m@QuL of ferrozine (5 mM in methanol)
was then added. The absorbance of tHé-feerozine complex was measured at 562 nm. The
chelating effect was calculated as a percentageg tise same equation as that in the DPPH
assay. lgy value defined as the effective concentration ef teaterial that is required to

chelate 50% of iron ions.
2.5.5. Reducing power

Fe" reduction is often used as an indicator of elestionating activity, which is an
important mechanism of phenolic antioxidant acti@brahimzadehet al, 2010). The
reducing power of the three plargxtracts was determined according to the methdghoing
et al. (2005). A 0.1 ml aliquot of different concentratsoof each fraction, were mixed with an
equal volume of 0.2 M phosphate buffer (pH 6.6) d8d potassium ferricyanide. The
mixture was incubated at 50°C for 20 min, to redtereicyanide into ferrocyanide. After
that, 0.25 ml of 10% trichloroacetic acid was adtiedhe mixture to stop the reaction and
centrifuged at 3000 rpm for 10 min. The superna(@n®5 ml) was added to distilled water
(0.25 ml) and 0.1% ferric chloride (0.5 ml) andritiee absorbance was measured at 700 nm.
BHT was used as a positive control and the redupower was calculated using the same
equation as that in the DPPH assay. ThgV¥&lue defined as the effective concentration of
test materiaat which the absorbance was 0.5.
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2.5.6. p-Carotene bleaching assay

In this assay, antioxidant capacity is determingdnieasuring the inhibition of the
volatile organic compounds and the conjugated dieydroperoxides arising from linoleic
acid oxidation (Dapkeviciust al.,1998). A stock solution d§-carotene-linoleic acid mixture
was prepared as follows: 0.5 rfigcarotene was dissolved in 1 ml of chloroform asduP
linoleic acid and 200 mg Tween 40. Chloroform waspletely evaporated, and then, 100 ml
distilled water saturated with oxygen (30 min, 180/min) were added with vigorous
shaking. 250Qul of this reaction mixture were dispensed into tiektes and 35@l of the
various extracts, prepared at 2 mg /ml concentrafiovere added and the emulsion system
was incubated for 48 h at room temperature. Theeganocedure was repeated with synthetic
antioxidant BHT as positive control, and blanks e and HO). The absorbances of the
mixtures were measured at 490 nm after; 0, 1, B, 24 and 48 h. The antioxidant activity
(AA) was measured in terms of successful bleacking -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 @mBHT.

2.5.7. Ferric thiocyanate (FTC) method

The antioxidant activity of plant extracts on timaibition of linoleic acid peroxidation
was assayed with a modified thiocyanate methodritkestby Yenet al.(2003). FTC method
was used to determine the amount of peroxide ainitial stage of lipid peroxidation. The
peroxide reacts with ferrous chloride (FgCto form a reddish ferric chloride (Fefl
pigment. In this method, the concentration of petexdecreases as the antioxidant activity

increases. A sample solution (0.5 ml) of plaatfions was mixed with 2.5 ml of 0.02 M
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linoleic acid emulsion at pH 7.0 and 2 ml of 0.2pWosphate buffer at pH 7.0. The linoleic
acid emulsion was prepared by mixing 0.2804 g mbléic acid, 0.2804 g of Tween 20 as
emulsifier, and 50 ml of phosphate buffer. The tieacmixture was incubated at 37 °C for 5
days. To 0.1 ml of the reaction mixture at 24 einals was added 75% EtOH (4.7 ml), 30%
ammonium thiocyanate (0.1 ml), 0.02 fdrrous chloride in 3.5% HCI (0.1 ml). Three
minutes after the addition of ferrous chloride @ reaction mixture, the absorbance was
measured at 500 nm. The measurement was taken 2¢drgurs until the absorbance of the

control reached its maximum value. BHT was usea jpgsitive control.

2.5.8. Thiobarbituric Acid (TBA) method

The TBA test was conducted on the final day of FRABCording to the method described
by Kikuzaki and Nakatani (1993) to determine the MM@ormation from linoleic acid
peroxidation. This method is based on spectrophetaemmeasurement of the pink color
generated by the reaction of two molecules of T™fh one molecule of MDA at a low pH
and high temperature (10Q) (Figure.18 ). Brefly, the same sample prepanatieethod as
described in the FTC method was used. To 1 ml wip&a solution, 20% trichloroacetic acid
(2 ml) and thiobarbituric acid solution (2 ml) wexdded. The mixture was placed in a boiling
water bath for 10 minutes. After cooling, it wasnhcentrifuged at 3000 rpm for 20 minutes.
Absorbance of the supernatant was measured at l32Antioxidant activity was recorded
based on the absorbance of the final day of the &3€ay. Both methods (FTC and TBA)

described antioxidant activity by percent inhihitio

% inhibition = 100 — [(A sample /Acontrol) x 100]

A control: absorbance of the control (without sé&hp

A sample: absorbance of the experimental reactiotiee presence of extract.
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HS OH Ho N
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Figure. 18 : Principle of TBA assay (Bastes al.,2012)

2.6. Antioxidant activity of plant extracts: in vivo assays

2.6.1. Treatment protocol

The rats were divided into 8 groups of six aningsh, and the treatment was given everyday
via orogastric tube for 14 days as the following:

Group 1: received normal saline (0.9%) and seagedontrol group.

Group 2: received ME df.azarolusat the dose of 100 mg/kg.

Group 3: was given ME &.azarolusat the dose of 200 mg/kg.

Group 4: was treated with ME bf.communisat the dose of 100 mg/kg.

Group 5: received ME d#l.communisat the dose of 200 mg/kg.

Group 6: was treated with ME @f.glandulosunat the dose of 100 mg/kg.

Group 7: received ME dD.glandulosunat the dose of 200 mg/kg.

Group 8: received vitamin C (100 mg/kg) and sérag drug control or reference control.
2.6.2. Sacrifice of animals

On day 15, all animals were sacrificed. Blood walected and centrifuged at 3000

rpm for 15 min for determination of plasma antiad capacity. The liver and kidney were
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removed and washed with ice-cold saline, blottét filter paper and kept in plastic vials

at -20 °C until use.

2.6.3. Preparation of homogenate

Liver or kidney tissues were cut down into sma#qas, placed in 1.15M KCI buffer,
and homogenized using dounce homogenizer in iak-aandition to obtain 10 %
homogenate. The homogenate thus obtained wasfagatt at 4000 rpm for 15 min and the
supernatant collected was used for the deternoimati MDA as a lipid peroxidation marker.

Catalase, reduced glutathione and total proteierewalso assayed.

2.6.4. Effect of extracts on plasma antioxydant caeity using DPPH radical

In this test, the capacity of plasma to trap tlil°PPH radical was evaluated according
to the method of Burits and Bucar (2000) with sanmadifications, while being based on the
same principle as that of the test of DPRtarried out previouslin vitro. Briefly, a volume
of plasma was added to DPPH methanolic solutiod0@®b). After 30 min of incubation in
the darkness followed by a centrifugation, the gitsmce at 517 nm is measured and the

plasmatic antioxydant capacity was then calculatbrding to the equation below:

% scavenging activity = [ (Abs control-Abs sas)pAbs controls ] X 100

A control: is the absorbance of the blank solution

A sample: is the absorbance in the presence déteompound.

2.6.5. Effect of extracts on plasma reducing power

The reducing power was determined according tortéthod of Chunget al. (2005). In

brief, plasma (0.1 ml) was mixed with 0.1 ml o2 M sodium phosphate buffer (pH 6.6)
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and 0.1 ml of 1 % potassium ferricyanide. The nmxtwas then incubated for 20 min at
50°C. After that, 0.250 ml of 1% trichloroacetic nweadded, the mixture was then
centrifuged for 10 min at 3000 rpm. The aliquo2g ml) of the upper layer was mixed with
0.250 ml of distilled water and 0.5 ml of ferriclehide (0.1%), and the absorbance at 700 nm

was measured. A higher absorbance indicated atigtiacing power.

2.6.6. Assessment of total protein level

Tissue protein concentration was assayed accotdir@gornallet al (1949) using the
Biuret reagent (potassium iodide, potassium sodiartrate, copper sulphate and sodium
hydroxide) and bovine serum albumin as a standarbrief, 1 ml biuret reagent was mixed
with 25 ul sample or standard (albumin), and the absorbé¥@® nm) was measured after 10

min of incubation at 37 °C. Total protein levelsaa@lculated through formula:

Total protein (mg/ml) = (Abs of sample / Abs ofrstiard) x n

Where n is standard concentration

2.6.5. Catalase activity assay

Catalase activity was measured by the method aft®lane (1985). The breakdown of
hydrogen peroxide in the presence of catalase wiémnved by observing the decrease in
absorption of peroxide solution in the ultravio{efVV) region. In brief, an aliquot (50l) of
each tissue supernatant was added to cuvette omg&i950ul of 19 mM HO, prepared in
0.1M phosphate buffer (pH 7.4). The rate of decaositpm of HO, was measured
spectrophotometrically at 240 nm in an intervatwd minutes time. The decrease in optical
density due to decomposition of hydrogen peroxids measured against a blank at 240 nm.

Units of catalase were expressed as the amournizyhee that decomposes 1 uM® per
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minute at 25°C. Thus, the specific activity wasresged in terms of units per gram of tissue
according to this formula:
U/g tissue = (2.3033/ T) x (log A1/A2) /g tissue
Al : Absorbance apt
A2 : Absorbance aftt

T : Interval of time (minute).

2.6.6. Assessment of reduced glutathione concerticm

Total reduced glutathione (GSH) content was medstdodlowing the method of
Ellman’s (1959), which measures the reductions@O0-dithio-bis (2-nitrobenzoic acid)
(DTNB) (Ellman’s reagent) by sulfhydryl groups tenRro-5-mercaptobenzoic acid (Figure.
19), which has an intense yellow color and maximalmsorption at 412 nm (Huet al.,
2011). Briefly, 50 pl of supernatant were diluted in 10 phlosphate buffer (0.1 M, pH 8).
Then, to 3 ml of the mixture of dilution, 20ul offRB (0.01 M) were added. The yellow
color developed was read at 412 nm after 5 mineres of standards GSH (0.4-gthol/ml)
were treated in a similar manner along with blaRkduced glutathione was expressed as

pnmol/ g tissue.

2-NHitro-5-thiocbenroic acid

Figure. 19 :Principle of total glutathione assay (Aragbal.,2008)
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2.6.7. Assessment of lipid peroxidation

MDA levels were measured by the method of Ohkatal. (1979), which is based
on spectrophotometric measurement of the pink apoerated by the reaction of TBA with
MDA. Briefly, 0.5 ml of tissue homogenate was nudx@ith 0.5 ml of TCA ( 20 % w/v)
and 1ml of TBA (0.67 % w/v). Then, the mixtur@svboiled in a water bath for 15 min.
After cooling to room temperature, 4 ml of n-buthneere added to each sample and
centrifuged at 3000 rpm for 15 min. The absorbamas measured at 532 nm with respect to
the blank solution. The concentration of MDA wasedmined from a standard curve of 1, 1,

3,3 tetraethoxypropane in the same conditions iamas expressed as n mol/ g tissue.

2.7. Blood pressure measurements in anesthetizedsa

The blood pressure of the anesthetized rats wasded by method described by Abdadta
al.(1994). Male albino rats were anesthetized witditso thiopental (50 mg/ kg body
weight; i.p)(Figure. 20.A). The right common carotid artery was exposed arcatheter
was introduced for the recording of blood pressisiag P23AA Statham pressure transducer
situated at the level of the heart and connectesl ®Ison polygraph )Eigure. 20.B). The
right femoral vein was also catheterized for thteavenous injection of ME and EAE of each
plant. After a steady baseline of blood pressuas wbtained (about 15 minutes), ME and
EAE were injected in doses of 0.04, 0.12, 0.4, 4,2and 12 mg/kg body weight. Blood
pressure was allowed to return to the resting leeébre every next dosing. The changes in
systolic blood pressure (SBP), diastolic blood gwes (DBP), and mean arterial blood
pressure (MABP) were recorded and expressed asrien€ their respective control values
obtained before drugs administration. Mean artdsiabd pressure (MABP) was calculated

by adding the values of DBP and one-third of pplsssure.
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Figure. 20:Invasive method of blood pressure record{ay. rats were anaesthetized with

sodium thiopental ; (B) : P23AA Statham presstamdducer was introduced in the carotid artery

(Personal photos)
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2.8. Evaluation of the diuretic activity

The diuretic activity was determined following refgal method of Zhangt al( 2010),
with some modifications. Animals were divided int@ groups of five animals each and
were fasted 18 hours prior to the test, with freeeas to water. Before treatment, all animals
received physiological saline (0.9% NacCl) at arl dse of 25 ml /kg of body weight (BW)
to impose a uniform water and salt load, and thesité¢d orally in the following manner:
Group 1: received 5 ml/ kg BW of saline and consideredagrol group.

Groups 2 to 4:received 100, 300 and 600 mg/kg BW of ME®fazarolusrespectively.
Groups 5 to 7: treated with 100, 300 and 600 mg/kg BW of ME Mf communis
respectively.

Groups 8 to 10: received 100, 300 and 600 mg/kg BW of ME ©f glandulosum
respectively.

Group 11: received 20 mg/kg BW of furosemide and considasediuretic agent.

Each rat was individually placed in a metaboligesaand the cumulative urine output
and pH were determined at the end of the expetaheeriod (5 h.). The urinary electrolyte
(Na', K*, CI concentrations were performed in central labayatof University Hospital of

Setif using Beckman automate.

2.9. Statistical analysis

Statistical analysis was performed using Graph P&m (version 5.01 for Windows).
In vitro results were expressed as mean * standard dev{&i®) and were analyzed by one-
way analysis of variance (ANOVA) followed by Durnisetest. The pharmacological results
were presented as mean + standard error of meBiMS. Values were compared by using
Student’st-test. In all cases, ThE-values less than 0.05 were considered statisticall

significant.
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Results and discussion
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1. Total polyphenols and flavonoids contents in pht extracts

Plant phenolics, tannins and flavonoids represexjongroups of plant constituents that
work predominantly as powerful antioxidants or smayer of free radicals. They play
beneficial role in human health and cure/prevelmheits such as inflammatory disorders,
cancer, cardiovascular diseases and diabetes vduchr due to the deregulation of free
radicals generation in the cells (Middletenhal.,2000; Chouhan and Singh, 2011). Table 2
presents the total phenolic and flavonoids eotst in different extracts of. @zarolus M.
communisandO. glandulosumThe total phenolic content in the extracts waemeined by
the Folin—Ciocalteu method, which is consideredlibst method for total phenolic content
(including tannins) determination (Wargt al., 2007), whereas the flavonoids content
quantified using AlG method. Total phenolics content were expressethggallic acid
equivalents per gram of dry extract (mg GAE/ gerfract) and total flavonoids content as
mg quercetin equivalents per gram of dry extréofg QE/ g of extract). Results obtained in
the present study revealed that the level of tipdeolic compounds in the various plant

extracts was considerable.

As seen in Table. 2, the highest phenolic contemtse observed in EAE with values
of 514.814, 435.37 and 396.04g GAE/ g of extract fo©. glandulosumnM. communisand
C. azarolus respectively, whereas the lowest total polyplhemontent was signaled for
AQE in the three studied plants with theueal of 162.74, 157.70, 38.25 mg GAE/g of

extract forO. glandulosum, M. commurasdC. azarolusrespectively.

Concerning the total flavonoids content, the hgghvalue was recorded in EAE figr
communis(130.75 mg QE/g of extract ) a@lazarolug32.62 mg QE/g of extract ), whereas

in  O. glandulosum it was found that CHE contained the biggestoam of flavonoids
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(22.62 mg QE/g of extract ). On the other handE Afpowed the lowest total flavonoids
content in the three studied plants with the valoie2.12, 2.64 and 8.49 mg QE/g of extract

for C.azarolus , M. communandO. glandulosunrespectively

In general, it was observed that plant extractstatned different amounts of
polyphenols and flavonoids and this could be dudifterent degree of polarity of the
solvents used for the extraction of polyphenolimpounds, confirming that ethyl acetate was
the best solvent to concentrate phenolic substaoic@germediate polarity. Similar results
have been previously reported indicated the efficy of ethyl acetate in the extraction of
phenolic compounds in various plants (Chwtcal., 1999; Parejcet al., 2002; khennoutt

al., 2013).

Table. 2: Total polyphenols and flavonoids contents in masi plant extracts of.azarolus, M.

communisandO.glandulosum

Extracts C.azarolus M.communis O.glandulosum
Polyphenold® | Flavonoids® | Polyphenol$? | Flavonoids® | Polyphenol$® | Favonoids®
ME 188.91+0.63 | 21.03+0.81 | 260.44+2.52 | 26.77+0.46 | 179.92+0.83 | 12.60+0.56
CHE 149.08£0.41 | 24.46+0 .16 | 186.96+ 1.69 | 50.81+1.2 239.92+1.45 | 22.62+0.79
EAE 396.04+1.20 | 32.62+0.03 | 435.37+3.15 | 130.75+2.86 | 514.81+4.26 6.23+0.59
AqE 38.25+ 0.015 | 2.12+0.01 157.70+ 2.65 | 2.64+0.22 162.74 £1.78 | 8.49+0.16

ME; methanolic extract, CHE; chloroform extracBEE ethyl acetate extract, AqE; aqueous extract.
@ mg Gallic acid Equivalents / g of dry extra® mg Quercetin Equivalents / g of dry

extract . Results are expressed as means + SI3)n =
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In the present study, EAE fromC. azarolus presented higher contents in total
polyphenols and flavonoids in regard to the santeae prepared from flower buds and
open flowers of C. azarolus grown in Tunisia (16,4 mg gallic acid equivalérgof extract;
7,3 mg rutin equivalent/g of extract )( Bahri-Saltloet al., 2009). To our knowlege, no
studies have so far been reported total polyphemudisflavonoids and contents of the leaves

of C. azaroludeaves. Thus, the present study is the first one.

Also, the phenolic content of methanolic extraonf M. Communisleaves observed
in this study corroborated with the findings of ddaret al ( 2010) and Garde#t al
(2008) who studied the total phenol content ofléa# methanolic extract from Egyptian and
Greek myrtle, respectively. However, our fimgli was eight fold higher to that of
Amensouret al (2009) and Aidi Wannest al. (2010) who found that the total phenol
contents of the leaf methanolic extract were 3a2d 33 mg GAE /g of extract from

Portuguese and Tunisian myrtle, respectively.

The evaluation of total polyphenols and flavonoadsitents showed that ME &f.
glandulosuntontains 179.92 + 0.83 mg GAE / g of extract ai@.6 + 0.56 mg QE / g of
extract, respectively. These results are Igrgdligher than that obtained by oukil al
(2011) from the methanolic extract of Algerién glandulosun{55.15 mg GAE / g of
extract and 6.88 mg QE / g of extract, respectjvelyappears that phenolic compounds
extracted depend on plant species and the solwsat. drurthermore, environmental factors
such as climate, soll, irrigation, temperature smrexposure to diseases and pests, the harvest
season, the way of drying and storage or even #neqf the plant tissue to be used are
parameters that should be taken into consideraliba.extraction procedure appears also to
affect total phenolic content and antioxidant attiof each plant (Oukikt al.,2011; Skotti

et al.,2014).
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2. Isolation and identification of phenolic compounds from

selected plants

Majority of the drug discovery in pharmaceuticatluistry relies on the natural produTo
identify the phenolic compounds C. azarolus, M. communandO.glandulosur, qualitative
analysis was performed by a series ofdifferent chromatographic methc (column
chromatography, silica gel glass plates). Then,isbéated compounds were identified

spectral techniquesH-NMR, *C-NMR, DEPT 90, DEPT 135, 2R, and Mass spectra).
2.1. Compounds isolated fronC.azarolus

2.1. 1. (+)-Catechin

The mother liqguor of fraction [5] gave one majgost which was purified usin
preparative TLC eluting with chloroform /methand@(80) to give a re—orange powder

identified as (+)- catechior 2S 3R catechifFigure.21).

H

Figure. 21: (+)- Catechin.
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The NMR spectroscopic data of (+) - catechin wasthe following (Figure.22 and 23;

Appendix A):

'H-NMR (DMSO) & ppm: 2.49 ( 1H, m, H-4), 2.69 (1H, dd, J=4.1, 16.2Hz, Hf),
4,01(1H,br.s, H-3), 6.68 (2H, m, H-5', H-6"), 4.88{, br.s,H-2), 6.9 (1H, b.s, H-2)

5.74(1H, d, J=1.8Hz, H-6), 5.92(1H, d, J=1,8Hz8H

3C-NMR (DMSO)3 ppm: 28.7 (C-4), 65.4 (C-3), 78.5 (C-2), 94.66)C95.6 (C-8),99.0(C-
10),115.5(C-2’ and C-5),118.4 (C-6’), 131.1 (C51')144.9 (C-3 ‘and C-4’), 156.1 (C-7),

156.7 (C-5), 157.0(C-9).
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Figure . 22 :'"H-NMR (500MHzPMSO) spectrum of (+)- Catechin.
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Figure . 23 :**C-NMR(DMSO) spectrum of (+)- Catechin.

As seen in Figure.22, th#-NMR spectrum showed signals typical of the ridg
protons of catechin. The H-2 and H- 3 protons appes two down fieldd(=4.68 and 6=
4.01) broad singlets indicating the cis relatiopshof these two protons. H-¢ appears as
multiplet até= 2.49 while H- # appears as a double doubletaR.69. The signals for rings

A and B also agree with substitution patterns eftthio rings.

The'*C-NMR spectrum was in full agreement with the répomata for catechin which
was previously isolated from the same genus @tesd., 2003) (Figure.23 ). Significantly, the
DEPT 135 spectrum showed the methylene signal -dfa£6=28.7 and the two methane

signals of C-2 and C-3 ai= 78.5 and= 65.4, respectively (Figure.24).
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£ A
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Figure. 24: DEPT 135600MHzDMSO) spectrum of (+) - Catechin.

Furthermore, the mass spectrum of catechin gaweolacular ion peak at m/z=291.08631,

calculated for the molecular formula [M +HFigure.25).

Intens, C15H1506 .291.09
x107;

1.00-

291.08631
0.75-

292.08968
293.09059
0.00 - . - =

286 28 0 202 . 28 W W om
Figure. 25: Mass spectrum of (+)- Catechin.
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2.1. 2. Quercetin-3-Ogalactoside

Treatment of fraction |-12] with methanol afforded a pure yellow solid, which was

identified as quercetin-3-Qalactoside or hyperoside (Figure. 26).

QH

Figure. 26: Quercetin-3-O-galactoside

The NMR spectroscopic data of querc-3-O-galacoside was as the following (Figure.

and 28; Appendix B):

The'H-NMR (DMSO) 8 ppm: 3.1-5.65 (sugar protons), 5.85(1H, d, J= 7.7 Hz, anahe
6.19(1H, d, J= 2Hz, H-8K.40 (1H, d, J=2Hz, -6 ), 6.806.8(1H, d, J = 8.5 Hz,-5), 7.48

(1H, d, J = 2.2 Hz, 1), 7.62 (1H, dd, J =2.2 and 8.5Hz-6").

The *C-NMR (DMSOQ) 6 ppm:94.0 (C-8), 99.2 (C-6), 104.4 (I0), 115.7(¢-2"), 116.4 (C-
57, 121.5 (C-6’ and CF), 133.9 ((-3), 145.3 (C-3"), 149.0 (@), 156.7(C-2 and C-9),
161.7(C-5), 164.6 (@), 178 ((-4). Galactose signals: 60.6 @); 68.4 (¢-4), 71.7 (C-2),

73.6(C-3), 76.3(G ), 102.2 (¢-1).

The’H- NMR (DMSO) spectrum of querce-3-O-galactoside showed a doubletdat

5.58 ppm (J=7.7 HZ), which is assigned to the amantgdrogen of the glycoside. The hi¢
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coupling constant reveals that the sugar Iasonfiguration. The'*C- NMR (DMSO)
spectrum showed 21 peaks, 6 of them are assigngalactose unit. The rest of the peaks
are identical to those of quercetin (Lavault andnemme, 2004;Wongt al .,2012). DEPT

135 showed 1 CKH 10 CH and 10 quaternary carbons (Figure. 29).

o e EENASETEONET
2 OQEREEUAEREYREARASTED : pRzE
FEEEEREEER TP PP AR TR I L A H
AR R IR e s RenARRRARCETSRbRT RREAA
TEJ l."_r L -ulp-.}uguﬁmlnmlﬁﬂ;ﬁﬂldmmh‘“""f"'“"T"l""’dﬂﬂ!n”nn

T i Uil e e e il A s e i
B 17161514 13121109 87 6543 21 ppm

19

[ ﬂu".ll.'",.l.'-l"li-.'..'lﬂ-«'.‘lﬂ'.‘n @loicT ~ + |}
r_:" T g:"fL'l:’.Il"."'-ll]'F:.I'.:'_"!lu"ul.--ﬁ‘.'.ll'_'-l'!" W
a-doobooaboo MEE =

Figure . 27 :"H-NMR(500MHz DMSO0) spectrum ofquercetin-3-O-galacoside.
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Crataegusspecies have shown to be a rich source of pohgike In particular,
dihydroflavonoids (Svedstronet al.,2006). Well-known naturally occurring flavonoids.,
hyperoside and catechin were previously reportemnf several crataegus species.
Hyperoside was isolated from the leaves (Belldtiral., 2013) and flowers of.azarolus
( Bahri-Sahloulet al., 2009) , C. aronia (Al-Hallaqg et al., 2012 ), C. pinnatifida fruits
(Jurikovaet al., 2012), C. tanacetifolia (Birman et al., 2011), C. monogyngPrinz et al.,
2007) C. pentagynaand C. laevigata (Orhanet al, 2007).Catechin was extracted fro@\.
pinnatifida (Changet al.,2006),C.grayana(Liu et al.,2011), C.monogynaBernatonienet
al., 2008), andC. azarolusflowers ( Bahri-Sahloulet al.,2009). Nevertheless, as far as we
know, this is thefirst report for the isolation of (+)- catechin C.azarolus leaves from

Algeria.

2.2. Myrecitin - 3- O -a- rhamnoside isolated fromM. communis

The mother liquor of fraction [18-28] from EAE \gaone major spot which was
purified by preparative TLC using CHEMeOH- HO (65: 35:6) to give four bands, the
first band gave the title compound; myricetin -GB-a - rhamnoside (Figure. 30) which
was isolated  previously from myrtle ligueurdMoroet al .,2008) and myrtle leaves

(Hayderet al.,2008).

Figure. 30: Myricetin — 3- O-a. - rhamnoside.
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The NMR spectroscopic data of myricetin — 3-00- rhamnoside was as the following
(Figure. 31 and 32; Appendix C):

'H-NMR ( DMSO) & ppm: 0.85 ( 3H, d, J= 6.1Hz, H-6"), 3.00-3.4H, m, H-2", H-3", H-
4" & H-5"), 3.99 (1H, brs, H-1"), 6.44 (1b s, H-8 ), 6.47 ( 1H, br s, H-6), 6.91 ( 2H, s,
H-2' & H-6"), 12.66 ( 1H, br s, 5-OH ).

¥C-NMR (DMSO) s ppm: 18.0 (C-6"), 70.5 ( C-2" & C-5"), 70.9¢(3" ), 71.8 ( C-4"),
102.4 (C-1"), 94.0 (C-8), 99.2 (C-6), 104.4-{€), 108.4 (C- 2’ and C- 6'), 120.1 (C- 1),
134.8(C-4'), 136.9 ( C-3 ), 146.2 (C-3 ‘and C),5156.8 ( C-2), 157.9 (C-9 ), 161.7 (C-5 ),

164.8 (C-7), 178.2 (C-4).
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Figure.31:'H-NMR (500MHz PMSO) spectrum ofmyricetin — 3- O - rhamnoside.

84



Results and discussion

-
-

ﬂ w:”g: f-‘ = gﬁﬂnﬂ + o @ N b
R
R 3eb® 3 83 R 8354y rree g3 S

UM A

- | ES
200 180 160 140 120 100 80 60 40 20 0 ppm

Figure. 32:*C-NMR (500MHzDMSO) spectrum ofmyricetin — 3- O« - rhamnoside.

The 'H- NMR spectrum (DMSO) of myricetin - 3- @--rhamnoside showed signals
for a flavonol glycoside. The upfield three pratodouble ai= 0.85 indicated that the
compound is a rhamnoside. The anomeric protoreagpas braod singlet &t=3.99,
indicating the glycoside linkage és. The flavonoid protons appear as two broad sisdbr
H-8, H-6 and a two protons signal for M-&hd H-6 (6 =6.91). The 5-OH appears as

expected down field &=12.66 due to H- bonding to the carbonyl group.
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The *C- NMR spectrum (DMSO) confirmed the presence aihthoside moiety as it
showed™C- NMR signals which are typical of rhamnosidéeTrest of-*C- NMR signals
are in full agreement with those reported for msfiilc (Hinouet al., 1988; Davidet al.,

1996).

As shown in Figure. 33, the structure of myriceti3- O-o — rhamnoside was confirmed by
mass spectrum which gave a molecular ion peakn/at463.08820, calculated for the

molecular formula [M - H.

Indors CHAB01 460
l1ﬂlu:

4

: 459.08820

l;II'.

1.

: 4 05180

] 465 09376

1 ; . , . . . ' — ; : . . ; :

44 40 82 484 456 458 4 in 0 mr

Figure. 33: Mass spectrum of myricetin — 3- @- rhamnoside.

2.3. Compounds isolated fron©. glandulosum

2.3.1. Katuranin

Purification of fraction [5-6] by preparative TLGing 20% MeOH /CHGlgave a pure

white powder which was identified as katuranin mmaadendrin (Figure. 34). Katuranin was
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isolated previously from gre O.vulgare (Vekiariet al., 1993; Exarchoet al, 2003) and
O. glandulosunby HPLC coupled to dio-array detecédbn and APC-MS ( Skoulaet al.,

2008).

Figure. 34: Katuranin.

The NMR spectroscopic data of katuranin  wasthas following (Figure.35 and 3i
Appendix D):

'H-NMR (DMSO0) 6 ppm: 4.58 ( 1H, d, J=11.4 Hz-3), 5.01(H, d, J=11.4 Hz-2 ), 5.90
(1H, d, J=1.5 Hz, K8), 5,95 (1H, d, J=1.5 Hz,-6 ), 6.79 (2H, d, J=8.4 Hz,-3' & H-5"),

7.31 (2H,d, J=8.4 Hz, 12: & H-6").

13C-NMR (DMS0) 5 ppm: 71.9(¢-3), 83.3 (C-2), 95.5 (C-8), 96.5 (6), 100.9 ((-10), 115.4
(C-3' & C-5'),128.0 (C1'),129.9(¢-2' & C-6'),158.2 (C- 9), 163.0 (&), 163.7 (-7 ), 167.4

(C-5),198.3 (C-4).
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Figure. 35:'"H-NMR (DMSO) spectrum okaturanin.
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Figure. 36:*C-NMR (500MHz PMSO0) spectrum ofkaturanin.
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The 'H- NMR spectrum (DMSO) is typical of tetra-hydgdated flavanone
(Figure.35). It shows H-2 and H-3 as two doubkt8§=5.05 andd= 4.58 with J=11.4 Hz.
The high value of the coupling constants indicates trans relationship between the two
protons. The spectrum also shows two doublets=a190 and=5.95 Hz (J=1.5 Hz) for the
meta coupled protons H-8 and H-6, respectivelye plotons of para-disubstituted ring B
appear as expected as two doublets 6t79 and 7.31( J=8.4 Hz) for H-H-5 and H-2, H-

6, respectively.

The »C- NMR spectrum (DMSO) of katuranin showed thespree of 15 carbon
atoms (Figure.36). The oxygenated methane carbe2sa@l C-3 appear a=83.3 ands=

71.91, respectively. The carbonyl signal appeads898.3, which is typical of flavanones.

The DEPT experiment confirmed the presence of foMygenated aromatic carbons
(Figure. 37). The carbon chemical shifts are ith &greement with the structure of katuranin

(Vekiari et al.,1993; Exarchoet al.,2003).
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Figure . 37:DEPT 135600MHz,DMSO) spectrum of katuranin.
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As shown in Figure. 38, the mass spectrum ddaturanin gave a molecular ion peak at

m/z=287.05611, which correspond to the formula-[M" .

hmﬂi E1EH1$HE,§EE
il
Fe

2870511

208 D
i |mr_:ﬁ1aﬁ
®o oM W™ M 0®m  m M W B om

Figure . 38:Mass spectrum okaturanin.

2.3.2. 5-Isopropyl-3-methylphenol

Purification of fraction [1-2] of EAE from®. glandulosum using 2 % MeOH/ CHGI
on TLC plates afforded a pure compound which wigstified here as 5-isopropyl-3-

methylphenol (Figure.39) for the first time in thigecies and the genOsiganum.

HO CHs

Hi;C~  CHs

Figure.39: 5-Isopropyl-3-methylphenol.
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The NMR spectroscopic data of 5-isopropyl-3-mgthginol was as the following:
¥C-NMR (CDC}) & ppm : 16.0 (C-10), 18.0 (C-8 & C-9), 22.0 (C-70917 (C-6), 116.9 (C-
2), 121.5 (C-4)126.7 (C-3),131.9(C-5),147.8(C- 2 )( Figure. 40).

'H-NMR (CDCk) § ppm: 1.30 ( 6H, b.s, H-8 and H-9), 2.30 (3HHs10), 3.40(1H, b.s,

H7), 6.63 (1H, m, H-6 ), 6.79(1H, m ,H-2), 7.11 (IH, H-4) (Figure.41) .

The ¥C- NMR spectrum (CDG) of the compound showed 10 signals which indicate
monoterpene skeleton (Figure. 40). Also, the sgomeeteum showed signals; for 3 methyls

and an aliphatic methine carbanC-H).
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Figure. 40:**C-NMR (500MHz, CDC}) spectrum of5-isopropyl-3-methylphenol.
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'H- NMR spectrum confirmed the presence of threeathraromatic signals integrating
for 1 proton each (Figure. 41). This state confuintike meta relationship of the protons.
Also, the spectrum showed a methyl signa=.30 (on a benzene ring) and a broad signal
for the 2 methyl groups a@=1.30. The substitution pattern was confirmed byNMAR
(COSY, HMQC, and HMBC) (Appendix E). The COSY spant showed correlation
between the C-H3E3.4) and the Ckisignal at 3 1.3 (Figure. 42). Also, the location of the
aromatic methyl and the quaternary carbob=di26.7 was confirmed by the correlation with
C-H at5=3.40. The correlation between €&t 6= 2.30 and the carbons&t131.9, 121.5 and
109.7 confirmed the location of these three carbdhe DEPT 135 experiment showed 3
methine signals in the aromatic region in additim 3 quaternary carbons one of them is

oxygenatedi=147.8) which indicated the presence of phenolgr(Figure. 43 ).
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Figure. 41:'"H-NMR (500MHz, CDC}) spectrum of5-isopropyl-3-methylphenol.
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Figure. 42: COSY 600MHz, CDC}) spectrum of5-isopropyl-3-methylphenol.
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Figure. 43: DEPT 135 (500MHz, CDG) spectrum of5-isopropyl-3-methylphenol.
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3. Antioxidant activity of extracts: in vitro assays

The diversity of nature and the complexity of ploytemical compounds of plant
extracts impose the development of many metho@vatuate the antioxidant activity and to
estimate the effectiveness of these substancean@jweity of these methods are based on the
colouring or the discolouration of a reagent in teactional medium. They can be classified
into two groups: those assays used in food andogicdl system to evaluate lipid
peroxidation while measuring the degree of oxidatichibition and those assays used to
measure free radical scavenging ability. Some @based on metal reducing power (ferric
reducing antioxidant power, FRAP), peroxyl radisavenging (oxygen radical absorbance
capacity, ORAC; total radical trapping antioxidgm&rameter, TRAP), hydroxyl radical
scavenging, organic radical scavenging like ABT8 BX*PH (trolox equivalent antioxidant
capacity, TEAC), quantification of products formeduring the lipid peroxidation

(thiobarbituric acid reactive substance, TBARS; LiXidation) (Benhammoet al.,2009).
3.1. DPPH radical scavenging activity of extracts

The model of scavenging the stable DPPH radicalwddely used method to evaluate
the free radical scavenging ability of various skesgEbrahimzadett al.,2009). DPPH is a
stable nitrogen-centered free radical whose colmnges from violet to yellow upon
reduction by either the process of hydrogen ortedacdonation. Substances which are able to
perform this reaction can be considered as antaowgl and therefore radical scavengers

(Brand-Williams et al., 1995; Ebrahimzadegét al.,2010; Moyocet al.,2012).

The results show that all fractions from theeéh studied plants can reduce the signal
intensity of DPPH and their radical-scavenging \aitéis increased with increasing

concentration (Figure. 44).
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Figure. 44: DPPH free radical scavenging activity of differpfant extracts. (A)C.azarolus (B);

M.communis (C): O.glandulosumME: methanolic extract, CHE: chloroform extra€AE: ethyl
acetate extract, AqE: aqueous extract.
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EAE ,ME and CHE fractions front. azarolus were significantly more active than our
positive control, BHT ( 1Ge= 0.031 £ 0.00005mg/ml ) (p <0.001) and thesol®f C.
azarolus fractions were in this order: EAE (0.006+0.0004 /ml ) < ME( 0.016 +0.0004
mg /ml) < CHE (0.029 +0.0019 mg /ml) <AqE (0.0663004 mg /ml) (Figure. 45). In
previous studies, it was found that ethyl aceatact prepared from the floral buds and
open flowers ofC. azarolus(Bahri-Sahloulet al.,2009) and fruit extracts d€. monogyna
prepared with ethanol and water (Bernatoniehel., 2008) were effective in scavenging

DPPH and ABTSradicals.
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.
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Figure. 45: A comparison between different plant extractddRPH free radical scavenging activity .
ME: methanolic extract, CHE: chloroform extract, EAethyl acetate extract, AQE: aqueous extract.
Data were presented ass§C means + SD (n = 3). (*** p < 0.001; * p < 0.0&9mpared to BHT as

standard.
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Also, it was found that the four myrtle framis scavenge significantly DPPH
radical (p <0.001) with 16 in increasing order of EAE (0.004 + 0.0003 miy/rME
(0.006 + 0.00005 mg/ml), CHE (0.009+ 0,0002 mgjnaind AgE (0.021 + 0.001 mg/ml),
respectively (Figure. 45). These values from myrtlBPPH scavenging activity are in
agreement with those obtained by Hayder al. (2004), who studied the effect of

extraction solvent on antiradical activity of megrteaf extracts from Tunisia.

In the case 0D. glandulosumthe EAE, ME and CHE showed a stronger ability t
neutralize DPPH radicals than reference stand@®#iT(p <0.001) with followed Ig
values of 0.006 + 0.00001 mg/ml, 0.017 0.0001 nhg/@m021+ 0.00007 mg/ml,
respectively. However, AQE showed the lowest scgvenactivity with value of 16 equal

to 0.029 £0.0019 mg/ml (Figure. 45).

Oukil et al (2011) found that 165 to scavenge DPPH free radical for methanolic
extract of the sam@riganum collected from Bejaia (Algeria) was equal 36 pg/ml
which is four hundred fold lower than our findinhe content of polyphenols in their study
was very low (55.15 mg GAE / g of extract). Thistpyaexplains the low scavenging effect of

O.glandulodunextract in their study.

According to recent reports, there is a highly pesirelationship between polyphenols,
flavonoids, and antioxidant activities in many plapecies (Kumaran and Karunakaran,

2007; Ozsoet al.,2008; Kimet al.,2012).

Polyphenols and flavonoids are able to scavenger&dicals directly by hydrogen atom
donation. Radicals are made inactive accordindn¢ofdllowing equation, where Re is a free

radical and FI-Oe is a flavonoid phenoxyl radidailgure. 46).
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Figure. 46: Scavenging of reactive oxygen species (Re) byoftaid. The free radical FI-O» may react
with a second radical, acquiring a stable quininecture (Prochazkovét al.,2011).

Based on the obtained results, it is highly possibht the polyphenols and flavonoids
contents may contribute to the observed antioxidaettvity, as indicated by the good
significant correlation coefficientsC( azarolus R2 = 0.80,M. communis R2= 0.55, 0.

glandulosumR2=0.50).

Furthermore, it is obvious that, although the coht# polyphenol of. glandulosunin
CHE was significantly higher than in the ME, their DHPRactivity were close. This
confirmed once again that the antioxidant capaib#yends not only on the quantity, but also

on the type of flavonoids present in the extracts.

The in vitro flavonoid antioxidant activity depends on the agament of functional
groups on its core structure. Both the configuratemd total number of hydroxyl groups
substantially influence the mechanism of the amtiaxt activity (Tuberoset al.,2010; Fraga
et al., 2010). The B ring hydroxyl configuration is the shaignificant determinant of ROS

scavenging, whereas substitution of the rings A @nlabas little impact on superoxide anion
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radical scavenging rate constants. Also,ithetro antioxidant activity could be increased by
polymerization of flavonoid monomers, e.g. proaetfamidins (also known as condensed
tannins), the polymers of catechins, are excellenttro antioxidants due to the high number

of hydroxyl groups in their molecules (Prochazkatéal.,2011).

It is known in the literature that the glycosyatiof flavonoids also reduces thair
vitro antioxidant activity when compared to the corresfing aglycons( Benhammaat al.,
2009; Tuberoset al.,2010). Comparison of TEAC values of quercetin 24mM) and rutin
(2.02 mM), quercetin-3-O-rutinoside, shows thatcghlylation of the 3-OH group has
strongly suppressive effect on the antioxidantvagti Similar results were observed also for
other pairs of flavonoid aglycon and glycoside (dwgsperetin—hesperidin, luteolin—luteolin
4'-glucoside; luteolin—luteolin 7-glucoside; baicalebaicalin; and quercetin—quercitrin)

(Prochazkovaet al.,2011).

Consequently, the main structural features of fieids required for efficient radical
scavenging could be summarized as follows (Figude.4) an ortho-dihydroxy structure
(catechol) in the B ring, for electron delocalipati b) 2,3-double bond in conjugation with a
4-oxo function in the C ring provides electron aellization from the B ring; c¢) hydroxyl
groups at positions 3 and 5 provide hydrogen bantinthe oxo group (Benhamme al.,

2009; Fragaet al.,2010; Xiaoet al.,2014; Singtet al.,2014).
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o

Figure. 47: Structural features defining antioxidant actionfl@fonoids. Structural requiremet

associated with antioxidant possibilities of flagtmas chain breaking antioxid (Fragaet al.,2010).
3.2. ABTS radical scavenging activity of extrac

ABTS assayis a decolorizing assay, which involves the dirgeheration of ABTS
radical into monocation, which has a long wavelengtbsorption spectrum witho
involvement of any intermediary radic The scavenging activity against cationic AB
radical indicateghe ability of fractions to act as electron donorshydrogen donors in fre
radical reactions (Pricet al. 2005, Liuet al., 2009; Tanzadehpanadt al. 2012). To assay
the ABTS radical scavenging (C.azarolus, M. communiand O. glandulosur fractions,

cationic ABTS radical decolorization was carried.

Similar to DPPH assay, tlresults showrn Figure. 48 revealed that plant fractions
are effective ABTS radical scavengers in a coned¢iotn dependent mann EAE from the
three plantsexhibited a strongest antioxid activity which is comparable to trolox ¢
standard (no significant difference, p> 0.05). Thieer fractions alsshowed good ABTS

radicalscavenging activities
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Figure. 48: ABTS radical scavenging activity of different plagxtracts. (A):C. azarolus (B): M.
communis (C): O. glandulosum ME: methanolic extract, CHE: chloroform extra8AE: ethyl
acetate extract, AgE: agueous extract.
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ConcerningC. azarolus it was found that no significant difference $0.05) in
antioxidant activities between EAE (0.0035+ 0,000g/ml), ME (0.0037 £ 0.0001 mg/ml)
and trolox (0.0025+0.000005mg/ml). While, the CHEO08 = 0.00005 mg/ml) and AgE
(0.024 £ 0.0008 mg/ml) showed a significant diffese (p< 0.001) when compared to trolox

as positive control (Figure.49).

On the other hand, all myrtle fractions effectivalg able to donate electrons to ABTS
cations with 1G, values ranging from 0.001 to 0.008 mg/ml (Figu®¢.4Such values are
significantly lower (p< 0.05) than our standarddso The EAE and ME had strong activity
to quench ABTSadicals with 1Gy values of 0.0015 + 0.00009 mg/ml and 0.0047+ 0.00

mg/ml, respectively.
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Figure. 49: A comparison between different plant extract inTABfree radical scavenging activity.
ME: methanolic extract, CHE: chloroform extract, EAethyl acetate extract, AQE: aqueous extract.
Data were presented ass§C means + SD (n = 3). (ns: no significant diffareri p < 0.05 ; ***p <

0.001) compared to Trolox as standard.
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Evaluation of O. glandulosum fractions indicated that only EAE showed
stronger ABTS scavenging activity as the stashd&rlox with 1Go of 0.001+ 0.001 mg/ml
(no significant difference , p> 0.05), but neitloér other extracts showed better antioxidant
properties than trolox, their kg were in the following order: 0.011+ 0.001 mg/@IQ006 +

0.0005 mg/ml and 0.005+0.00004 mg/ml for AqE, Caitel ME, respectively (Figure.49).

Comparing the ABTS test results and total polyplerontent in the extracts, it could
be concluded that there is a correlation betweemt{C. azarolus R2 = 0.60M. communis
R2= 0.96,0. glandulosumR2=0.68). Thus, the strong scavenging capacitypént extracts
was possibly due to the hydrogen/ electron donadinitity of the polyphenolic compounds
present in these extracts which made them goodxatééints acting as free radical inhibitors

or scavengers

In agreement with our findings, the close correlatbetween antioxidant activity and
phenolic content of extracts obtained from varisaural sources has been previously
demonstrated (Liet al.,2009; Ben Farhatt al.,2013). Therefore, these polyphenols should
be considered to contain conjugated ring struct@ed hydroxyl groups that have the
potential to function as antioxidaimt vitro by scavenging free radicals, lipid peroxy radicals
and stabilizing free radicals involved in thesedative processes (Priyadharsheti al.,

2012).

3.3. Hydroxyl radical scavenging activity of extrats

Reactive oxygen species as hydroxyl and superdrégeradicals have been implicated
in the etiology of many diseases and conditions] awentually resulted in the cell

injury/death. In the biological systems, cellsjuly causes leakage of transition metal ions
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viz. FE* ion from the cellular protein which further gertesa hydroxyl radicals by the

process ‘Fenton chemistry’ (Fe H,0, — yFe*"+ OH + OH).

Above reaction is a cardinal mechanism for the gien of hydroxyl radical in cells.
However, presence of antioxidant prevents the leglldamage either by quenching of OH

radicals or by chelating transition metal ions (Gi@n and Singh, 2011).

Phenanthroline-Fé is one of oxidation—reduction indicator in commuase, where the
change of color can be used to indicate the ailberadf the state of oxidation—reduction
reaction. In this assay, hydroxyl radicals produde HO./F€* system can oxidise
phenanthroline-F& into phenanthroline-B& and the absorption peak at 532 nm was reduced

significantly.

When the drugs were added into the system, thegehainabsorbance can be alleviated,
so the inhibitory effect on hydroxyl radical coldé the criterion for estimating the relative
strength of anti-oxidation of extract (Zhou and 2009). As shown in Figure.50, all plant
fractions possess goan vitro scavenging activity and  exhibited concentrati@ependent

scavenging activities against hydroxyl radicalsegated in a Fenton reaction.

The results indicated that hydroxyl radical scaweg@ctivity of C. azarolus extracts
were significantly (p < 0.001) lower than vitamin(ICso was 0.084 mg/ml) and the higher
activity was found in EAE ( Figure.51). TheslCvalues of EAE, CHE, ME and AgE were

0.283 mg /ml, 0.294 mg/ml, 0.330 mg/ml and 1.869migrespectively.

This result was consistent with those of otherasdeers who found th&. oxycantha
extract (Swaminathaet al.,2010) and Cpinnatifidavar. major fruit extract (Liuet al.,2010)

inhibited hydroxyl radical generation.
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Figure. 50: Hydroxyl radical scavenging activity of differepfant extracts. (A)C. azarolus(B): M.

communis (C): O. glandulosum ME: methanolic extract, CHE: chloroform extraBAE: ethyl

acetate extract, AgE: agueous extract.
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Figure. 51: A comparison between different plant extracts ydrbxyl radical scavenging activity.
ME: methanolic extract, CHE: chloroform extract, EAethyl acetate extract, AQE: aqueous extract.
Data were presented ass¢Gneans = SD (n = 3).( ns: no significant differente p<0.001)

compared to vitamin C as standard.

On the other hand, the degradation of,Oplby Fé? 1, 10-phenanthroline/(EDTA)
system was significantly decreased by alM. communisleaves fractions. The antioxidant
activity values of these extracts increased inatteer of EAE > CHE > ME > AQE and their
ICs50 values were found to be 0.08+ 0.007 mg/ml, 0.26065 mg/ml, 0.27+ 0.0008 mg/ml

and 0.45 = 0.02 mg/ml, respectively (Figure.51).

Similar to the above results, all of the assessactibns ofO. glandulosumwere able
to reduce the generation of hydroxyl radicals (Feg 51) with IGy values as follows: 0.285
+ 0.008 mg/ml, 0.642+ 0.0003 mg/ml, 0.715+ 0.05 /mrigand 0.936+ 0.01 mg/ml for EAE,

CHE, ME, and AgE, respectively .
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Hydroxyl radical is most reactive oxygen specieausing lipid peroxidation and
enormous biological damage. It is a potent cyta@gent, able to attack and damage almost
every molecule found in living tissues (Hazed al., 2008; Seret al., 2013). Therefore, the
scavenging of hydroxyl radical by extracts seembeddlirectly related to the prevention of
propagation of the process of lipid peroxidatiom amay provide a significant protection to

biomolecules against free radicals (Govineaal.,2013).

In this study, plant extracts displayed differpatential in scavenging hydroxyl radical
which is positively related to their amount ofalophenolic and flavonoids contentS. (
azarolus: Rz = 0.50M. communisR2= 0.82,0. glandulosumR2=0.90) and this might be
due to their active hydrogen donor ability of hydposubstitution(Boseet al,2011). Phenols
and flavonoids may act as antioxidants with two ma@isms: prevention of initiation of
oxidation, or as chain breaking antioxidants. Pnée@ of initiation of oxidation occurs by
inhibiting superoxide anion production, degradingdiogen peroxide and chelating or
reducing metal ions, while chain breaking antioridaact by scavenging radicals, mostly
hydroxyl radicals, thereby inhibiting the chain @fidative events that leads to damage of

lipid membranes, proteins and DNA (Singfal.,2014).
3.4. Metal chelating activity of extracts

The metal chelating capacity is important, sinceratduces concentration of the
catalyzing transition metal in lipid peroxidatidhhas been reported that the chelating agents
form bonds with a metal are effective as secondentyoxidants because they reduce the
redox potential, thereby stimulating the oxidizedi of the metal ion. Among the transition
metals, iron is known as the effective factor pidioxidation due to its high reactivity. The
ferrous iron via the Fenton reaction generatesdygdradical. In addition, F& ion produces

radicals from peroxides, although the rate is tehfess than that of E&ion (Gtilgin, 2006).
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In the presence of chelating agents, the ferroEgfé-complexes are disrupted, resulting in a

decrease in the red color of the complex (Rajapakaé,2005).

In this study, the fractions fro@. azarolus, M. communandO. glandulosunshowed
chelating activity as demonstrated by their effemtiess in inhibiting the formation of e
ferrozine complex, and the absorbance of threptex was dose dependently decreased

(Figure. 52).

As seen in Figure. 53C. azarolus fractions showed chelating activity in the erd
of AQE (1Gs0=0.35 +0.05 mg/ml ) > ME (16=0.57 + 0.04 mg/ml)> EAE(I6= 2.09 + 0.15

mg/ml)> CHE (1Ge=3.19 = 0.11 mg/ml).

By comparing myrtle extracts chelating activiigure.53), ME (IG of 0.39 =+
0.06 mg/ml) and AqE(I¢s of 0.40 +0.05 mg/ml) were found to be strong pasitive
control, EDTA (1Go of 0.0186 = 0.003 mg/ml) (no significant diffecen p > 0.05) while
CHE and EAE presented a very low ability to cteefarrous irons with 163 values of 3.05
+ 0.21 mg/ml and 16.05+ 0.88 mg/ml, respectivelomparing to that of EDTA (p <

0.001).

Furthermore, CHE fronD. glandulosumshowed the lowest chelating effects on
ferrous ions (IG of 4.97 £ 0.02 mg/ml). However, the other extragit®wed an excellent
chelating activity, especially AQE and ME whicévg G of 0.330 + 0.004 mg/ml and 0.38
+ 0.07 mg/ml, respectively, and were too closeed&gh other and statistically similar to

EDTA (p> 0.05) , followed by EAE (I of 2.68 £ 0.371 mg/ml) (Figure.53).
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Figure. 52: Chelating activity of different plant extracts.){(AC. azarolus (B): M. communis(C): O.

glandulosum ME: methanolic extract, CHE: chloroform extraBAE: ethyl acetate extract, AQE:
aqueous extract.
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Figure. 53: A comparison between different plant extracts ietah chelating activity. ME:
methanolic extract, CHE: chloroform extract, EAEhy acetate extract, AQE: aqueous extract. Data
were presented as JCmeans = SD (n = 3). ( ns: no significant different* p<0.01;*** p<0.001)
compared to EDTA as standard.

The chelating capacity is very important becauseeduces the concentration of
transition metal catalysts of the lipid peroxidatiolndeed, iron can stimulate lipid
peroxidation by the Fenton reaction, and accasrateroxidation by decomposing lipid
hydroperoxides into peroxyl and alkoxyl radicalattban themselves abstract hydrogen and
perpetuate the chain reaction of lipid peroxidaiiemastast al.,2006, Hazrat al.,2008,
Senet al., 2013). The observed results demonstrate that exafthcts interfered with the
formation of ferrous and ferrozine complex suggestthat they have chelating activity

through capturing the ferrous ion before it reastform a complex with ferrozine.

Although phenolic contents in ME and AqE aredo than in  EAE, they showed the

better chelating activity than that of EAE andstfinding was supported with the correlation
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analysis showing that there is a weak correlati@tween phenolic content and chelating
activity for C. azarolus( R2 = 0.15) and. glandulosum{ R2=0.16). However, a negative
correlation was shown favl. communig R2= 0.82). In fact, although phenolic compounds
are the most abundant and potent antioxidantsantgl there is also a pool of non-phenolic
compounds that contribute to the overall antioxidagtivity of extracts plant (Goncalves

al., 2013).

Catechol moieties and combinations of hydroxyl arabonyl groups present in
polyphenols are centers of high affinity for matais; however, large differences have been
observed in the metal-chelating capacity of diffiérpolyphenols (Perron and Brumaghim,
2009). Iron and flavonoids are the most studiedisiteon metal and polyphenol family,
respectively. From those studies, there is a causeon the presence of “iron chelation sites”
or “iron binding motifs” in an important number éfvonoids (Figure. 54): flavonoid-metal
binding occurs preferentially at the 3-hydroxyl-drdoonyl group, followed by 4-carbonyl-5-
hydroxyl group, and the 3'-4" hydroxyl (Fragat al., 2010; Prochazkovaet al., 2011).
Recently, the 6—7 hydroxyl groups have been inditais the iron chelation site for baicalein

(Fragaet al.,2010).

Furthermore, it was reported that the compounds stiuctures containing two or more
of the following functional groups: — OH, —SH, —-CB0-PQH,, —C=0, —-NR, -S— and —-O-
in a favourable structure—function configuratiom clow metal chelating activity (Gilciat
al., 2010). Kazazicat al.(2006) demonstrated that flavonoids like kaempfenelated CE

and Fé&" on the functional carbonyl groups.
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Figure. 54: Structural features defining antioxidant actiorisflavonoids acting as metal chelators
(Fragaet al.,2010).

3.5. Reducing power capacity of extracts

In this assay, the yellow color of the test dolutchanges to various shades of green
and blue, depending on the reducing power of eaofpound. The presence of reducers (i.e.
antioxidants) causes the reduction of thé'fferricyanide complex to the ferrous form.
Therefore, measuring the formation of Perl's Parsdlue at 700 nm can monitor the’Fe
concentration (Ferreirat al., 2007; Senret al., 2013). Figure. 55 shows the dose-response
curves for the reducing powers of various extrdigien C.azarolus, M. communis and O.
glandulosumlt was found that all these extracts exhibitedidereducing power greatly in
concentration dependent manner. The reducing poagacity of the extracts may provide a

significant indication about the potential anticasd capacity of the plant.

As shown in Figure. 56, there was significant eti#éihce (p < 0.001) among the
different extracts o€. azarolusin reducing power compared to BHT as positiveticin
(IC 50 = 0.05 +£0.006 mg/ml). EAE (0.07 = 0.0006 mg/ntipwed the better reducing power
than other extract®llowed by ME (0.13 £ 0.007 mg/ml), CHE (0.24 £0.mg/ml) and AqE

(0.44 +0.01 mg/ml).
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Figure. 55: Reducing power of different plant extracts. (8):azarolus(B): M. communis(C): O.

glandulosum ME: methanolic extract, CHE: chloroform extrdeE: ethyl acetate extract, AgE:

aqueous extract.
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Figure. 56: A comparison between different plant extractseigucing power assay. ME: methanolic
extract, CHE: chloroform extract, EAE: ethyl acetaxtract, AQE: aqueous extract. Data were
presented as g means + SD (n = 3). (ns: no significant difference p<0.05;** p<0.01; ***

p<0.001) compared to vitamin C as standard.

Moreover, the extracts of the leavedvbfcommunishowed a promising result in this
assay (Figure.56), and 4€of extracts exhibited the following order: EAR@3 + 0.005
mg/ml) < ME(0.06 + 0.003 mg/ml)< AGE(0.081 + 0.001 mg/miCHE(0.083 + 0.0005
mg/ml). The EAE exhibited significantly poteeducing power when compared to BHT (p

<0.001).

For O. glandulosumwe can notice that the best reducing power wgisated for EAE
with ICsgvalue of 0.06 + 0.008 mg/ml, which was statistigaiimilar (p>0.05) to that of the
standard, BHT. The reducing power of other extraes generally lower than that of BHT (p
< 0.05) and their 163 values were in the following order: 0.10 + 0.069/ml, 0.11 = 0.01

mg/ml and 0.14 + 0.002 mg/ml for ME, CHE and Aqgéspectively (Figure.56).
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The statistical analysis indicated that there wasgaificant correlation between the
ferric reducing antioxidant power and phenolic temts of the extractsC( azarolus R2 =
0.80,M. communisR?=0.98,0. glandulosumR2=0.78). This emphasizes the importance of
phenolic contents in reducing power observed is 8tudy, and this may be due to their
potent electron donating abilities (Biltt al., 2012). The reducing properties are generally
associated with the presence of reductones (MatevAbraham , 2006) , and therefore
should be able to terminate radical chain reachgrconverting free radicals and reactive
oxygen species to more stable products (Vinebml., 1998). Nevertheless, as far as we
know, this is the first report of reducing power Gf azarolus, M. communiand O.

glandulosunmeaves extracts.

3.6. Antioxidant activity of extracts usingp-Carotene bleaching assay

The basis ofi-carotene-linoleate assay is discolouratio-@@rotene in reaction with
linoleic acid free radical formed upon removahgtirogen atom located between two double
bonds of linoleic acid. The consequence is the dds®njugation and accordingly, a decrease
in absorbance at 490 nm. Antioxidants can redueeettient off-carotene destruction by
reacting with the linoleate free radical or anyentliree radical formed within the system.
Thus, by simulation of the oxidation of the memlardipid components in the presence of
antioxidants, this test gives an insight of theibitbry effect of extracts on the lipid

peroxidation (Sarikurkcet al.,2009; Petlevskiet al.,2013).

Figure. 57 shows the changes in the percentageeohhibition ratios of linoleic acid
oxidation under the influence ofC.azarolus, M.communiand O. glandulosumextracts (2
mg/ml) compared to that of synthetic antioxidartiTBas a positive control during 24 h under
the same condition. In this assay, most of theaeidrand BHT were able to prevent

degradation off-carotene during the assay (24 hours). This effeatlue to either; the
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inhibition of linoleic acid peroxidation or the rnadl scavenging hydroperoxides formed

during the peroxidation of linoleic acid (scaveng#ect) (Aslaret al.,2006).

As shown in Figure.58, all. azarolusextracts inhibit the oxidation @¥-carotene in a
very important level compared to BHT (95.4% inhimf). EAE is the best inhibitor of the
oxidation of B-carotene in 24 h (89.21 + 2.08 %), which was aengt as the positive
reference, BHT (no significant difference>f.05), followed by CHE (88.52 + 2.48 %), AQE
(87.96 £1.76 % ) and ME (73.51 + 4.72%), respetyi The same results were reported by
Ljubuncicet al. (2005) who demonstrated that aqueous extract &@®coction of leaves and
unripe fruits ofC. aronig a hawthorn indigenous to Jordan and Palestingibited the

oxidationof  -carotene in the coupled oxidationfofcarotene and linoleic acid.

Similarly, there was a significant difference (p3@l) between the means of total
antioxidant activity among the myrtle extracts &HT as standard (Figure.58). The order of
decreasing of relative antioxidant activity was C{9&.19 +0.51%) followed by EAE (90.73

+ 1.9%), AQE (89.54+ 1.2%) and ME (79.13+ 1.2%¥pectively.

Among oregano fractions, EAE showed the highesbridant activity as BHT, while
other extractshowed significantly low antioxidant activity cpared to BHT(p<0.01), and
the calculated % inhibition capacity of oregandraots; CHE, EAE, AQE and ME were
found to be 89.81+2.8 %, 89.14+1.7%, 86.75+5.5 &imd 85.2+0.92 %, respectively

(Figure.58).

Among oregano fractions, EAE showed the highesbaidant activity as BHT, while

other extractshowed significantly low antioxidant activity cpared to BHT(p<0.01),
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Figure. 57: The changes in the percentage of the inhibititiog of linoleic acid oxidation of
different plant extracts (2mg/ml) usifigcarotene bleaching method , compared to BHT ass#iye
control during 24 h . (A)C. azarolus (B): M. communis (C): O.glandulosum ME: methanolic
extract, CHE: chloroform extract, EAE: ethyl acetaktract, AQE: aqueous extract.
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Figure.58 Antioxidant activities of different plant extitac (2 mg/ml at 24 h of incubation) measured
by p-carotene bleaching method. ME: methanolic extr&@HE: chloroform extract, EAE: ethyl
acetate extract, AQE: aqueous extract. BHT was asadference antioxidant. Values are means + SD
(n = 3). (ns: no significant difference ,*p < 0.0%,p < 0.01, *** p < 0.001) compared to BHT as
standard.

Several studies have shown some kind of relatipnshtween the antioxidant activity
and total phenolic compounds (Djeridaret al.,2006; Hayoungt al.,2007; Ozyiireket al .,
2012; Mediniet al.,2013). However, in the present study, a fair datien was observed for
O. glandulosum(R2=0.32), but no correlation was found @@mazarolus(R? =0.007 ) and

M.communigR?=0.001) .

This weak correlation may be attributed to thedwihgs: (i) antioxidant activity on this
test is due to specific polyphenols present inaets, (ii) apart from polyphenols, antioxidant
activity is due also to other phytochemical compisynand/or (iii) there is a syrergism
between polyphenols and other phytochemical comgmuiRor example a number of studies

have shown that plant polyphenols when combineddxst them or with other antioxidants
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exhibit stronger antioxidant activity compared twit individual one (Daiet al., 2008;

Apostolou et al.,2013).

Although, flavonoids can inhibit lipid peroxidatiprthere are some reports that
terpenoids have more potent activity in lipid pedation inhibition (Olatundeet al, 2003;
Asgarpanalet al.,2011) and this could explain partly the good lipetoxidation of origano
extracts because of the presence of the terpeasi@sisopropyl-3-methylphenol isolated in
the present study. Furthermore, synergistic effe€tdifferent compounds, existing in the
extracts ofC. azarolus M.communisand O.glandulosummight be responsible for their
significant activities against lipid peroxidatioh. is very well to note that, besides the
structural effects, other factors, such as the dphiobicity of the compounds should be taken

into account (Silvat al., 2005).

Hernandez-Hernandezt al. (2009) indicated that ethanol extract of oregaoatain
high amounts of phenols and that this hgjtenol concentration is not correlated with its
high antioxidant activity. Its effect on lipid amdyoglobin oxidation is also related to the
extraction and solvent used, the structure of titexidant compound, storage temperature,

and initial oxidation state of the sample.

Moreover, these results indicated that all theastsr can significantly inhibit oxidation
of linoleic acid, but the apolar extracts areen@ffective ( CHE and EAE ). In conclusion,
the activity of tested extracts in terms of polauwtctivity, the apolar extract; CHE oM.
communisand O. glandulosumare more active than EAE, the richest one by plhen
contents. These results are in agreement with thepserted by Frankel and Meyer (2000)
who have suggested that the polarity of an extsaichportant in water: lipid emulsions, viz.,
apolar extract exhibit most important antioxidanbygerties as they are concentrated within
lipid-water interface, thus helping to prevent cadliformation and lipid oxidation of-
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carotene. While polar extract are diluted in theemys phase and are thus less effective in

protecting lipids peroxidation.
3.7. Antioxidant activity of extracts using FTC mehod

Membrane lipids are rich in unsaturated fatty acidat are most susceptible to
oxidative processes. Specially, linoleic acid amdchidonic acid are targets of lipid
peroxidation (Yu, 2001). The inhibitory capacity eftracts was tested against oxidation of
linoleic acid by FTC method. This method was usecheasure the ability of antioxidants to
scavenge peroxyl radicals through hydrogen donatioring polyunsaturated fatty acid
(PUFA) oxidation. Peroxides are generated duringldiic acid oxidation, and react withe
to form Fé*. Ferric ions then react with thiocyanate to pradacred-colored complex, and
this complex has a maximum absorbance at 500 nmathdl Yao, 2007; Nabaet al.,2008;

Norhaizanret al.,2011).

Figure. 59 shows the changes in the absorbancedchn fraction during 5 days of
incubation at 4, in comparison with BHT. The absorbance of thatmd increased in
proportion to the incubation time, and the absocbaof other samples also increased with

increasing incubation time.

As seen in Figure. 6QC. azarolusextracts exhibited good antioxidant potential with
percent inhibition in the range of 12.5% — 90.13% campared with BHT. The results
indicated that both EAEand CHE exerted marked effects on inhibition of linoleicicac
oxidation, which were as strong as the positiferesice, BHT (no significant difference, p
>0.05), while AqE showed significantly €0.001) lower percent inhibition (12.5%)

compared with BHT (89.19 + 1.88 %).
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Figure. 59: Absorbance of different plant extracts (2 mg/nding FTC method, compared to BHT as
a positive control during 96 h. (AC. azarolus (B): M. communis (C): O. glandulosum ME:

methanolic extract, CHE: chloroform extract, EAEy acetate extract, AQE: aqueous extract.
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Figure.60. Antioxidant activities of different extracts (Bg/ml at 96 h of incubation) measured by

FTC method. ME: methanolic extract, CHE: chlorofoextract, EAE: ethyl acetate extract, AqE:

aqueous extract. BHT was used as reference araioxivalues are % means + SD (n = 3). (ns: no
significant difference ,*p < 0.05, *** p < 0.001pmpared to BHT as standard.

Furthermore, the best activity of myrtle extrads lipid peroxidation inhibition was
observed with CHE (87.55 + 1.4%) which was asrgjras the positive control , BHT (no
significant difference, 0.05) followed by ME (84.59+1.8%), EAE (81.05 +0%) and
AQE (46.95 +0.49%) (Figure.60). Our study is imemgment with the work of Goncalvex
al.(2013) andKumaret al. (2011) who demonstrated that extracts of myrtle preparedgusin

different organic solvents were effective inhib&a@f lipid peroxidation.

However, the effect of different fractions ofO. glandulosun{2 mg/ml) on lipid
peroxidation of linoleic acid emulsion were fouradkie 91.16 + 1.58 % , 87.83 = 2.49 %,
66.19 + 3.12 % and 33.14 + 2.33% for CHE, EAE, MIGE respectively (Figure. 60). The
activity of both extracts, CHE and EAE was simitar that of BHT (no significant

difference, p0.05).
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Consequently, these results clearly indicated thia¢ different plant fractions had
effective and powerful antioxidant activity whiclouwdd be attributed to their phenolic
contents at least fo€.azarolus(R? = 0.55) andO.glandulosum(R2=0.37) but a low
correlation was observed fdvl.communis(R?=0.18). Phenolic compounds in plant are
powerful free radical-scavengers which can inHipid peroxidation by neutralizing peroxyl
radicals or decomposing peroxides generated duh@gxidation of lipids (Adedapet al.,
2008). Therefore, inhibition of lipid peroxidatidoy the C azarolusand O.glandulosum
leaves extracts can be a fundamental property ghrothich they can mitigate the initiation
and/or propagation of oxidative stress relatedatiss. Moreover, the antioxidant activity of
an extract could not be explained on the basigsophenolic content, which also needs its
characterization. A high antioxidant activity cowdtso be due to other compounds besides
phenolics which are soluble in different solverBaghianiet al.,2012) and this could partly

explain the higher antioxidant activity of myrtlachoregano extracts.

3.8. Antioxidant activity of extracts using TBA test

One of the major targets of reactive oxygen spesiése cellular biomembranes, where
they induce lipid peroxidation resulting in the guoation of MDA which can react with
biomolecules and exert cytotoxic and genotoxic aéf§Ardestani and Yazdanparast 2007;

Wang et al .,2009; Patelet al.,2011).

Different from the FTC test, which is related te theroxide formation in the initial
stage of lipid oxidation, the TBA test measutles amount of MDA produced after the

decomposition of the lipid peroxide during the @tidn process (Ziet al.,2002).

As seen in Figure. 61, all fractions @. azarolus except for AgE, showed a

significantly (p< 0.05) high antioxidant activity within the range &7 — 74.23 % when
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compared with BHT (79.75 £ 0.61%). The inhibitioh lipid peroxidation decreased in the

following order of EAE (74.23 + 0.61%) > CHE(71.% 5.94%)>ME (32.33 + 2.03%)>
AQE (8.27 £ 0.24 %).

Moreover, The percentage inhibition of MDA formatiof myrtle fractions exhibited

the following order: CHE (82.59+ 1.9% ) > ME (7442447 % ) >EAE(71.78+0.61 % ) >
AQE (28.96+0.49 % )(Figure. 61).

For O. glandulosumthe CHE and EAE presented the highest antioxidativity in
inhibiting MDA formation with values of 80.6 + 4.1% and 74.54 +2.24 %, respectively
which are similar to that of BHT (Figure.61), whase ME and AQE had significantly low

antioxidant activity ( 0.001) with values of 48.24 + 1.75% and 24.29 * %87

respectively.
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Figure. 61: Antioxidant activities of different plant extract® mg/ml ) measured by TBA method.
ME: methanolic extract, CHE: chloroform extract, EAethyl acetate extract, AQE: aqueous extract.
BHT was used as reference antioxidant. Values &bemeans + SD (n = 3). (ns: no significant
difference ,*p < 0.05, ** p < 0.01, ** p < 0.00Kpmpared to BHT as standard.
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The analysis of the correlation between the tat@nplic compounds and antioxidant
activities using TBA test showed a moderate datien for C.azarolugR2? = 0.53) andO.
glandulodum(R2=0.38) and a low correlation was also obsefeedl.communigR2=0.16 ).
The antioxidative effectiveness in natural sourhas been reported to be mostly due to
phenolic compounds. Some authors have found alabome between the phenolic content
and the antioxidant activity (Duh and Yen, 1997)hilev others have found no such
relationship (Sun and Ho, 2005). Thus, lipid pétation inhibition of C.azarolusand
O.glandulosumcould mainly be due to their phenolic componesush as flavonoids,
phenolic acids, phenolic diterpenes, that haveitphib act as antioxidant due to the
presence of conjugated ring structures and carlmogybups which have been reported to
inhibit lipid peroxidation (Priyadharshimt al.,2012; Moyoet al., 2012). Different phenolic
compounds also vary in their antioxidant activitieanhd may work cooperatively,
antagonistically or synergistically with other cooomds present in crude extracts

(Ni“ciforovi'c et al.,2010).

Our results are in accordance with previously @igd reports which indicated that
the antioxidant activity of the FTC method is heglthan the antioxidant activity of the TBA
assay and the two assays were strongly correldisohail et al., 2010; Norhaizaret al.,
2011; Rezaeizadeét al., 2011), and this is mainly due to the amount abypiele in the
initial stage of lipid peroxidation was greaterrihihe amount of peroxide in the secondary
stage. Furthermore, the secondary product suchamaidehyde is not stable for a period of
time. It will turn into alcohol and acid which cavot be detected by spectrophotometer

(Rahmatet al.,2003; Saha&t al.,2004; Rezaeizadedt al.,2011).

Also, we can conclude from the results of bai$te, that CHE and EAE were the

most effective in inhibiting the lipid peroxidatidhan the other separated fractions (ME and
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AqQE), which were lower than the activity of BHHlence, these antioxidant activities were in
agreement with those found in tpecarotene linoleic acid system. An indication ttze

antioxidant activities measured in the three magstems complemented each other.

4. Antioxidant activity of extracts: in vivo assays

4.1. Plasma antioxidant capacity

Several methods have been used to evaluate thexidaimt capacity of flavonoids and
extracts of flavonoid-rich foods and that of hunasma before and after consumption of
flavonoid-rich foods. These methods include therideeducing antioxidant potential
(FRAP); oxygen radical absorbance capacity (ORA@out or with prior precipitation of
plasma proteins with perchloric acid (ORAC-PCARpltx equivalent antioxidant capacity
(TEAC); and total radical-trapping antioxidant paeter (TRAP). All these assays assess
either the radical-scavenging (hydrogen atom texhslr reducing (electron transfer) capacity

of the compound or (biological) fluid under investiion (Lotito and Frei, 2006).
4.1.1. Effect of extracts on plasma antioxydant caeity using DPPH radical

To evaluate the effectiveness of an antioxydardtitnent, the scavenger effect against
DPPH radical was assessed; this last method i®llangsed to evaluate the antioxydant
activity of plant extracts and food. It is alsoedsto evaluate the plasmatic antioxydant

capacity which is expressed as a percentage irdnbit

In this study, the obtained results ( Figure. §bwed that the administratiper os
of ME fromC. azarolus at doses of 100 and 200 mg/Kg in rats eased significantly
the plasma antioxydant capacity with values of 283+ 1.36 % and 16.65 + 1.40 %,

respectively compared to control group (7.37 23k
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On the other hand, the administration of the sdoses of ME fromM. communis
showed low scavenger activity compared to congroup but this decrease is still
statistically no significant. HoweveD.glandulosumtreatment resulted in the elevation of
plasma antioxidant activity with percent inhibitiof (9.50 £ 1.56 % and 13.96 + 1.54 % )

for the the doses 100 mg/kg and 200 mg/kg , résedg compared to control group.

In general, it was found that 100 and 200 mg/kased of ME fromC. azarolusand
200 mg/kg dose of ME fromO.glandulosumwere as stronger ( no significant difference ; p

>0.05) as vitamin C (14.90 = 1.24 %) to incragdhe total plasma antioxidant capacity.
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Figure. 62: A comparison between different plant extracts ptasma antioxidant capacity using
DPPH radical. Data were presented as % means *@EM5). (ns: no significant difference ; ** p <

0.01; * p < 0.05) compared to control group.
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4.1. 2. Effects of extracts on plasma reducing powe

Plasma antioxidant capacity of the selected plardgse reinforced by the reducing
power assay. Data demonstrated that administratio ME of C. azarolus M. communis
and O. glandulosumpossess similar DPPH-free radical scavenging mpatt&s seen in
Figure. 62, all extracts doses showed electmmation capacity dose dependently, but
only the reducing power of the dose 200 mgfkgm C.azarolus andO. glandulosum

(0.64 £ 0.08 and 0.46 £ 0.05, respectively)evaignificantly higher than that of control

group.
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Figure. 63: A comparison between different plant extracts plasma antioxidant capacity using
DPPH radical. Data were presented as means + SEM@Gn ( ns: no significant difference; * p <

0.05; ** p < 0.001) compared to control group.
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However, in rats that were orally treated witlC. azarolug100 mg/kg) M. communis
(100 and 200 kg/kg) and.glandulosun{100 mg/kg), their plasma reducing capacityueal
were 0.45+0.02, 0.25+ 0.02, 0.33 +£0.025 +0. 003, respectively. These values did
not show any important alteration in plasma redgicpower ( no significant difference, p >
0.05) when compared to control and positive growgsch had values of 0.31 + 0.02 and

0.35 0.03, respectively.

These obtained results showed a positive asgmtiaetween plant extracts administration

and plasma antioxidant capacity using DPPH scangnagsay and reducing power and these
effects may be primarily attributed to the polypbencontents of these plant extracts. Many

studies have found highly significant correlatiogtvileen the measured plasma antioxidant
capacity and the total phenol content of plantwstiextracts and beverages (Gladigieal.,

2007; Oliveira et al.,2010; Vicenteet al.,2014;Avila-Nava et al.,2014).

It was reported that the consumption of extrayiairolive oil rich in phenolic
compounds (30 days , 50 ml/day) increases thexad#ént activity by 40% (Oliveras-Lopez
et al.,2014) and the consumption of 482 ml/day coffee mcphenolic acids such as caffeic,
ferulic, chlorogenic, and p-coumaric acids for 4eke& increases also the plasma total
antioxidant status subjects by 26 % (Coreéal.2012). Addition of catechins (Riveet
al., 2005) or tea extract to human plasma and tea ogpison by humans (Borst al., 2001)

were also reported to increase the total antioxidapacity of plasma.

Furthermore, the administration of 80 g of prougia-rich semisweet chocolate
caused elevation of plasma (-)-epicatechimf@®2 to 257 nM, and significant increase
of 31% in plasma total antioxidant capacity, esponding to about 9@QM trolox

equivalents ( Reiret al.,2000).
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One of the most important properties of an antiartdsubstance is that, besides being a
scavengein vitro, the antioxidant compound should be able to rehelsite of action in its
active form and consequently act on the target cutds. The results for plasma antioxidant
activity in vivo in rats using DPPH radical scavenging activity aeaducing power assay
showed remarkable increase in antioxidant actidig to administration of methanolic
extracts of selected plant and thieirvivo efficiency could be classified as: MEG.azarolus

> ME - 0. glandulosum» ME - M.communis

These data indicate that treatment with MBVbfcommunig 200 mg/kg) did not make
a significant contribution to the change in plassméioxidant capacity in our study. However
ME of M. communisat dose of 100 mg/kg decreased plasma DPPHeaghating power
values , suggesting an effect of food intge o0s, in agreement with previous reports (Cao

and Prior 2000; Mazzaet al.,2002).

Another interesting finding of the present studyswhat a weak correlation occurred
between thdn vitro and thein vivo antioxidant capacity of plant extracts, especiédly
myrtle methanolic extract which was found to exh#bistrong antioxidant activitiyn vitro.
Despite the strong antioxidant capacity of polypiein vitro, their antioxidant efficacyn
vivo is limited by several factors including low bi@éility and metabolic conversion of the

absorbed polyphenols.

Firstly, the maximum plasma concentration of pobmbls rarely exceedsuil
following ingestion of 10-100 mg of a single phaaatompound (Veskoukist al., 2012).
Thus, the maximal plasma concentrations of flavdsan humans, reached usually between 1
and 3 h after consumption of flavonoid-rich foodss between 0.06 and 7u# for flavonols,
flavanols, and flavanones, and less than QNISor anthocyanidins (Manacét al., 2005). In
addition, the half-lives of flavonoids in human git@a are short, usually in the range of a few
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hours. These factors severely limit the capabditgietary flavonoids to act as antioxidants in
plasmain vivo, especially compared to other antioxidants presemiasma at high steady-
state concentrations, e.g., 30—180 ascorbate (vitamin C), 160—-45®/ urate, or 15-4@M

a- tocopherol (vitamin E) (Lotito and Frei , 2006).

Secondly, the low effect of flavonoids in tie vivo study may be attributed to their
biotransformation in liver to non active compounésllowing ingestion, polyphenols are
mainly absorbed as their aglycones (Avila-Naval.,2014) and appear in plasma largely as
conjugates with glucuronic acid or as sulfated amethylated compounds. Other
modifications also occur, such as the metabolisnthdbrogenic acid to caffeic acid by
esterases. These metabolic modifications can sufsa alter their antioxidant properties

(Prochazkovaet al.,2011; Xiaoet al.2014).

4.2. Effect of extracts on hepatic and renal antiagant status

It is well known that free radicals can cause dalinage through covalent binding and
lipid peroxidation with subsequent tissue injuryvdr and kidney are most vulnerable to

injury by free radicals resulting in serious hegtbblems (Sreenivasamurthgt al.2012).

Antioxidant agents of natural source have attrasigetial attention because they can
protect the human body from these free radicalstrifRdwuanyanwu et al., 2011,
Sreenivasamurthgt al., 2012). Thus, in this study, the selected plantagx$ were screened
for their possiblen vivo antioxidant activity, which served as a significardicator of their

potential antioxidant activity to maintain redoatsis.
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4.2.1. Effect of extracts on total proteins level

Liver is one of the largest glands in the humanybadd the chief site for intense
metabolism and excretion. So, it has the surprisohg in the maintenance, performance and
regulating the homeostasis of body. It is involagb in almost all biochemical pathways to
growth, to fight against infections, diseases, inatrsupply, energy provision etc. The major
functions of liver are carbohydrate, protein antl rfeetabolism, detoxification, storage of
vitamin and formation of bile (Huet al.,2011; Rayeset al.,2013). Thus, we tried in this

study to evaluate the effect of extracts on totatgins level in liver and kidney.

As seen in Figure 64, the treatment with MEhat doses of 100 and 200 mg/kg and
vitamin C (100 mg/kg) resulted in significant (p0<05) increase of total proteins level in
liver except for the dose of 100 mg/kg of ME M.communiswhen compared to control
group (26.87+ 0.74 mg/ml). The total protein leveisr C.azarolus, M.communisand O.
glandulosumat doses of 100 mg/kg and 200 mg/kg were fdarake (30.50 = 0.77 mg/ml,
30.51 +0.32 mg/ml), (27.99 + 1.05 mg/ml, 33.53 8LAg/ml), and (29.82 = 0.77 mg/ml,

31.84 = 0.68 mg/ml), respectively.

However, the administration of the same dosesvE of the three studied plants and
vitamin C had no effect (no significant differenge,>0.05) on proteins level in kidneys
compared to control (26.43 £ 2.91 mg/ml) andamin C groups ( 28.99 = 0.82 mg/ml ).
ME of C. azarolus(200 mg/ml) showed the lowest total proteins cont@4.24 + 0.82
mg/ml), whereas the highest content of 28.87 + @m@dml was signaled faD.glandulosum

(200 mg/kg).
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Figure. 64: Effect of methanolic extract o€.azarolus M.communisO. glandulosunand vitamin C

ontotal proteins level in liver (A) and kidney (Bj rats . Values are given as mean + SEM (n=6).
(ns: no significant difference; * p < 0.05; ** pG01; *** p < 0.001) compared to control group.
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As mentioned above, liver is the site of synthestisrage, and metabolism for proteins
and a healthy functioning liver is required for tnthesis of the serum proteins except for
they globulins. Hypoproteinemia is a feature of livanthge due to significant fall in protein
synthesis (Akilavalli et al., 2011). It has been reported that stimulationrotgin synthesis
has been advanced as a contributing hepatopratectiechanism which accelerates
regeneration of cells (Patrick-lwuanyanwtial., 2011). Thus, an increase in total proteins
level evaluated in this sudy suggests the ssalibn of endoplasmic reticulum by plant

extracts treatment, leading to protein synthesas{iNet al.,2013).

Kidney plays an essential role in health, diseask @verall development and growth.
The main function of kidney is to maintain totaldydfluid volume, its composition and acid
base balance. A number of environmental variableduding certain xenobiotics (e.g.
pesticides) influence these functions (Retial.,2014). As mentioned above, there was no
significant alteration of renal proteins levedahis may be due to the protective and safety

effects of the administered plant extracts enalr tissues.

4.2.2. Effect of extracts on catalase activity

Endogenous antioxidant, SOD detoxifies the supéonamadicals into KO, and catalase
converts this by-product into water and molecubaygen, which contribute to the protective
function by scavenging for any excess lipid perakimh products generated (Pandanaboina
et al.,2012; Yeet al., 2014). Thusjn vivo effects of methanolic extract df. azarolus, M.
communis O. glandulosumand vitamin C on catalase activity in liver andney of rats

were evaluated and shown in Figure. 65.
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Figure. 65: Effect of methanolic extract af.azarolus M.communisO. glandulosunmand vitamin C
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In our study, it was observed that the treatmemratsf with the ME ofC. azarolus M.
communis O. glandulosum at doses of 100 and 200 mg/kg exhibited ine@astivity of
catalase in liver, but this increase didn’t reatztistically significant difference except for
the dose 200 mg/kg &. azarolusvhen compared to control group (34.67 + 4.53 Wdgue).
The values of catalase activity of the two admietdoses of 100 and 200 mg/kg were
(42.68 = 3.101 U/ g tissue; 49.53 £ 2.31 U/ g t#89s§35.26+3.228 U/ g tissue; 41.45+ 2.31
U/ g tissue) and (27.66 + 2.18 U/ tissue; 32.09843U/ g tissue) forC. azarolus M.

communisandO. glandulosumrespectively.

Also, it was observed a significant increase<(9.01) in the activity of renal
catalase in the groups treated wittazarolusat doses of 100 and 200 mg/kg (73.93 + 4.89 U/
g tissue and 78.88 * 6.84 U/ g tissue, respegtiyelwhen compared with control group
(40.84 £ 6.11 Ul/g tissue). Similarly, administratiof M. communisat dose of 200 mg/kg
significantly (p <0.01) increased the activity of this enzyme (6926.7 U/g tissue).
However, no significant difference was observedneen rat groups treated with ME of

O.glandulosum(100 and 200 mg/kg) and vitamin C (100 mg/kg) wikkempared to control

group.

In the present study, the increase in catalsasatgcibserved after the administration
of ME of selected plants may be due to the éytels of polyphenols in these extracts.
Similar studies have shown a positive effect ofedldnt classes of polyphenols on antioxidant
enzyme activities (SOD, CAT and GPx) in animal eloand human studies (Femrg al.,
2010; Srivastava and Shivanandappa, 2010; &tiral., 2013, Avila-Navaet al., 2014;

Khanet al.,2014; Kardunet al.,2014; Wuet al.,2015).
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The mechanisms underlying the activation of antlart enzymes by polyphenols are
not fully understood but a number of studies intidaalso an association between
polyphenols and antioxidant enzyme expression ui@ear factor-erythroid-2—related factor
2 (Nrf 2) activationin vivo and in various cultured cell lingMitjavila and Moreno, 2012;

Oliveras-Lépezet al.,2014; Nakayameet al.,2015).

Nakayamaet al. (2015) demonstrated that pine bark extract imeat resulted in
increases in the expressions of antioxidant enzyglesathione peroxidase-1, catalase, and
heme oxygenase-1 in THP-1 monocytic cells. In &oldit pine bark extract induced
activation of Nrf2, which was accompanied by tohgvation of extracellular signal-regulated

kinase and Akt despite a down-regulation of reactixygen species.

Oral extra virgin oil intake also was found to iease CAT and GPx activities and their
MRNA expressions in healthy adults (Oliveras-Lomgzl.,2014). These findings that may
support our hypothesis in that the methanolic extod these plants might exert antioxidant
activities based on its ability to stimulate adivof antioxidant enzymes and an induction of

gene expression.

4.6.3. Effect of extracts on GSH level

ME of C. azarolus, M. communisandO. glandulosumper ostreatment to rats at doses of
100 and 200 mg/kg did not alter the level of GiaHiver compared to control (18.34
+2.47 pmol/g tissue) and vitamin C groups (17.60-80 pmol/g tissue ) (Figure.66). It was
found that at dose of 200 mg/KQ,azarolusextract had a slightly higher effect on GSH level
(22.11+ 1.72 pmol/g tissue) followed bW. communig(21.18 + 0.96 pmol/g tissue) and

O.glandulosun{17.42 + 0.66 umol/g tissue).
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Also, administration ofC. azarolusM. communisandO. glandulosurat two different
doses (100 and 200 mg/kg) in rats didn’t prodgigaificant increase in renal GSH levels
except in the case of ME of. azarolus( 200 mg/kg) which had the value of 26.29 + 3.41
pnmol/g tissue. The treatment with the vitamin Covgld a considerable effect in increasing
GSH level (32.60 % 2. 822 pmol/g tissue) compacedantrol group and other extracts traited

groups (Figure.66).

GSH antioxidant system plays a fundamental roleditular defense against reactive
free radicals and other oxidant species. This systensists of GSH and an array of
functionally related enzymes, of which GR is respble for the regeneration of GSH,
whereas GPx and GST work together with GSH in #@uahposition of hydrogen peroxide,
superoxide anions and alkoxy radicals (Srivastawh @hivanandappa, 2010; Huet al.,
2011; Lavie, 2014). Thus, GSH plays a primar lialthe maintenance of a balanced redox
status. Hence, it can serve as a potential markeuszeptibility, early and reversible tissue
damage, and of decrease in antioxidant defensesfilalet al., 2011; Jain and Singhai,
2012). Also, depletion of GSH level has been showvbe associated with enhanced lipid

peroxidation (Akilavalliet al., 2011; Nasiet al., 2013).

In this study, all plant extracts administereddase of 100 and 200 mg/kg increased
slightly the hepatic and renal reduced glutathiereept for theC. azarolug( 200 mg /kg),

where the increase in GSH was found significan

Akila and Devaraj ( 2008) demonstratd that oraheuistration of tincture o€rataegus
(TCR) made from alcoholic extract berries Qrataegus oxyacanth@.5 mi/100 g body
weight) to rats fed with an atherogenic (4% chaesdt 1% cholic acid, 0.5% thiouracil) diet
caused a significant decrease in lipid accumulaimthe liver and aorta and significantly
restored the activity of antioxidant enzymes such saiperoxide dismutase, catalase,
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glutathione peroxidase, and glutathione. This ¢ffamuld be attributed to the synergistic

activity of flavonoids in TCR

Taking into account the fact that ME of the thstadied plants contained high
concentration of phenolics and flavonoids, suchstituents have demonstrated previously
significant increase of GSH level (Wang and ©i#910; Srivastavaet al.,2011; Jain
and Singhai , 2012), thus, their presence coxbiaen the elevated content of GSH by ME
of C.azarolus treatment in rats or maintaining the normaloraif reduced glutathione
(GSH) to oxidized glutathione (GSSG) and a normedbx state in liver and kidney df/.

communisandO. glandulosuntreated groups.

Furthermore, it was reported that the increagherlevels of GSH may possibly be due
to de novosynthesis and/or GSH regeneration (Nasial., 2013) via glutathione reductase

activation and inhibiting free radical formation.

4.2.4. Effect of extracts on lipid peroxidation

The concentration of MDA was measured as an indeke extent of lipid peroxidation in
different extracts treated groups. It was obsentyed treatment (Figure.67) with methanolic
extract ofC. azarolus at dose of 200 mg/kg significantly reduced €Qp001) the level of
MDA in liver (52.1 £ 2.16 nmol/ g tissue) comparedcontrol group (81.69 £3.49 nmol/ g
tissue). Similarly, the doses (100 and 200 mg/kfj)) ME of O.glandulosumsignificantly

(p <0.01) decreased the levels of MDA with valo€58.96 + 5.88 nmol/ g tissue and 54.83
+5.08 nmol/ g tissue, respectively. ME Bf.communis decreased MDA formation with
level of 73.64 + 4.68 nmol/ g tissue and 65.98326 nmol/ g tissue for the dose of 100 and
200 mg/kg, respectively, but this decrease wassttally not significant when compared to

control group.
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Figure . 67 : Effect of methanolic extract o€. azarolusM. communisO. glandulosurmand vitamin
C on MDA level in liver (A) and kidney (B) of ratsValues are given as means + SEM (n=6). (ns:

no significant difference; * p < 0.05; ** p < 0.0%%** p <0.001) compared to control group.
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As seen in Figure 67, the same results were olstame kidney homogenates of rats
treated with methanolic extract of selected nfgdaThere was significant decrease in the
levels of MDA in rat groups treated with 100 an@02mg/kg of ME ofC.azaroluswith
values of 55. 56 £7.23 and 38.13+ 4.29 nmol/ guigs respectively when compared with
control group (89.04+ 8.52 nmol/ g tissue). Theealoses exhibited similar effect to that of
rats receiving the standard drug; vitamin C (387298 nmol/ g tissue). Also, the dose of
200 mg/kg of ME ofO. glandulosumdecreased lipid peroxidation (64.05 +0.77 nmol/ g
tissue). However, the groups treated witM. communis(100 and 200 mg/kg) and
O.glandulosum(100 mg/kg) decreased the MDA level without reagh the statistical

significance when compared with control group.

Propagative lipid peroxidation is a degenerativepss that affects cell membranes and
other lipid containing structures under conditimisoxidative stress (Najeeét al., 2012).
Oxidation LDL resulting from increased oxidativeess is an essential early event in the
pathogenesis of atherosclerosis whichaisnajor complication of hypertension. Hence, lipid
profile has been reported to be ihgportant predictor for metabolic disturbances ulohg
hypertension, dyslipidaemia, diabetes, hyperinaglinia and cardiovascular diseases (\&ali

al., 2012).

In our study, we observed that the level of hep®tlBA formation in rats treated
groups followed the decreasing ordelM:communistreated group >C.azarolustreated
group >0.glandulosuntreated group. Whereas the renal MDA level rews this order:

M.communidreated group ©.glandulosuntreated group €.azarolugstreated group.

These observed results may be due to the higbhpoblic contents of the plant

extracts. Manyin vivo studies suggested that polyphenols and flavenwath extracts could
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exhibit antioxidant ability through affecting theopuction of free radicals in the progress of
aerobic respiration and lipid peroxidation in tirganism. The antioxidant mechanism used
by these reductones breaks free radical chainioeacby donating a hydrogen atom, or by
reacting with certain precursors to prevent perexarmation (Jian@t al.,2011). Therefore,
antioxidants can delay or prevent the oxidatiofippfis or other molecules by inhibiting the
initiation or propagation of oxidizing chain reawts. Different antioxidants have a wide

range of capacities to scavenge various reactiygexspecies (Wang and Chen, 2010).

Accordingly, a lower level of oxidative stress aintbrovement in antioxidant status
was found in many researches after polyphenolfockl administration mainly based on the
reduction of TBARS levels (Bernalet al., 2013; Boaventurat al., 2013; Athiroh et al.,

2014; Kardunret al.,2014).

Flavonoids such as catechin or quercetin may dyreetpture @ -, H,O, or HOCI
and may also chelate and remove transition ni@tal such as iron or copper, thus avoiding
the formation of ROS produced by the Fenton reactiad inhibiting lipid peroxidation

(Qui"noneset al.,2013).

The differences in the inhibition of lipid peroxidan between plant extracts may be
attributed to their different phenolic contentsd atbmpositions (Bonarska-Kujawet al.,
2011). Furthermore, changes in structure of isdlafhenolic compounds, such as
glycosylation, resulted in a decrease of antioxidactivity, probably due to its weaker

binding to biologicamembranes (Kardumt al.,2014).

Moreover, the reduction of the lipid peroxidatiolevel in  groups treated with
methanolic extract o€.azarolusand O.glandulosum could be due to the increase in the

antioxidant status, resulting in an increase inatigvity of catalase and concentration of the
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GSH compared to the control group (Figure. 65 @®)d It was reported that if the catalase
and GSH activities are not sufficiently enhancedntetabolize hydrogen peroxide, this can
lead to increased hydrogen peroxide and TBARS geviélis noteworthy that, in mice

supplemented with ferulic acid and clofibrate, therease of antioxidant enzyme activities
resulted in significant reduction of hepatic TBARSels compared with the control group

(Khalifa and ElImazny2013).
5. Hypotensive effects of extracts in anesthetizedts

The present study demonstrated for the first tina¢ the ME and EAE ofC. azarolus,
M. communisand O. glandulosum possessed hypotensive effect, thus underscohieig t
potential usefulness for the management of hypsidan especially in the reduction of
cardiovascular complications, morbidities or matited that may accompany adverse changes

in any or a combination of systolic, diastolic, ggiend mean arterial pressures.

Our results revealed that the intravenous admatistr of all plant extracts
experimented at the range doses from 0.04 to 1Xxgngbody weight induced  dose-
dependent and transitory decrease in systolastalic blood pressure and mean arterial

blood pressure of the anesthetized rats (Appdrdix

At the maximal dose of the ME (12 mg/kg) injectederage SBP and DBP were
decreased significantly by (28.12+ 2.34% ; 26.2083%), ( 18.67 = 2%; 21.57 + 3.17%)
and (14.24 £ 2.69 %; 15.67 + 4.31%), respectively C. azarolus, M. communind O.
glandulosum (Figure.68), whereas a percent decrease in SBRD8P for EAE was about
(38.29 £5.69 ; 41.54 + 5.13 %), (30.46 + 2.88983.51 + 1.07%) and (21.44 + 2.58%;

22.33 £ 4.26% ), respectively. azarolus, M. communandO. glandulosum(Figure.68).

144



Results and discussion

? 0' a;- ﬂ‘
2 2
: :
g 104 @ 10
T T
c c
® 20 © 20-
o o
7 &
£ 30 € 30-
2 - SBP 8 -+ SBP
S 40- S 40
E -+ DBP g -+ DBP
D 50 T T T T T T T 1 D 5{: ] 1 1 1 ] L) I 1
18 14 1.0 06 -02 02 06 10 14 18 14 10 06 -02 02 06 10 14
log [ME]mg/Kg log [EAE]mg/Kg
s O 2 0-
g © 5 5
Q104 9 10-
E 2
& 15 & 15-
o o
- 20-
@ 20 @ 20
£ 254 £ 259
Q Q
8 3071 o spp 8 %1 o spp
5 351 -= DBP 5 354 -= DBP
[} Q
D 40 1 L] 1] T T T T 1 D 40 ] ) T T T ] ] 1
18 14 10 06 -02 02 06 10 14 1.8 14 1.0 -06 02 02 06 10 14
log [ME]mg/Kg log [EAE]mg/Kg
(‘t
O ~ B
T &
g g
= 10+ S 1
& =
% 20+ % -
o] ¥
= =
%Sﬁ- - SEF %m- - spp
£ - [BP = - [BP
pi3 [
ﬁ d‘ﬁ T T T 1 L) T T 1 ﬁ m T L] T T T T T 1
A48 A4 0 08 02 02 06 1.0 14 -8 <14 -10 46 02 02 06 10 14
log [MEJmgiKg leg [EAE]mgiKg

Figure. 68: Concentration-response curves of ME and EAE dfeint plantson systolic (SBP) and
diastolic (DBP) blood pressure of anesthetized. réfg: C. azarolus (B); M.communis (C):

O.glandulosumValues are means + SEM (n=6).
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The hypotensive response at dose of 12 mg/kg wasdfto be more potent with the
EAE for which the maximal fall in MABP was about%(37 + 3.41% ),( 32.49 + 2.88%) and,
( 22.04 + 3.14%) forC. azarolus, M. communiand O. glandulosumrespectively in
comparison with the maximal fall observed with ME; (27.58+1.3% ), ( 20.6 = 2.78 %) ,
and ( 15.19 % 3.23 %) fof.azarolus, M.communiand O. glandulosumrespectively

(Figure.69).

From the above results, it was found that ME fr@mazarolus and M.communis
decreased significantly (g 0.05) the MABP at all doses except for 0.04 kggdose,
whereas ME fromO. glandulosum decreased significantly the MABP at the dosedf

mg/Kg to 12 mg/kg.

Similarly, it was found that EAE fron€.azarolusand O.glandulosum decreased
significantly the MABP (p< 0.05) at the dose of 0. 4 mg/kg to 12 mg/kg, @berEAE from

M.communiglecreased the MABP at the dose of 0. 12 mg/k§j2tmg/kg.

The results obtained from the hypotensive effed€ofzarolus are consistent with
the effect of relatedCrataegus species in various hypertensive rat modelsiardinical
studies. It has been shown that the injectionnobgueous methanol extract (70 %) of the
flowering tops ofC. meyeri(Garjaniet al.,2000) and aqueous extract Gf aronia( Shatoor,
2013) caused a dose-dependent reduction in meéanaliblood pressure in Wistar rats.
Similar results were also obtained for the aquemdsact ofC. tanacetifolialeaves and its
hyperoside-rich fraction which significantly ettuated the increase in blood pressure in
(L-NAME)-induced hypertensive rats (Kogyildet al., 2006). Moreover, Cheat al. (1998)
demonstrated that ethanol extract from thetdruf Crataegusspp. counteracted
vasoconstriction in U46619- precontracted rat mesenarteries, suggesting an increased
production of NO by the endothelial cells as tlegy knechanism of this vasodilating effect.
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Reportedly, in a double-blind, randomised, placebotrolled clinical trial, supplementation
with an extract of the flowering tops @f. laevigata 1200 mg daily for 16 weeks, reduced
diastolic blood pressure compared with placebo ypehensive type 2 diabetes patients
(Walker et al.,2006). This finding was also noted by Asgatyal (2004) in subjects with
primary mild hypertension treated with an aquedharl extract of leaves and flowers@f

curvisepalafor three months.

The leaves oM. communis and O. glandulosumare commonly used in traditional
Algerian medicine as antihypertensive therapy, It pharmacological evidences of their
activity are lacking. Therefore, our major findiofithis study is that the hypotensive effect of

ME and EAE fromM.communisandO. glandulosumleaves was reported for the first time.

Our data reveal that EAE elicited a significant bigmsive response than ME. These
significant effects may be solidly related to thpirenolic and flavonoids contents and the

effect of the major compounds identified in theseaets.

Previous studies reported that these secondaryboldés are capable of exerting their
antihypertensive effects by different pathways,hsas reduction of intracellular €a
endothelium dependent vasodilation involving NOduation (Akhlaghi and Bandy, 2009;
Torres-Piedra, 2011; Nugrohet al.2013). NO exerts its vasodilator effects by acthgt
soluble guanylyl cyclase in vascular smooth mussls and the subsequent increase in
cGMP. Several flavonoids have also been reporteihhibit several PDE isoforms. Thus,
inhibition of PDEs may represent another potentiachanism for flavonoid induced
prevention of endothelial dysfunction. In additiomquercetin and its sulfated metabolite
selectively enhanced cyclic-GMP-dependent relaratlmy a mechanism not involving PDE 5

inhibition (Suriet al.,2010; Ojedaet al.,2010).
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Furthermore, some studies have shown that thesgaunds may even inhibit the
angiotensin converting enzyme and reduced oxidastatus caused by the antioxidant
capacity of these compounds which could also emplaeir vasodilator and cardioprotective

effects (Schmittand Dirsch2009; Alarcén-Alonset al.,2012).

It was reported that chronic administration of exilant flavonoids such as quercetin
reduce blood pressure and enhance endotheliummdepe relaxation in various animal
models of hypertension. This vascular beneficiale@$ of quercetin and related
bioflavonoids were suggested to derive from theatgrtive antioxidant effects which lead to

improved bioavailability of endothelium-derived NBelmokhtar et al., 2009).

In this study, the phytochemical screening confaintiee presence of two flavonoids
from C. azarolus((+) - catechin and hyperoside), one frdthcommunis(myricetin -3-O-
rhamnoside) and one frof. glandulosum (katuranin), thus, these bioactive principles , a

least in-part, may be responsible for the obsehygmbtensive effecof the studied plants.

Hawthorn extracts have been reported to induce thelilom-dependent NO-mediated
vasodilatation (Brixiugt al., 2006; Shatooet al.,2012) and inhibition of CGa influx to the
smooth muscle (Cheat al., 1998). Indeed, hyperoside has been shown to inb#@cium
influx induced by the activation of G-protein-coeglreceptors leading to vasorelaxant effect
(Li et al.,2013). The findings of Schroetet al (2006) suggest that oral administration of
pure (-)-epicatechin showed similar acute vascefécts as catechin -rich cocoa. These

effects were likely due to augmentation of NO swsth by flavanols.

The observed hypotensive is more important with B from C. azarolusand M.
communis in comparison with the maximal hypotensive obsérweith EAE from

O.glandumosum which have the higher phenolic contents . Havethe effect of ME
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from M.Communis is less important than that of ME froBh azarolus wich have lower
phenolic contents, and that of ME frddnglandulosumis even less. In light of these results,
it appears that our study confirmed the findinghefm et al. (2002) who reported that the

chemical structure of flavonoids affects their lhelesm and biological activity.

Structure-activity relationships have been propdsedasorelaxing activity (Calderone
et al., 2004). Thus, series of flavones like 3-hydroxyflag, 6- hydroxyflavone, 7-
hydroxyflavone, chrysin have been evaluated &wtvivo andin-vitro vasorelaxant effect,
therefore, can be the drugs of interest as nowélypertensive agents. As example of this, it
was found that intravenous administration of isogmeén (0.5—4 mg/kg), but not kaempferol,
caused a dose-dependent reduction in MAP (Gaspaluttioret al.,2012). It seems that all
the flavone derivatives possess endothelium-dependesorelaxant effect, with an increased
production of NO and prostacyclin PGih a concentration-dependent manner (Akhlaghi and

Bandy, 2009; Torres-Piedrat al.,2011).

Hydroxyl group at C-5 and C-7 positions in thegrid, C-4 carbonyl group, C2=C3
double bond and hydroxyl groups at different possi in ring-B are important features for
the vasorelaxant activity, while the presence ajly&osyl group at C-8, hydroxyl group at

the C-3 position, greatly reduce relaxation eff&hngh et al.,2014).

On the other hand, bulky substituent's at ortho-raeta- positions on ring-B of flavone
derivatives decrease the potency of vasorelaxdmitaes. 5, 7-dihydroxy-3’-bromo-flavone
exhibited the highest vasodilator activity (Singfhal.,2014). It was reported also that prenyl
groups could increase the lipophilicity and conferthe molecule a strong affinity to
biological membranes, and result in the signifieamtancement of bioactivities. Hydrophobic
substituent's (as Br and trimethoxyl) in ring-Bflaflvone exhibit medium activities, while the
3-hydroxyl substituent attenuated the relaxasictivity (Donget al.,2008).
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The most effective vasorelaxing agents, luteolid apigenin  exhibit lower energy,
and small molecular volume size so have diverseractions like steric and electronic

between the compounds and receptors €Xal.,2007; Singhet al.,2014).

6. Diuretic activity of plant extracts

Diuretics, either alone or in combination with atloeugs, are valuable in the treatment
of hypertension, congestive heart failure, pulmgretema, nephritic syndrome, renal failure,
and pregnancy toxaemia. Two widely used diuretibggzides and the high ceiling loop
diuretic as furosemide, have been associated witturaber of adverse effects, such as,
electrolyte imbalance, metabolic alkalosis, hypeamia, hypomagnesaemia, metabolic
alterations, development of new-onset diabetes, ativation of the rennin—angiotensin—
neuroendocrine systems. (Lahleual.,2007; Kateekt al.,2014). Hence, there is a need for
new diuretics with lower potential for adverse effe such as the plant-based substances

which are considered to be relatively safe.

In the present study, the diuretic effect of oratyministered methanolic extract Gf
azarolus, M. communis and O. glandulosuwas evaluated in normal rats after one oral dose
for 5 hours. The pharmacological response was aoedpwith that produced by control
group. The effect on electrolyte balance was akterchined. The mechanism of action by
which diuresis was induced by these plant extra@s also assessed by comparing their
effect with that of furosemide, a high-ceiling lodretic, which is widely used in clinical

practice
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6.1. Effect of plant extracts on urinary output inrats

The results of diuretic assay are summarized ilel& The volume of urine excreted
by rats in 5 h for control group treated with nofsaine (5 ml/Kg) was compared with other
groups. Furosemide (20 mg/Kg) was used as starilaretic, which increased urine volume

significantly by 297.02% (p < 0.001), when conguhto the saline treated control group.

The results demonstrated that bdEhazarolusandO.glansulosunextracts showed an
interesting dose-dependent diuretic activity. Administration doses of 100, 300 and 600
mg/kg of ME from C. azarolus the urinary output of the experimental groups was
remarkably higher than that of the control group.(3%; p <0.05, 201.11%; p <0.0land

262,45 %; p <0.001, respectively ).

Also, the three doses of ME ®&f.communis (100, 300 and 600 mg/kg) produced a
slight increase in urine excretion (3.11%, 42% 4888 %, respectively), but did not arrive
at statistical significance in 5 h. Therefore, weygest that this extract does not exhibit

diuretic activity.

ME of O. glandulosumat doses of 100 and 300 mg/kg did not signifigaimcrease
the urine output (15.98% and 37.54%, respectiveowever, the dose of 600 mg/kg
contributed to remarkable urine excretion (76.95&th statistical significance (p <0.01)

when compared to control group.
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Table. 3: Effects of ME ofC. azarolus, M. communisandO. glandulosum normal saline and

furosemide on urine output, pH and electrolytesretion in rats.

Experimental | Volume(ml pH Urine electrolytes level(mmol/l) Na'/K*
group/dose [rat) Na® K* cr

Control 2.69+0.25 6.41+0.36 64.8+5.47 51.50+2.17 66.2044.6 1.27+0.13
(5ml/kg)

C.azarolus 5.05+0.71* 5.58+0.08 89.6+2.22 48.28+1.86 79.60+3.93 1.86+0.09
(200mg/ml) *x *x
C.azarolus 8.1+1.51** 5.92+0.12 113.2+18.8 44.53+0.51 86+6.09* 2.54+0.39
(300mg/kg) *x *x

C.azarolus 9.57+0.60 7.60+0.30 1405+ 106.5 456.7+65.91 4011+466.1 3.47+0.43

(600 mg/kg) **k% *k% *k% **k% *%
M.communis 2.77+£0.80  6.09+0.20 63.20+5.61 54.54+4.68 85.0032.0 1.15+0.08
(100mg/kg)

M.communis 3.8240.69 5.97+0.14 73.40+2.97 64.68+£1.43* 76.75+1.31 1.12 +0.05
(300mg/kg)

M.communis 3.85+0.55 7.47+0.32  76.80+6.58 66.83+2.25* 72.88%% 1.14+0.13
(600mg/kg)

O.glandulosum 3.12+0.18 6.17+0.25 77.25+0.62 58.22+4.31 58.80+5.40 1.35+0.07
(100mg/kg)

O.glandulosum 3.70+0.37  6.02+0.08  84.40+1.50 52.88%2.29 80.80+7.46 1.61+0.08
(300mg/kg) *x

O.glandulosum 4.76+0.64* 6.386+0.21 92.00+3.82 35,54+ 2.25 155.6+22.80 2.64+0.24

(600mg/kg) Kok dokok Kk Kok
Furosemide 10.67+0.89 5.67+0.05 116.6+12.1 46.63+2.08 645.4+94.43 2.72+0.34
( 20mg/kg) Kokk Hok Kokk Kok

The values are mean + SEM of five determinatiorgalBes are compared with control group as * p<

0.05, **p< 0.01, ***p< 0.001 .

6.2. Effect of plant extracts on urinary electrolye excretion and urinary pH

The results demonstrated that each plant extrase do had a different effect on
electrolytes excretion (Table. 3). Furosemide iaseel N& and Clexcretion (79.93%:; p
<0.01 and 847.92%; p <0.001, respectively ) butthat of K': actually there was a small

decrease in urinary concentration 6f €9.45% ) when compared to control group.
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ME of C.azarolusdoses (100, 300 and 600 mg/kg) significantly éased Na
excretion (38.27 %; , p <0.01, 74.69% ; p <Ga@dtl 2068.51% ; p <0.001 ) and only the
doses; 300 and 600 mg/kg were found to increigsdisantly CI excretion (29%; p <0.05
and 5342.29 %; p <0.001). Also, ME ©fazarolusat doses of 100 and 300 mg/kg
decreased Kexcretion (6.26 % and -13.53% ), but this deceredisl not reach statistical
significance; however, 600 mg/kg dose increasgghifcantly the kaliuresis when
compared to control group (786.79 %; p <0.00limil&rly, this dose caused more urinary

Na’, K" and Clexcretion than the standard diuretic; furosemipge<Q.001).

Administration of ME ofM. communisat doses of 300 and 600 mg/kg increased
slightly natriuresis  (13.27% and 18.51%), wher#@8 mg/kg dose decreased urinary Na
excretionby -2.46% compared to control group. Moreover, ttivee doses (100, 300 and 600
mg/kg) caused an increase in” &kcretion (32.93%, 22.05% and 28.39% ) , butlicades,
they still had statistically no significant difence when compared to control group. The
doses (300 and 600 mg/kg) increased * eKcretion (25.59% and 29.76%, respectively;

<0.05) without alteration of the N&* ratio.

The N4 excretion was increased remarkably ( p <0.01hey300 and 600 mg/kg doses
of ME of O.glandulosun{30.24 % and 41.97 %, respectively), which wasgreament with
the urine output. A 600 mg/kg dose produced a quooed decrease in*Kexcretion

(30.99%; p <0.001) and strong increase IN(135.04 %; P<0.01).

The ratio N&¥K" determines the natriuretic activity and value éauagreater than 2
indicates favourable natriuretic effect (Jabeen Asthm, 2013). The N&K™ ratio of all

treated groups was calculated in the range of 4nt23.47.
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Among all administered doses, the doses of ,13D and 600 mg/kg &. azarolus
and the dose of 600 mg/kg ©Of glandulosumincreased significantly ( p <0.01 ) the
Na'/K" ratios, which were similar to that of referenciiretic; furosemide which had Ri&*

ratio of 2.72+0.34.

Concerning urinary pH, a weak acidification nmnary pH profile was observed after
5 h duration following treatement with furosemiled different doses of ME of selected
plants except for 600 mg/kg dose@fazarolusandM. communisvhich had pH values of
7.60 £ 0.30 and 7.47 + 0.32, respectively , bueythwere too weak to reach statistical

significance compared to control group which hadvaltie of 6.41.

In the present study, ME ofC. azarolusandO. glandulosum each, showed significant
diuresis in rats after a single dose for 5 h whemmgared with the reference diuretic drug,
furosemide (20 mg/kg). While, the different resultgained on electrolytic excretion by both
extracts suggest a difference in their comparadiveetic profile. As result, all evidences in
this work  corroborate the ethnopharmacological liegfpon of C.azarolus and
O.glandulosumand may lay the foundation for the use of thes® plant species in folk
medicine as diuretic agents. In our study, theddiar activity of ME ofC. azarolus M.

communisandO. glandulosumwas reported for the first time .

ConcerningC. azarolusour result is consistent with the finding of zBye et al.,
(2011) who reported that intravenous infusiomasfngle dose of procyanidine isolated from
related specie€C. monogyng50 mg/kg i.v), an Iraqi endogenous plant, predlmarked
diuretic and natriuretic effects without any sigraht actions on the potassium excretion in

the rats.
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Also, diuretic effect ofO.glandulosurobtained in this study, is in agreement with
other previous studies reported by Khatnal (2011) who stated that crude extract of
O.vulgare from Pakistan increased significanihy<(0.05) the urine output in Wistar rats at

the dose of 10 mg/kg, while there was no effech sedlower (3 mg/kg) or higher dose (30

mg/kg).

Diuresis has two components: increase in urinemnel(water excretion) and a net loss
of solutes in the urine. These processes resutt foppression of renal tubular reabsorption
of water and electrolytes into the blood streame Téference drug, furosemide, increases
urine output and urinary excretion of sodium byiliting Na'/K*/2CI" symporter (co-
transporter system) in the thick ascending limbthef loop of Henley, while the thiazide
diuretics inhibit the N&CI~ symporter (co-transporter system) in the distavotuted tubule,
by competing for the Clbinding site, and increasing the excretion of Niad CT( Mekonnen
et al.,, 2010; Bhavin et al.,, 2011; Gasparotto Juniat al, 2012). In this study, the
mechanism of the diuretic action of MEazarolusand O.glandulosunwas investigated by

its comparison with the effects of furosemide, tbierence drug.

In accordance to the finding of Lahletial. (2007) and Gasparotto Junigtral. (2009),
the current results have shown that furosemid® (mg/kg, p.o.) increases the volume of

urine and excretion of sodium and chloride butthat of K'.

Although the thiazide diuretics, like hydrochloriatnide, increase only the urinary
K*and N& levels (Jalalpure and Gadje, 2011), the administraME of C.azarolus
increased urinary Klevels along with urinary Naand Cllevels. Further, the urine was
slightly acidified and N&K™ ration was altered. These features strongly ssigat ME
appears to have several active components, wldaat one having a furosemide-like activity
and the other a thiazide-like activity. Hydrochltmazide has been reported to increase the
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urinary excretion of both Naand K by 50-60% over controls after a single oral dose i

normal rats (Benjumeaeet al.,2005; Lahlowet al.,2007).

Also, the current results have shown that ME fronglandulosum had furosemide-
like effect, and the higher dose of 600 mg/kgdoiced electrolyte and water excretion
profile qualitatively similar to that of furosen@dalbeit at a lower potency, due to the crude
nature of the extract. Furthermore, at the same,dd& decreased significantly’ excretion
with alteration of N4K* ratio. Based on this pattern of excretion ofawand electrolytes,
it appears that there are at least two types @eagirincipals present in ME, one having a
frusemide-like activity and the other as potassigparing diuretic. However, further
systematic phytochemical studies are necessaryutiidate the probable structure activity

relationship of biomolecules.

Previous studies demonstrated that several segpmdetabolites of plants could be
responsible for the diuretic effects, such as alklal tannins, flavonoids, saponins, terpenoids
or organic acids (Jabeen and Aslam, 2013). Thusngllt and flavonoids compounds
detected irC. azarolusandO. glandulosummay be considered as responsible for this effect

because of their high phenolic contents.

The contribution and responsibility of flavonoidadacaffeic acid derivatives to
diuretic properties have been reported previoushafat et al.,2008). Therefore, it is worth
noting that both flavonoids and caffeic acid detiwes presented in this two extracts may
account for the prominent effect of the ME ovee tHiuresis parameters and these

components may act synergistically.

Several isoflavonoids, including genistein and daid, have been reported to cause

inhibition of the N&-K*-2CI cotransporter, as well as an increase in natigissl kaluresis.
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Moreover, the flavonoid crisine has been showmtluce a significant increase in urine flow,

glomerular filtration and Naand K excretion.

Recently, it was reported that seven methoxyflaidsactively bound to adenosine
receptor Al, provoking antagonism and thereforeedils and sodium excretion (Montejano-
Rodri"guez et al., 2013). In the same way, isoquercitrin (0.5 — 4 kggl.v.) exhibited an
antihypertensive effect involving the inhibition tife angiotensin-converting enzyme and a
diuretic effect comparable with that of standardrelics (Gasparotto Juniet al., 2012). In
addition, chronic administration of quercetin hasen reported to inhibit ATPase activity in
rats, which impacts the N&* concentration gradient in epithelial cells of thephron

tubular segment (Alarcon-Alonset al.,2012).

In fact, there is an association between urinemeland N&concentration in the urine.
This is logical, considering that the action meétanof a great number of diuretics on the
market is by stimulation of regional blood flow imitial vasodilation through NO and I-
arginine stimulation (Alarcon-Alonscet al., 2012) , or by producing inhibition of tubular
reabsorption of water and anions, which inducesosssrof water and electrolytes out of the
organism, resulting in diuresidBpffil et al.,2006; Pateét al.,2009, Montejano-Rodri"guez
et al., 2013). Taken together, these findings supportpibiential of ME ofC.azarolusand
O.glandulosumas a candidate to be a phytomedicine used in tbasBovascular diseases

mainly hypertension where increased diuresis igelds

Although, ME ofM. communisis rich in phenolic and flavonoid contents (2BDmg
GAE/ g of Extract and 26.77 QE/g of Extract, retpely ) but did not significantly
increase the urine and urinary electrolytes outpuits spite of moderate increase of &t

dose of 600 mg/kg.
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It was reported by Nilvesext al. (1989) that the increase of urinary output in raight
result from high potassium content in the plaritaot. The diuretic effect may be due to this
potassium excess which acts individually or syiséically with natural products such as
flavonoids, saponins and organic acids. Thus, firidably  that the observed effecthdf
communismight be due to K present in considerable quantities in the plaitaet, which
exert their action on renal epithelium. The thetirgt the majority of the medicinal plants
have a diuretic effect only due to the presencihefpotassium seems somewhat doubtful. In
fact, pharmacodynamic studies performed on medigiaats emphasized that frequently no
correlation exists between the diuretic effect obse and the Kcontent of the extract (Sadki

et al.,2010).

Also, we hypothesize that the obtained result mightue to the weak bioavailability
of active constituents &fl. communis.It was reported that the oral dosing could affée
bioavailability and metabolism of compounds daeintestinal absorption and hepatic
transformation of the active components, which mmélyence their pharmacological effects
(Aissaouiet al., 2008; Valentoveet al., 2014 ). It is also well known that the vivo
bioavailability and biological activity of a compod depends not only on its mere solubility,
but also on the interphase partitioning. Lipomiyi and hydrophilicity controls protein and
membrane interactions, transport and binding dgtiinfluencing absorption and excretion of
the compound (Amir&t al., 2008; Valentoveaet al., 2014). Flavonoid glycosides with high
solubility and low permeability are commonly hydmoéd to their aglycones to produce
effectsin vivo. Thus, deglycosylation by small intestinal epiiletell B-glucosidases is a

critical step in the absorption and metabolisml@fdnoid glycosides (Xiacet al.,2014).
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Conclusion and perspectives

Medicinal plants typically contain mixtures of difent seconday metabolites that may act
individually, additively or in synergy to improveeélth and protecthe body against various
diseases, including cancer, cardiovascular, andodegenerative diseases. Such a therapy
prevents or minimizes the appearance of the siteetsefof drugs intake. For this reason,
natural products have received huge attentiondantyears, and there has been a worldwide
surge towards the identification and use of ptngcdapeutic principles from these medicinal
plants, which will be of a great contribution fadngymaceutical industry. The present study
was undertaken to valoriz€.azarolus M. communis and O. glandulosuextracts as

antioxidant, hypotensive and diuretic agents.

Phytochemical analysis of ethyl acetate extraainftbese selected plants revealed the
isolation of five compounds; two flavonoids weéselated fronC. azarolug(+) - catechin
and hyperoside), one flavonol glycoside was tsoldrom M.communig(myricetin -3-O-
rhamnoside), one flavanonol (katuranin), and om®noterpene (5-isopropyl-3-
methylphenol) were isolated fror®. glandulosum.The compound, (+) - catechin was
isolated for the first time fromC. azarolus and the compound; 5-isopropyl-3-methylphenol

was isolated for the first time from the ger@sganum.

Phenolic compounds are widely distributed in plaamsg have gained much attention
due to their antioxidant activities and free ratlgmavenging abilities. Results obtained in the
present study revealed that the level of these glltecompounds in various extracts of plants
were considerably higher in EAE than that in otleracts, whereas CHE oM.communis

andO.glandulosumand EAE ofC.azaroluscontained the higher amount of flavonoids. These
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findings could be due to different degree of pdjaof the solvents used for the extraction of

polyphenolic compounds, and to the nature of comgdsyoresent in these plant extracts.

A number of methods have been developed and apfidiethe assessment of the
antioxidant capacity. However, evaluation of antiext potentials of plant products or
antioxidant compounds cannot be carried out acelyrdiy any single universal method.
Thus, we applied several antioxidant assays thaildvprovide a better insight into the true
antioxidant potential of the extracts. In our stuilye extracts of selected plants seem to be of
real and potential interest due to their huge agtlant activities which were establishied

vitro as well asn vivo.

It can be noted that different extracts froth azarolus, M. communignd O.
glandulosumexhibited different, but effective degreesinfvitro antioxidant activity using
different methods. Among all extracts, ethyl ace&tract was shown to possess significant
radical scavenging activity against DPPH, ABTS, roygl radicals and reducing power,
evidencing its ability of having extracted a comsable amount of polyphenols and
flavonoids with specific structure with many hydybgroups.Remaining extracts (ME, CHE
and AqQE) can’'t be considered to be inferiors beeaseisfactory phenolic contents were

obtained in this study and enough to show highoaittant activity.

Concerning the metal chelating activity, AQE and ¥t&m the three studied plants
showed better activity, while the lowest chelateftects on ferrous ions were showed for
CHE and EAE which had the highest phenolic cont€éhese obtained data were confirmed
by low correlation between phenolics content ancklating activity, suggesting that
polyphenols might not be the main ion chelatorstbe chelating activity could be due to

different qualitative and quantitative composition§ phenolic constituents. It is very
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important to evaluate the molecular mechanism$efradical-scavenging activities of polar

extracts for better understanding of the mode tbac

Lipid peroxidation is a marker of oxidative damag® membranes, producing
derivatives such malonaldehyde that can be usebiamsarker to quantify the amount of
damage in the cell. We therefore tested the ahwlity different plant extracts to inhibit lipid
peroxidation by three methodp-¢arotene bleaching test, FTC method and TBA mgthod
The results showed that all plant extracts inhibitieid peroxidation, but apolar extracts
(CHE and EAE ) were found to be more effectiiean the polar extracts(ME and AqE) in

the three tested methods.

To confirm the antioxidant potential of the metbkm extract of C. azarolus M.
communisand O. glandulosumin vivo antioxidant properties were investigated. The tesul
showed that the oral administration of methanakicaet of the three selected plants for 14
days at a daily dose of 100 and 200 mg/kg body hteigsulted in an increase in the total
plasma antioxidant capacity. It was found that Hd@ 200 mg/kg doses of ME from
C.azarolusand 200 mg/kg dose of ME fronD.glandulosumncreased significantly total
plasma antioxidant capacity using DPPH radical soging test. Also, all extracts doses
showed a good reducing power, but the highectrele donation capacity was noticed for

C. azarolusandO. glandulosunat the dose of 200 mg/kg.

Furthermore, the administration of different extsashowed an improvement of
antioxidant status in tissues (liver and kidneyk)olr might help to better cope with oxidative
stress related diseases such hypertension. Butastfound thatC. azarolus extract was
more effective in increasing the catalase actidhd GSH level, and decreasing lipid

peroxidation by lowering MDA level. These differ&scbetween thein vivo antioxidant
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activity of plants could be due to their intringiotioxidant potential but the bioavailability of

the polyphenols present in each extract could & ialvolved.

In this study, the hypotensive effect of methanadl &thyl acetate extracts frof.
azarolus M. communis and O. glandulosuteaves was reported for the first time, providing
a rational basis to understand the use of thesetsplim hypotensive treatment in folk
medicine. It was found that the intravenous adrmai®n of ME and EAE at the range
doses of 0.04 to 12 mg/kg body weight induceldse-dependent and transitory decrease
in mean arterial blood pressure in anesthetiaésl EAE showed a significant hypotensive
effect than ME and this is most possibly due tdiggh total contents of phenolic compounds

and flavonoids.

Several plants used for the treatment of hyperenisave shown diuretic activity when
tested on animal models. The present study evaluhat diuretic effect ofC.azarolusand
O.glandulosum for the first time. Both plant extracts enhanckd tirine output and the
electrolytes excretion of sodium and chloride. Tinmsling may explain the blood pressure
lowering effect of these two plants which, at lemspart, may be mediated through their
diuretic activities. Further studies are recommentte find out the involvement of other

possible mechanisms in their blood pressure lowgeaativity.

M.communigdid not alter the urine output and this may be authe low administred
doses which may be higher than 600 mg/kg or magiuse to the biological properties of
polyphenols which are greatly dependent on theamilability. Although flavonoids display
a potent antioxidant activityn vitro, the bioactive forms of flavonoida vivo are not those
forms found in plants due to their extensive biasfarmation in the small intestine and

hepatic metabolism on absorption.
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In conclusion, the key research areas to be camglde future in relation to the present study

include:

Investigation of the cellular and molecular meckars through which plant extracts

act in arterial hypertension and diuresis.

» Isolatation and identification of more activenstituent (s) responsible for the high
observed antioxidant and pharmacological acésiti

« The use of these extracts as food additives repte®ne of our future aims.

» Studying the toxicity of the selected plants.

* Investigatingn vivo effect of plant extracts on oxidative stress cetlihypertension,
such as angiotensin I[l-mediated hypertension, att oxide synthase inhibitor—
induced hypertension to further confirm the advgetas quality of these plant
extracts to treat hypertension.

» Other in vivokinds of antioxidant assays are needed to evalyéadeperoxidation and

the antioxydant enzymes levels in plasma and aorta

164



References

References

Abdalla S, Abu Zarga M, Sabri S.1994. Effects of flavone luteolin, isolated fr@wlchicum ritchij
on guinea pig smooth muscle and heart and on hpoessure and blood flolRhytother Res3(5):
265-270.

Abdul Ghani A, Amin R, Suleiman M.1987. Hypotensive effect dfrataegus oxyacanthdnt J
Crude Drug Res25: 216-220.

Abdul Kareem M, Krushna G S, Hussain S A, Devi K L.2009. Effect of aqueous extract of nutmeg
on hyperglycaemia, hyperlipidaemia and cardiacologly associated with isoproterenol-induced
myocardial infarction in ratsrop J Pharm Re$(4):337-44.

Abou Zid S and Mohamed L.2011. Survey on medicinal plants and spices usdgeni-Sueif]
Ethnobiol Ethnomed’: 18-23.

Aburjai T, Hudaib M, Tayyema T, Yousef M, Qishawi M. 2007. Ethnopharmacological survey of
medicinal herbs in Jordan, the Ajloun heights ragio Ethnopharmacdl,10:294-304.

Adedapo A A, Jimoh F O, Afolayan A J, Masika PJ.2008. Antibacterial and antioxidant
properties of the methanol extracts of the leaves siems ofCalpurnia aurea BMC Complement
Alter Med8: 53-58.

Aidi Wannes W, Mhamdi B, Sriti J, Ben Jemia M, Ouchkh O, Hamdaoui G, Kchouk M E.
2010. Antioxidant activities of the essential @tsd methanol extracts from myrtlglyrtus communis
var. italica L.) leaf, stem and flowdfood Chem Toxico$8(5):1362-70.

Aissaoui A, Jaouad E, Zafar H |, Badia L.2008. Acute diuretic effect of continuous intrages
infusion of an aqueous extract@briandrum sativuni.. in anesthetized ratd.Ethnopharmacoll15:
89-95.

Akhlaghi M and Bandy B. 2009. Mechanisms of flavonoid protection againgboardial ischemia—
reperfusion injuryd Mol Cell Cardiol46: 309-317.

Akila M and Devaraj H. 2008. Synergistic effect of tincture GrataegusandMangifera indicaL.
extract on hyperlipidemic and antioxidant statuatimerogenic rat§asc Pharmacol9: 173-177.

Akilavalli N, Radhika J, Brindha P.2011 Hepatoprotective activity ddcimum sancturiinn. against
lead induced toxicity in albino rat#Asian J Pharm Clin Reg, (2): 84-87.

Aktumsek A, Zengin G, Guler J O, Cakmak Y C, Duan A. 2013. Antioxidant potentials and
anticholinesterase activities of methanolic andeags extracts of three endenfBentaureal.
speciesFood Chem Toxicoh5: 290-296.

Alarcén-Alonso J, Zamilpa A, Alarcon Aguilar F, Herrera-Ruiz M, Tortoriello J, Jimenez-
Ferrer E. 2012. Pharmacological characterization of theediareffect ofHibiscus sabdariffaLinn
(Malvaceae) extracd. Ethnopharmacoll39: 751— 756.

Albano S A and Miguel M G2011. Biological activities of extracts of plant®gn in Portugalnd
Crops Prod33: 338-343.

165



References

Aleksic V and Knezevic PR2013.Antimicrobial and antioxidative activity oftexcts and essential
oils of Myrtus communi&. Microbiol Res168(6): 311-332.

Al-Hallag E K, Afifi F U, Abdalla S S. 2012. Evaluation of the hypocholesterolemic effauad
phytochemical screening of the hydroethanolicaettof Crataegus aronidrom Jordan. Nat prod
commun,(1):35-38.

Almeida EL S, Filho V C, Niero RV, ClasenB K, Balogun S O, Domingos, Martins D T.
2011. Pharmacological mechanisms underlying thieudcer activity of methanol extract and canthin-
6-one ofSimaba ferrugine#. St-Hil.in animal models] Ethnopharmacol134: 630—636.

Al-Waili N S D. 1988.Artemisia herba-alba\sso for elevated blood pressure and heart kégel Sci
Res,16: 889.

Al-Zohyri A M, Al-Jeboory AA, Jawad ALM. 1985. Cardiovascular and antimicrobial effect of
Myrtus communidndian J Pharmacol, 7(4):233-235.

Amanullah M, Zaman G S, Rahman G L, Rahman $.2012. Lipid peroxidation and the levels
of antioxidant enzymes in hypertensiéinee Radic Antiox2(2):12-18.

Amensour M, Sendra E, Abrini J, Bouhdid S, Pérez-Nvarez JA, Fernandez- Lopez J2009.
Total phenolic content and antioxidant activity mofyrtle (Myrtus communjs extracts.Nat Prod
Commun4 (6), 819-824.

Amira S, Rotondo A, Mulé F. 2008Relaxant effects of flavonoids on the mouse isdga&tomach:
Structure-activity relationship&ur J Pharmacol599: 126-130.

Apostolou A, Stagos D, Galitsiou E, Spyrou A, #&toutounian S, Portesis N, Trizoglou |,
Hayes A W, Tsatsakis A M, Kouretas [2013. Assessment of polyphenolic content, antiodida
activity, protection against ROS-induced DNA damage anticancer activity dfitis vinifera stem
extractsFood Chem Toxicob1:106-111.

Aquel M and Hadidi M. 1991. Direct relaxant effect #feganum harmalaeed extract on smooth
muscles of rabbit and guinea pigt J Pharmacogn?29: 176-182.

Aquil A, Mohd M H, Usha S, Najmul I. 2013. Comparative study of marker of oxidative sgre
among normotensive, pre-hypertensive and hypexessibjectsBiomed Res24 (4): 493-497.

Arafat O M, Tham SY, Sadikun A, Zhari I, Haughton PG, Asmawi MZ. 2008. Studies on
diuretic and hypouricemic effects orthosiphon stamineusmethanol extracts in rafs.
Ethnopharmacol,18: 354-360.

Araujo A, M. Saraiva ~ L, Lima J. 2008.Determination of total and oxidized glutati@dn human
whole blood with a sequential injection analysisteyn.Talantg 74: 1511-1519.

Ardestani A and Yazdanparast R.2007. Antioxidant and free radical scavenging ptiad of
Achillea santolinaextractsFood Chem104: 21-29.

Artizzu N, Bonsignore L, Cottiglia F, Loy G. 1996. Studies on the diuretic and antimicrobial
activity of Cynodon dactyloessential oiFitoterapia,67: 174-176.

Arya V and Thakur N. 2012. Standardisation of Hawthorn fruiten Eurasian J Scv (1): 16-22.

166



References

Asgarpanah J, Motamed SM, Farzaneh A, GhanizadeB , Tomraee SAntioxidant activity and
total phenolic and flavonoid content 8ktragalus squarrosuBunge.African J Biotechnol,0(82):
19176-19180.

Asgary S, Naderi G H, Sadeghi M, Kelishadi R, AmirM. 2004. Antihypertensive effect of Iranian
Crataegus curvisepalla.: a randomized, double-blind studyrugs Exp Clin Res30(5-6): 221-225.

Aslan A, Gillice M , Sékmen M, Adigiizel A, SahinF, and Ozkan H.2006. Antioxidant and
antimicrobial properties of licher@ladonia foliaceaDermatocarpon miniatuprEverinia divaricata
Everinia prunastriandNeofuscella pullaPharm Biol,44: 247- 252.

Athiroh N, Permatasari N, Sargowo D, WidodoM A. 2014. Antioxidative and blood pressure
lowering effects ofScurrula atropurpureaon deoxycorticosterone acetate-salt hypertensas. r
Biomarkers and Genomic Medicir&,32-36.

Avila-Nava A, Calderén-Oliver M, Medina-Campos ON, Zou T, Gu L,Torres N, Tovar A R,
Pedraza-Chaverri J2014. Extract of cactusOpuntiaficus indica cladodes scavenges reactive
oxygen speciem vitro and enhances plasma antioxidant capacity in hunjarianct foods10: 13—
24.

Baba Aissa F.1999. Encyclopédie des plantes utiles, flore ®Aky et du Maghreb. Librairie
moderne-Rouiba, pp. 194-231.

Baghiani A, Ameni D, Boumerfeg S, Adjadj M, Djarmouni M, Charef N, Khennouf S, Arrar
L.2012. Studies of antioxidants and xanthine oxidak#itory potentials of root and aerial parts of
medicinal planCapparis Spinoséd. Am J Med Medical Sc?(1): 25-32.

Bahorun T, Gressier B, Trotin F, Brunete C, DineT, Vasseur J, Luyckx M,Cazin M, Pinkas
M. 1996 . Oxygen species scavenging activity of phemxtract from Hawthorn fresh plant organs
and pharmaceutical preparatioAszneim Forsch/Drug Re46: 1086-1089.

Bahri-Sahloul R , Ammar S, Fredj R B, Saghem S, f(&c S, Trotin F,Shhiri F H. 2009.
Polyphenol contents and antioxidant activities xifacts from flowers of tw&rataegus azaroluk.
varieties.Pakistan J biol s¢il2 (9): 660-666.

Bakkali F, Averbeck S, Averbeck D, Idaomar M2008. Biological effects of essential oils: a revie
Food Chem Toxicol6: 446—-475.

Barboni T, Venturini N, Paolini J, Desjobert J M, Chiaramonti N, Costa J.
2010.Characterisation of volatiles and polypherfols quality assessment of alcoholic beverages
prepared from Corsican Myrtus communis berremd, 122:1304-1312.

Baser K H C. 2002.The TurkistDriganumspecies.Oregano, the Gen€@eaganumandLippia, Ed.,
Kintzios SE, London and New York, Taylor and Frangip.109-126.

Bastos A S, Loureiro A P, Franco de Oliveira T,Corbi S C T,Caminaga R M C, Rossa
Janior C, Orrico S .2012. Quantitation of malondialdehyde in gingived\écular fluid by a high-
performance liquid chromatography-based methaodl Biochem(423): 141-146.

Beaux D, Fleurentin J, Mortier F. 1997. Diuretic action of hydroalcohol extractskafeniculum
vulgarevar.dulce(D.C.) roots in ratsPhytother Resl1: 320-322.

Bedard K and Krause K H.2007. The NOX family of ROS-generating NADPH o>sda:
Physiology and pathophysiologyhysiol Rev87: 245-313.

167



References

Bejaoui A, Boulila A, Boussaid M.2013. Chemical composition and biological actistiof
essential oils and solvent extracts @figanum vulgaresubsp.glandulosumDesf. from TunisiaJ
Med Plants Reg[(32): 2429-2435.

Bekhechi C, Atik-Bekkara F and Abdelouahid DE2008. Composition et activité antibactérienne
des huiles essentielles@tiganum glandulosurd’Algérie. Phytothérapieg:153—159.

Belhattab R, Larous L, Figueiredo A C, Santos P A5, Barroso J G, Pedro L G.2005.0riganum
glandulosumDesf. grown wild in Algeria: Essential oil compasit and glycosidic bound volatiles.
Flav Fragr J,20: 209-212.

Belkhir M, Rebai O, Dhaouadi K, Congiu F, TuberosoC | G, Amri M, Fattouch S. 2013.
Comparative analysis of Tunisian wilttataegus azarolugyellow azarole) an€rataegus monogyna
(red azarole) leaf, and traditionally derived syrppenolic profiles and antioxidant and antimictdbi
activities of the aqueous —acetone extradtdgr Food cher6]1(41):9594-601.

Belmokhtar M, Bouanani N, Ziyyat A, Mekhfi H, Bnouham M, Aziz M, Mateo P,
Fischmeister R, Legssyer £014. Antihypertensive and endothelium-dependesbditator effects
of aqueous extract @istus ladaniferu&€ur J Med Cheng4: 206-239.

Ben Farhat M, Landoulsia A, Chaouch H, Sotomayord A, Jordanc M J.2013. Phytochemical
composition andn vitro antioxidant activity of by-products @alvia verbenac&. growing wild in
different habitatsind Crops Prod49: 373— 379.

Bendahou M, Muselli A, Grignon-Dubois M, BenyoucefM, Desjobert J M, Bernardini A F,
Costa J2008. Antimicrobial activity and chemical compositi of Origanum glandulosunbestf.
essential oil and extract obtained by microwaveaetion: Comparison with hydrodistillatiofrood
Chem,106: 132—-139.

Benhammou N, Atik Bekkara F, PanovskaT K.2009. Antioxidant activity of methanolic extracts
and some bioactive compoundsAdfiplex halimusC. R. Chimiel2: 1259-1266.

Benjumea D, Abdala S, Hernandez-Luis F, P erez-PaP, Martin-Herrera D. 2005. Diuretic
activity of Artemisia thusculaan endemic canary speciésEthnopharmacoll00: 205—-209.

Benmohammed K, Nguyenb M T, Khensal S, ValendpP, Lezzar A2011. Arterial hypertension
in overweight and obese Algerian adolescents: Rblabdominal adiposityDiabetes Metab37:
291-297.

Bernabé J, Mulero J, Cerd4d B, Garcia-Viguera C, Meeno D A, Parra S, Avilés F, Gil-
Izquierdo A, Abellan J, Zafrilla P. 2013. Effects ofCitrus based juice on biomarkers of oxidative
stress in metabolic syndrome patiedts FuncFoods5: 1031-1038.

Bernatoniene J, Masteikova R, Majiene D, Savickas ,AKevelaitis E, Bernatoniene R,
Dvorackova K, Civinskiene G, Lekas R, Vitkevicius K Peciura R.2008. Free radical-scavenging
activities ofCrataegus monogynextractsMedicina- Lithuania44 (9):706-712.

Bhavin V A, Ruchi V B, Shrikant JV, Payal SD , Santani Dev D2011.Effect of aqueous
extract ofPergularia daemian urine productiorDer Pharmacia Lettre3 (4)207-214.

Bilanda D C, Dimo T, Djomeni P D D, Bella N M T, Aboubakar O B F, Nguelefack T B, Tan
P V, Kamtchouing P V. 2010.Antihypertensive and antioxidant effectsAdiinblackia floribunda
Oliv.(Clusiaceae) aqueous extract in alcohol- andcrase-induced hypertensive ratsl
Ethnopharmacol,28: 634—-640.

168



References

Bilto Y Y, Suboh S, Aburjai T, Abdalla S2012.Structure-activity relationships regarding the
antioxidant effects of the flavonoids on human lergtytesNat Sci,9: 740-747.

Birben E, Sahiner U M, Sackesen C, Erzurum S, Kalagi O. 2012. Oxidative stress and antioxidant
defenseWorld Allergy Organization Journag-12.

Birman H, Dar K H, Aysegul K, Olgac V, Gurel E 2011. Effects oCrataegus tanacetifoliaand
hyperoside on salivary gland and kidney tissue @atdtion to nitric oxide (NO) in experimental
hypertensive ratdNobel Medicus7 (1): 17-22.

Boaventura B C B, Di Pietro P F, Klein G A, Stefauto A, de Morais E C, de Andrade F,
Wazlawik E, Da Silva E L.2013. Antioxidant potential of mate tdéek paraguariensisin type 2
diabetic mellitus and prediabetic individualsFunc Foods5: 1057-1064.

Boffl M, Lorenzo G, Monteagudo E, Sueiro M and Mados J. 2006. Diuretic activity of five
medicinal plants used popularly in CuParmacologyonline3:435-441.

Bonarska-Kujawa D, Pruchnik H, Oszmian” ski J, Saapuk J, Kleszczyn” ska H2011. Changes
caused by fruit extracts in the lipid phase of &gotal and model membrand=od Biophys6: 58—
67.

Bors W, Michel C, Stettmaier K. 2001.Structure—activity relationships governingi@adant
capacities of plant polyphenoldethods Enzymo835:166—180.

Bose S, Maji S, Chakraborty P.2011. Comparative study d@f vitro andin vivo antioxidant
property of differentxora speciesJ Adv Pharm Educ Re2; 90-103.

Bouaziz A, Khennouf S, Bentahar A, Djidel S, AmiraS. 2012. Phytotherapy of hypertension in
Setif region (Eastern algeria). Proceedings bodile Jecond African congress on biology and health,
Setif. Algeria.pp. 39-42.

Bouaziz A, Khennouf S, Abdalla S, Djidel S, Abuzarga M, Bentahar A, Dahamna S,
Baghiani A, Amira S. 2014. Phytochemical analysis, antioxidant actiahd hypotensive effect of
Algerian azarolgCrataegus azaroluk.) Leaves extractRes J Pharm Biol Chem S&(2): 286-305.

Bouaziz A, khennouf S, Abu zarga M, Abdalla SBaghiani A, Charef N.2015. Phytochemical
analysis, hypotensive effect and antioxidant priger of Myrtus communisL. growing in
AlgeriaAsian Pac J Trop Biomeds(1):19-28.

Boudjelal A, Henchiri C, Sari M, Sarri D, Hendel N, Benkhaled A, Ruberto G.2013.
Herbalists and wild medicinal plants in M'Sila (Wor Algeria): An ethnopharmacology survely.
Ethnopharmacol 48 : 395-4022.

Bouzabata A, Castola V, Bighelli A, Lahouari A, Casanova J, Tomi F2013 a. Chemical
Variability of AlgerianMyrtus communi&. Chem Biodiy10 :129-137

Bouzabata A. 2013 b.Traditional treatment of high blood pressand diabetes in Souk Ahras
District. J Pharmacogn Phytothér,12—20.

Bozin B, Mimica-Dukic N, Simin N, Anackov G.2006.Characterization of the volatile composition
of essential oils of some lamiaceae spices andrtimicrobial and antioxidant activities of the iest
oils.J Agr Food Chenb4:1822-1828.

Brand-Williams W, Cuvelier M, Berset C.1995.Use of a free radical method to evaluateziaant
activity. LWT-Food Sci Technadt8: 25-30.

169



References

Briones A M and Touyz R M.2010. Oxidative stress and hypertension: currenceptsCurr
Hypertens Ref,2: 135-142.

Brixius K, Willms S, Napp A, Tossios P, Ladage D, Bch W Mehlhorn U, Schwinger RH. 20086.
Crataegusspecial extract WS 1442 induces an endotheliunewiggnt, NO-mediated vasorelaxation
via eNOS-phosphorylation at serine 11Zardiovasc Drugs TheR0:177-84.

Burits M, Bucar F. 2000. Antioxidant activity ofNigella sativaessential oil.Phytother Res,
14:323-328.

Cakilcioglu U, Khatun S, Turkoglu I, Hayta S2011.Ethnopharmacological survey of medicinal
plants in Maden (Elazig-Turkey).Ethnopharmacal37: 469—- 486.

Calderone V, Chericoni S, Matrtinelli C, Testai L, Nardi A, Morelli I, Breschi MC, Martinotti
E. 2004. Vasorelaxing effects of flavonoids: inveatign on the possible involvement of potassium
channels.Arch Pharmacol370: 290-298.

Cao G and Prior R L.2000. Postprandial increases in serum antioxicapécity in older women.
Appl Physiol 89:877-883.

Chang Q, Zuo Z, Chow M S SHo W K.2006. Effect of storage temperature on phenoliisilgty
in hawthorn Crataegus pinnatifida var. major) fruits and a hawthorn drink. Food
Chem,98 (3): 426-430.

Chen zZzY ,6Zhang Z S, Kwan KY, Zhu M, Ho WK, Huang Y. 1998. Endothelium-dependent
relaxation induced by hawthorn extract in rat mésénartery Life Scj 63(22): 1983—-1991.

Cherif S, Rahal N, Haouala M, Hizaoui B, DargouthF, Gueddiche M Kallel Z, Balansard G,
Boukef K. A. 1996. A clinical trial of a titrated Olea extraat the treatment of essential arterial
hypertension Pharm Belg51:69-71.

Chishti S, Kaloo Z A, Sultan P.2013. Medicinal importance of gen@iganum A review.J
pharmacogn phytothéx(10):170-177.

Chouhan H S and Singh S K2011.Phytochemical analysis, antioxidant and anfl&smmatory
activities ofPhyllanthus simplex] Ethnopharmacadl37: 1337— 1344.

Chung H S, Chang L C, Lee SK, Shamon L A, Van Breeen R B, Mehta RG, Farnsworth N R,
Pezzuto J M, Kinghorn AD. 1999. Flavonoid constituents @horizante diffusawith potential
cancer chemopreventive activity.Agr Food Chen%7(1) : 36—41.

Chung S, Park CW, Shin S J, Lim J H, Chung HW, YounDY. 2010. Tempol or candesartan
prevents high-fat diet-induced hypertension andalrelamage in spontaneously hypertensive rats.
Nephrol Dial Transplant25(2):389-399.

Chung YC, Chen S J, Hsu CK, Chang CT, Chou ST2005.Studies on the antioxidative activity
of Graptopetalum paraguayendgéood Chem91:419-424.

Clairborne A. 1985. Catalase activity.In handbook of method for oxygedical research. Green
world, R.A.ed: Boca Raton .Fla CRC press, pp.288-28

Corréa T A, Monteiro M P, Mendes T M, Oliveira D M, Rogero M M, Benites C I, Vinagre C
G, Mioto B M, Tarasoutchi D, Tuda V L, César L A, Torres E A. 2012. Medium light and

170



References

medium roast paper-filtered coffee increased aittaod capacity in healthy volunteers: Results of a
randomized trialPlant Foods Hum Nut67: 277-282.

Dai F, Chen WF, Zhou B. 2008. Antioxidant synergism of green tea polyphenaith alpha-
tocopherol and L-ascorbic acid in SDS micelBi®chimie,90 (10): 1499-1505.

Dapkevicius A, Venskutonis R, Van Beek TA, LinsserP H.1998. Antioxidant activity of extracts
obtained by different isolation procedures from eamomatic herbs grown in Lithuanih.Sci Food
Agr, 77:140-146.

Datla S R and Griendling K K. 2010. Reactive oxygen species, NADPH oxidases, and
hypertensionHypertens56: 325-330.

David J M, Cruz f G, Guedes M L S, Chavez J P1996. Flavonol glycosides fromavilla
flexuosaJ Braz Chem So@(2): 115-118.

Decker E A and Welch B1990. Role of ferritin as lipid oxidation catalyist muscle food.J Agr
Food Chem36: 674-677.

Deoghare S, Tandel K, Zala A, Malam P, Sharma ASolanki P.2014. Study of oxidative stress
parameters in hypertension and their correlatiah Wiood pressurdnt J Pharm Sci Rev Rez5(1):
114-117.

Desir GV .2012. Human renalase: a review of its biology, fiom; and implications for
hypertension”J Am Soc Hyperten87(8):829-33.

Dineel A S, Acikgoz S, Cevik C, Sengelen M, Yesilade. 2007. Effects ofin vivo antioxidant
enzyme activities of myrtle oil in normoglycemic camlloxan diabetic rabbits.Ethnopharmacol,
110(3):498-503.

Dizaye K. 2011. Antihyperuricemic and diuretic effects obgyanidins extracted fror@rataegus
monogynaZanco J of Med Sc87(8):829-833.

Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, tcker P, Vidal N. 2006. Antioxidant
activity of some Algerian medicinal plants extractsitaining phenolic compoundsood Chem97:
654-660.

Dong X, Liu Y, Yan J, Jiang C, Chen J, Wi T, Hu Y.2008. Identification of SVM based
classification model, synthesis and evaluationrehplated flavonoids as vasorelaxant ageBisorg
Med Chem16: 8151-8160.

Duh P D and Yen G C.1997. Antioxidative activity of three herbal wattracts Food Chemg0:
639-645.

Dundar E, Olgun EG, Isiksoya S, Kukcuoglu M, BaselKK H C, Bal C. 2008. The effects of intra-
rectal and intra-peritoneal application @figanum onited.. essential oil on 2, 4, 6 -Trinitrobenzene
sulfonic acid induced colitis in the réxp Toxicol Pathol59:399-408.

Herndndez-Hernandez E , Ponce-Alquicira E, Jaraifio-Flores M E, Guerrero Legarreta |.
2009. Antioxidant effect rosemaryr@¢smarinus officinalid..) and oreganoQriganum vulgareL.)
extracts on TBARS and colour of model raw porkdratiMeat Sci81: 410-417.

Ebrahimzadeh M A, Nabavi S F, Nabavi S M, EslamB, Asgarirad H. 2010.In vitro antioxidant
and free radical scavenging activity dfonurus cardiacasubsp Persicus, Grammosciadium
platycarpumandOnosma demawendicum. African J Biotechrifbl) :8865-8871.

171



References

El Bardai S, Lyoussi B, Wibo M, Morel N.2001. Pharmacological evidence of hypotensive igtiv
of Marrubium vulgare and Foeniculum vulgarein spontaneously hypertensive ratlin Exp
Hypertens23: 329-343.

El Tahir K E H, Ashour M M S, Al-Harbi M M. 1993. The cardiovascular actions of the volatile
oil of the black seedNigella sativd in rats: elucidation of the mechanism of actiGen Pharmacol,
24:1123-1131.

Elfellah MS, Akhter MH, Khan MT. 1984. Antihyperglycaemic effect of an extract Mfrtus
communign streptozotocin-induced diabetes in mit&thnopharmacoll1(3):275-281.

Elhajili M, Baddouri K, Elkabbaj S, Meiouat F, Settaf A. 2001. Diuretic activity of the flowers
infusion ofLavandula officinalisReprod Nutr Dev41: 393-399.

El-Hilaly J, Lyoussi B, Wibo M, Morel N. 2004. Vasorelaxant effect of the aqueous extract of
Ajuga ivain rat aortaJ Ethnopharmacol93:69-74.

Elks C M, Mariappan N, Haque M, Guggilam A, Majid D S, Francis J.2009. Chronic NF-
{kappa}B blockade reduces cytosolic and mitochosidaxidative stress and attenuates renal injury
and hypertension in SHRm J Physiol Renal Physid@96: 298-305.

Ellman G L. 1959.Tissue sulfhydryl groupArch biochem biophjs82: 70-77.

Elmastas M, Giilgin I, Isildak O, Kiifrevioglu O1, Ibaoglu K, Aboul-Enein HY. 2006. Radical
scavenging activity and antioxidant capacity of leaf extractsJ Iran Chem So0@&:258-266.

Esmaeili A, Rahnamoun S, Fariba Sharifnia. 2013. Effect of O/W process parameters on
Crataegus azaroluk nanocapsule properties. Nanobiotech]1:16-24.

Exarchou V, Godejohann M, Van Beek T, GerothanassiP, Vervoort J. 2003. LC-UV-Solid-
phase extraction-NMR-MS combined with a cryogenmwf probe and its application to the
identification of compounds present in Greek oregamal Chem75: 6288—6294.

Fadel O, El Kirat K, Morandat S. 2011.The natural antioxidant rosmarinic acid spontasgou
penetrates membranes to inhibit lipid peroxidatiositu. Biochim Biophys Acté808: 2973—-2980.

Feng L, Jia X, Zzhu M, Chen Y and Shi F2010 Antioxidant activities of total phenols of
Prunella vulgarisL. in vitro and in tumor-bearing Micédolecules 15: 9145-9156.

Ferreira | C F R, Baptista P, Vilas-Boas M, BarrosL. 2007. Free-radical scavenging capacity and
reducing power of wild edible mushrooms from noatstePortugal: Individual cap and stipe activity.
Food Chem100:1511-1516.

Ferroni P, Basili S, Paoletti V, Davi ¢ G2006. Endothelial dysfunction and oxidative striess
arterial hypertensioNutr Metab Cardiovasc Dig,6: 222-233.

Fraga CG, Galleano M, Verstraeten SV, Oteiza P 2010.Basic biochemical mechanisms behind
the health benefits of polyphenoldol Aspects Med31: 435-445.

Frankel E N and Meyer A S.2000. The Problems of using one-dimensional Mitho evaluate
multifunctional food and biological antioxidantd .Sci Food Ag80(13): 1925-1940.

172



References

Froehlicher T, Hennebelle T, Martin-Nizard F, deenewerck P, Hilbert J, Trotin F, Grec S.
2009. Phenolic profiles and antioxidative effects of Hla@rn cell suspensions, fresh fruits, and
medicinal dried partd=ood Chem115: 897-903.

Frombaum M, Le Clanche S, Bonnefont-Rousselot D, Bderie D. 2012. Antioxidant effects of
resveratrol and other stilbene derivativeson oxidastress and NO bioavailability: potential betsefi
to cardiovascular diseas&iochimie,94: 269-276.

Fujita M, Ando K, Nagae A, Fujita T. 2007. Sympathoexcitation by oxidative stress & hhain
mediates arterial pressure elevation in salt-sgaditypertensionHypertens50:360-367.

Gardeli C, Papageorgiou V, Mallouchos A, Theodosi K , Komaitis M.2008. Essential oil
composition ofPistacia lentiscud.. and Myrtus communid..: evaluation of antioxidant capacity of
methanolic extract$zood Chem107: 1120-1130.

Garjani A, Nazemiyeh H, Maleki N, Valizadeh H.2000. Effects of extracts from flowering tops of
Crataegus meyeri A. Pojadn ischaemic arrhythmias in anaesthetized Ritgtother Resl4: 428-
431.

Gasparotto Junior A, Boffo MA, Lourenco E L, Stefanello M E, Kassuya, C A, Marques M C.
2009Natriuretic and diuretic effects ofTropaeolum majus (Tropaeolaceae) in ratsJ
Ethnopharmacol122: 517-522.

Gasparotto Junior A, Prando TBL, Leme T, Gasparotto DS V, Lourenc F M, Rattmann E L B,
Da Silva-Santos Y D, Kassuya J E, Marques C A L2012. Mechanisms underlying the diuretic
effects of Tropaeolum majud. extracts and its main component isoquercitdin Ethnopharmacol,
141: 501-509.

Gilani A H, Khan A U, Shah A J, Connor J, JabeenQ. 2005. Blood pressure lowering effect of
olive is mediated through calcium channel block#ae] Food Sci Nutr56: 613-620.

Gladine C, Morand C, Rock E, Gruffat D, Bauchart D, Durand D. 2007.The antioxidative
effect of plant extracts rich in polyphenols diffdoetween liver and muscle tissues in ratsried
PUFA rich dietsAnim Feed Sci Techn&B9:257-272.

Gongalves S, Gomes S, Costa P, Roman@®13.The phenolic content and antioxidant actiaity
infusions from Mediterranean medicinal plahitd.Crops Prod}3: 465— 471.

Goneng A, Hacsevki A, Tavil Y, Cengel A, Torun M.2013. Oxidative stress in patients with
essential hypertension: A comparison of dippersrarddippersEur J Int Med 24: 139-144.

Gornall A, Charles G, Bardawill J, Maxima M D. 1949. Determination of serum proteins by means
of the biuret reactionl Biol Chem177: 751-766.

Govindan P and Muthukrishnan S. 2013. Evaluation of total phenolic content ancefradical
scavenging activity oBoerhavia erectd Acute Med ( 3): 103-1009.

Grande M T, Pascual G, Riolobos A S, Clemente-kenzo M, Bardaji B, Barreiro L,
Tornavaca O, Meseguer A, Lépez-Novoa J MO011. Increased oxidative stress, the renin—
angiotensin system, and sympathetic overactivatidace hypertension in kidney androgen-regulated
protein transgenic midéree Radic Biol Med51:1831-1841.

Grande M T, Pérez-Barriocanal F, Lopez-Novoa J M2013.Role of inflammation in tubulo-
interstitial damage associated to obstructive rapdthy.J Inflamm,22(7): 19.

173



References

Giilgin, T. 2006.Antioxidant and antiradical activities of raitine.Life Scj 78: 803-811.

Gu’lgin I, Huyut Z, Elmastas M, Aboul-Enein HY. 2010. Radical scavenging and antioxidant
activity of tannic acidirabian J Chem3: 43-53.

Gutiérreza Y P, Gutiérreza A P, Led6nb A R, Gartaa K C.2014. Role of oxidative stress in the
pathogenesis of hypertensi@or Salud6(2):181-192.

Guyenet PG.The sympathetic control of blood pressure. 200. Rev Neuroscy(5):335-346.

Guyton A C and Hall J E. 2006. Textbook of Medical Physiology. {14d). Elsevier Saunders. pp.
220.

Haloui M, Louedec L, Michel J B, Lyoussi B.2000. Experimental diuretic effects Rbsmarinus
officinalisandCentaurium erythraed Ethnopharmacol71: 465-472.

Harrison D J, Gongora M C, Guzik T G, Widder J.2007. Oxidative stress and hypertensibrAm
Soc Hypertend,(1): 30—44.

Hayder N, Abdelwahed A, Kilani S, Ben Ammar R,Mahmoud A, Ghedira K, Chekir-
Ghedira L.2004. Anti-genotoxic and free radical scavengingividies of extracts from (Tunisian)
Myrtus communisMutat Resb64 : 89—-95.

Hayder N, Bouhlel |, Skandrani I, Kadri M, Steiman R, Guiraud P, Mariotte AM, Ghedira

K, Dijoux-Franca MG, Chekir-Ghedira L. 2008.In vitro antioxidant and antigenotoxic potentials
of myricetin-3-O-galactoside and myricetin-3-O-rhraoside fromMyrtus communisModulation of
expression of genes involved in cell defense syatsing cDNA microarrayToxicol in vitrq 22:
567-581.

Hayouni EA, Abedrabba M, Bouix M, Hamdi M. 2007. The effects of solvents and extraction
method on the phenolic contents and biologicaliigs in vitro of TunisianQuercus coccifera. and
Juniperus phoenicela. fruit extractsFood Chem105: 1126-1134.

Hazra B, Biswas S, Mandal N2008. Antioxidant and free radical scavenging dtgtiof Spondias
pinnataBMC Complement Altern Me8: 63-69.

Heim K E, Tagliaferro A R, Bobilya D J. 2002. Flavonoid antioxidants: chemistry, metalmolend
structure-activity relationshipd.Nutr Biochem13(10): 572-584.

Hendel N, Larous L, Sari M, Boudjelal A, SarriD.2012. Place of labiates in folk medicine of the
area of M’sila (Algeria)Glob J Res Med Plants Indig Mdd8): 315-322.

Herrera-Arellano A, Aguilar-Santamaria L, Garc’la-Hern"andez B, Nicasio-Torres P,
Tortoriello J. 2004. Clinical trial ofCecropia obtusifoliaand Marrubium vulgareleaf extracts on
blood glucose and serum lipids in type 2 diabeftgtomedll: 561-566.

Heumuller S, Wind S, Barbosa-Sicard E, Schmidt HH, Busse R, Schroder K, Brandes R P.
2008. Apocynin is not an inhibitor of vascular NABRXxidases but an antioxidarilypertens,51.:
211-217.

Hinou J, Lakkas N, Philianos S1988. Les constituants polyphénoliques Mgrtus communid..
Plantes médicinales et phytothéra@e : 98-103.

Hitomi H, Kiyomoto H, Nishiyama A. 2007. Angiotensin Il and oxidative strg3srr Opin Cardiol,
22(4): 311-315.

174



References

Hofmann F.2005. The Biology of Cyclic GMP-dependent Prot€inases.J Biol Chem280:1-4.

Huo H Z, Wang B, Liang Y K, BaoY Y and Gu Y.2011. Hepatoprotective and antioxidant
effects of licorice extract against CCl4-induceddative damage in rat$nt J Mol Sci,12: 6529-
6543.

letswaart J H. 1980A taxonomic revision of t he gen@riganum(Labiateae), chemical composition
and antioxidant activity of essential oils from Aftgan Origanum glandulosunDesf. In Leiden
Botanical series 4,.eiden University Press: Le Hague.

Ikewuchi G C, Ikewuchia C C, Ifeanachoa M O, Igbdb N M. 2014. Blood pressure lowering
activity of a flavonoid and phytosterol rich extrat the sclerotia oPleurotus tuberregiungFr) Sing
in salt-loaded rat8iomed Prev Nutr4: 257-263.

Ismail H I, Chan KW, Mariod A A, Ismail M. 2010. Phenolic content and antioxidant activity of
cantaloupe@ucumis melpmethanolic extract$:ood Chent, 19: 643—-647.

Jabeen Q and Aslam N2013.Hypotensive, angiotensin converting enzyme EA®hibitor and
diuretic activities of the agueous-methanol extiEcipomoeareniformis Iran J Pharm Resl2 (4):
769-776.

Jain N K and Singhai A K. 2012. Hepatoprotective activity @henopodium alburhinn: in vitro
andin vivostudiesJ Exp Integr Med2(4):331-336.

Jalalpure S S and Gadge N BO11.Diuretic effect of young fruit extracts Bbmbax ceibd.. in
ratsindian J Pharm Sci73(3): 306-311.

Jiang M Z, Yan H, Wen Y, Li X M. 2011.In vitro andin vivo studies of antioxidant activities of
flavonoids fromAdiantum capillus-veneris. African J Pharm Pharmacob(18): 2079-2085.

Jurikova T, Sochor J, Rop O, Micek J, Balla S, S&keres L, Adam V, Kizek R.2012.
Polyphenolic profile and biological activity of CGtase hawthornQrataegus pinnatifidaBunge)
fruits.Molecules]7 : 14490-14509.

Kachhawa K, Varma M, Sahu A, Kachhawa P, Jha K. 2014. Oxidative stress and antioxidant
enzyme levels in hypertensive chronic kidney disgadientsint J Biomed Adv Re§,(10):488-490.

Kalyanaraman B. 2013. Teaching the basics of redox biology to m&dend graduate students:
Oxidants, antioxidants and disease mechaniBadox Bioll: 244-257.

Kardum N, Takic” M, Savikin K, Zec M, Zdunic’ G, Spasic” S, Konic -Ristic” A2014. Effects
of polyphenol-rich chokeberry juice on cellular iaridant enzymes and membrane lipid status in
healthy womenJ funct foods9: 89-97.

Kateel R, Rai M S, Ashok Kumar J2014. Evaluation of diuretic activity of gallic acin normal
ratsJ Sci Innov ReS (2): 217-220.

Katoch N, Kaur P, Kashyap P, Gupta S, Dahiya RS2013. Role of oxidative stress in
cardiovascular diseasBgs J Pharm Biol Chem Sk{3): 870-881.

Kaurinovic B, Popovic M, Vlaisavljevic S andTrivic S.2011.Antioxidant capacity o©Ocimum
basilicumL. andOriganum vulgard.. extractsMolecules 16: 7401-7414.

175



References

Kaushik P, Kaushik D, Khokra S L. 2011.In vivo antioxidant activity of planfbutilon indicum. J
Pharm Educ Re2,(1): 50-53.

Kazazica S P, Butkovica V, Srazica lasinc D.2006. Gas-phase ligation of 'Fand C ions
with some flavonoids. Agr Food Chenb4: 8391-8396.

Khadir A, Bendahou M, Benbelaid F, Ghellai L, Abdome M A, Bellahsene C, Zenati F,

Abdelouahid D , Muselli A, Paollini J, Desjobert JM, Costa J. 201ZFfficacy of the essential oil
of Origanum glandulosunbesf against skin infections With PVL-produciSgaphylococcus aureus
strains in miceAfrican J Microbiol Reg,(21): 2656-2661.

Khalifa F K and Elmazny W N.2013. Antioxidant mediated defense role of the adiet
phytochemical ferulic acid, against carbon tetratle (CCl4) induced toxic hepatitiddv Res1(1):
11-22.

Khan A, Bashir S, Khan S R, Gilani A H.2011. Antiurolithic activity ofOriganum vulgares
mediated through multiple pathw8MC Complement Altern Medi1: 96-111.

Khan I, Yousif A M, Johnson S K, Gamlath S2014. Acute effect of sorghum flour-containing
pasta on plasma total polyphenols, antioxidant cigpand oxidative stress markers in healthy
subjects: A randomised controlled tri@lin Nutr.(In press)doi: 10.1016/j.cInu.2014.08.005.

Khennouf S, Benchiekh D, Djidel S, Dahamna S, Amir&, Charef N, Baghiani A, Harzallah D,
Arrar L. 2013. Polyphenols and antioxidant properties dfaexs fromMentha pulegiuni. and
Matricaria chamomillaL. Pharmacogn Commui(2):35-40.

Khosravi A R, Shokri H, Kermani S, Dakhili M, Madani M, Parsa S.2011. Antifungal properties
of Artemisia sieberand Origanum vulgareessential oils again§€andida glabrataisolates obtained
from patients withvulvovaginal candidiasis] Mycol Med21: 93-99.

Kikuzaki H and Nakatani N. 1993.Antioxidant effects of some ginger constitsed Food Sci,
58(8):1407-1410.

KimY S, Lee SJ, Hwang J W, Kim U K, Kim S E,Kim E H, Moon S H, Jeon BT, Park J
P.2012In vitro protective effects offhymus quinquecostatuelak extracts on t-BHP-induced cell
damage through antioxidant activispod Chem Toxicd0:4191-4198.

KimB, KuCK, Pham T X, ParkyY, Martin D A, Xie L, Taheri R, Lee J, Bolling B W2013.
Aronia melanocarpgchokeberry) polyphenol-rich extract improves axiiant function and reduces
total plasma cholesterol in apolipoprotein E knagkmice.Nutr Res33: 406 — 413.

Kogyildiz Z C, Birman H, Olga¢ V, Akgun-Dar K, Melikoglu G, Mericli A H. 2006.Crataegus
tanacetifolia leaf extract prevents L-NAME-induced hypertensionrats: a morphological study.
Phytother Re20(1): 66—70.

Kordali S, Cakir A, Ozer H, Cakmakci R, Keslek M, Mete E.2008. Antifungal, phytotoxic
and insecticidal properties of essential oil isedafrom TurkishOriganum acutidensand its three
components, carvacrol, thymol and p-cym&imresour Techndb9: 8788-8795.

Korthuis R J. 2011. Skeletal muscle circulation. Chapter 3: Ragn of vascular tone in skeletal
muscle. San Rafael (CA): Morgan & Claypool Life &uwes. Available from:
http://www.ncbi.nim.nih.gov/books/NBK57140/

Kotana R, Cakirb A, Ozerc H, Kordalia S, Cakm&cic R, Dadasoglud F, Dikbase N, Aydinf
T, Kazazg C.2014. Antibacterial effects obriganum onitesagainst phytopathogenic bacteria:

176



References

Possible use of the extracts from protection otake caused by some phytopathogenic bacteria.
Scientia Horticulturael72: 210-220.

Koukoulitsa C, Karioti A, Bergonzi MC, Pescitelli G, di Bari L, Skaltsa H. 2006. Polar
constituents from aerial parts @figanum vulgard.. ssp.Hirtum growing wild in GreeceJ Agr Food
Chemb54 : 5388-5392.

Koyuncu T, Pinar Y, Lule F.2007.Convective drying characteristics of azarekk Crataegus
monogynalacq.) and yellonQrataegus aronidBosc.) fruits.J Food Eng/8: 1471-1475.

Krug S, Zhang Y, Mori T A, Croft K D, Vickers J J, Langton L K, Whitworth J A. 2008. N-
Acetylcysteine prevents but does not reverse dettersene-induced hypertensiolin Exp
Pharmacol Physiol35: 979-981.

Kulisic T, Radoni A, Katalinic V, Milos M. 2004. Use of different methods for testing antiative
activity of oregano essential oifood Cheng5: 633—-640.

Kaltar S. 2007. Medicinal plants used in Kirklareli Proé (Turkey)d Ethnopharmacol111: 341-
364.

Kumar D, Arya V, AliBhat ZK, Khan N A, Prasad DN.2012. The genu€rataegus
chemical and pharmacological perspecti®sazilian J Pharmacogr22(5): 1187-1200.

Kumar R, Phaneendra P, Bodhanapu S, Rahiman F, @as M K, Tamizmani T.
2011.Antioxidant and hepatoprotective activity ¢ taqueous extract dyrtus CommunigMyrtle)
Linn.leavesPharmacol Onlinel: 1083-1090.

Kumaran A , Karunakaran R J. 2007.In vitro antioxidant activities of acetone extracts of
Phyllantusspecies from Indihebens-Wizs Techonologit): 344—-352.

Lahlou S, Tahraoui A, Israili Z, Lyoussi B2007Diuretic activity of the agueous extracts of
Carum carviandTanacetum vulgara normal ratsJ Ethnopharmacoll 10: 458—-463.

Landmesser U, Dikalov S, Price SR, McCann L, Fukaill, Holland SM, Mitch WE, Harrison
DG.2003. Oxidation of tetrahydrobiopterin leads to auping of endothelial cell nitric oxide
synthase in hypertensiohClin Invest111(8):1201-1209.

Landmesser U, Hornig B, Drexler H2004. Endothelial function: a critical determinam
atherosclerosisTirc, 1:109 (1):27-33.

Lavault M and Richomme P.2004. Constituents dflelichrysum stoechagriety olonnenseChem
Nat Compounds40: 118-121.

Lavie L.2014. Oxidative stress in obstructive sleep apmehiatermittent hypoxia - Revisited - the
bad ugly and good: Implications to the heart andirbrSleep Med Reflln press).doi:
10.1016/j.smrv.2014.07.003.

Lee S, Shin D S, Oh K B, Shin KH.2003. Antibacterial compounds from the leaves of
Acanthopanax senticosusrch Pharmacol Re£6:40-42.

Lemhadri A, Zeggwagh NA, Maghrani M, Jouad H , Eddouks M. 2004. Anti-hyperglycaemic

activity of the aqueous extract oDriganum vulgare growing wild in Tafilalet regionl
Ethnopharmacol92(2-3): 251-256.

177



References

Li HB, Cheng KW C, Fan KW F, Jiang Y.2007. Evaluation of antioxidant capacity and total
phenolic content of different fraction of selectactroalgae Food chem102: 771-776.

Li Y H, Jiang B, Zhang T, Mu WM, Liu J. 2008. Antioxidant and free radical scavenging ditis
of chickpea protein hydrolysate (CPH)od Chem106: 444—-450.

Li H, Horke S, Fo'rstermann U. 2013. Oxidative stress in vascular disease and its
pharmacological preventidfrends Pharmacol Sci6 : 313-319.

Li Z, Huc J, Ya-ling Li, Xue F, Zhang L, Xie J, LiuZ , Hua L, Yi D, Jin-cheng L, Wang S.
2013. The effect of hyperoside on the functionabxery of the ischemic/reperfused isolated ratthear
Potential involvement of the extracellular signedulated kinasel/2 signaling pathw&yee Radic
Biol Med,57: 132-140.

Liang C H, Chou T H, Ding H Y.2010. Inhibition of melanogenesis by a novel oragde from
Origanum vulgarel Dermatol Sci57: 170-177.

Lin Y L, Wang C N, Shiao Y J, Liu T 'Y, Wang W Y. 2003. Benzolignanoid and polyphenols from
Origanum vulgare. J Chin Chem S660;1079-1083.

Ling S. 2007. Effects of four medicinal herbs on humancuts endothelial cells in culture. Lipid
status in healthy woment J Cardio,111:34—38.

Liu T, SunY , Laura T, Liang X, Ye H, Zeng X 2009. Determination of polyphenalic content
and antioxidant activity of kudingcha made frdex kudingcha~ood Chem112: 35-41.

Liu Q and Yao H. 2007. Antioxidant activities of barley seeds estis&rood Chem102(3): 732-737.

Liu T, Cao Y, Zhao M.2010. Extraction optimization, purification and iamtdant activity of
procyanidins from hawthorrC( pinnatifidaBge. varmajor) fruits. Food Chem119:1656—1662.

Ljubuncic P, Portnaya I, Cogan U , Azaizeh H, Bmzon A.2005. Antioxidant activity of
Crataegus aroniaaqueous extract used in traditional Arab medicmdsrael.J Ethnopharmacol,
101: 153-161.

Loizzo M R, Menichini F, Conforti F, Tundis R, Bonesi M, Saab A M, Statti GA, de Cindio B,
Houghton PJ, Menichini F, Frega NG.2009. Chemical analysis, antioxidant, anti-inflaatony and
anticholinesterase activities @friganum ehrenbergiBoiss andOriganum syriacuni.. essential oils.
Food Chem117:174-180.

Long S R, Carey R A, Crofoot K M, Proteau P J, Filz T M. 2006. Effect of hawthornQrataegus
oxycanthd crude extract and chromatographic fractions onltiphe activities in a cultured
cardiomyocyte assaPhytomed,3: 643-650.

Lotito S B and Frei B.2006.Consumption of flavonoid-rich foods and increaggdsma
antioxidant capacity in humans: Cause, consequeancepiphenomenorfee Radic Biol Med41:
1727-1746.

Maghrani M, Zeggwagh N A, Michel J P, Eddouks M.2005. Antihypertensive effect aepidium
sativumL. in spontaneously hypertensive ratsEthnopharmacel100: 193-197.

Malik Z A and Siddiqui S. 1981. Hypotensive effect of freeze-dried garAdigm sativum sap in
dogs.J Pakistan Med Assot3: 12—-13.

178



References

Manach C, Wiliamson G, Morand C, Scalbert, A, Renesy C. 2005. Bioavailability and
bioefficacy of polyphenols in humans: Review oifodvailability studiesAm J Clin Nutr,81:230—
242.

Mansouri S, Foroumadi A, Ghaneie T, Najar A G.2001. Antibacterial activity of the crude extracts
and fractionated constituentsMf/rtus communisPharm Biol39: 399-401.

Markham K R.1982. Techniques of Flavonoid Identification (Chapand 2). LondonAcademic
Press.pp.1- 113.

Mathew S and Abraham T E2006. In vitro antioxidant activity and scavenging effects of
Cinnamomum verurteaf extract assayed by different methodologiexd Chem Toxicold4: 198—
206.

Mazza G, Kay C D, Cottrell T, Holub B J.2002. Absorption of anthocyanins from bluebereard
serum antioxidant status in human subjett&gr Food Chent0:7731-7737.

Medhin D G, Hadhazy Bakos P, Verzar Petri G1986. Hypotensive effects bfipinus termisand
Coriandrum sativunin anaesthetized rats. A preliminary studlgta Pharm Hung56: 59-63.

Medini H, Elaissi A, Khouja M A, Chemli R. 2013. Phytochimical screening and antioxidant
activity of Juniperus phoenicessp.phoenicea.. extracts from two Tunisian locations Exp Bio
Agr Scil (2) :77-82.

Meera K S and Marcus S M.2012. Endothelial dysfunction and oxidative striesfypertension.
Asian J Med Regq, (3): 84-89.

Mekonnen T, Urga K, Engidawork E.2010.Evaluation of the diuretic and analgesicvias of
the rhizomes oRumex abyssinicukacq in miceJ Ethnopharmacal27: 433-439.

Mezzouga N, Elhadri A, Dallouh A, Amkiss S, Skali I$, Abrini J, Zhiri A, Baudouxb D, Diallo
B, El- Jaziri M, Idaomar M. 2007. Investigation of the mutagenic and antimemag effects of
Origanum compacturaessential oil and some of its constitueMstat Re$29:100-110.

Middleton E, Kandaswami C, Theoharides TC. 2000. The effects of plant flavonoids on
mammalian cells: implications for inflammation. Hedisease and cancé&tharmacol Rev52: 4673—
4751.

Mimica-Duki ¢ N, Bugarin D, Slavenko Grbové S, Miti¢-Culafi¢ D, Vukovi¢-Gagié B, Oréié D,
Jovin E, Couladis M. 2010. Essential Oil oMyrtus communid.. as a potential antioxidant and
antimutagenic agentMolecules,15: 2759-2770.

Mitjavila M T and Moreno J J. 2012. The effects of polyphenols on oxidative ssrand the
arachidonic acid cascade. Implications for the @n&on/treatment of high prevalence diseases.
Biochem PharmacpB4: 1113-1122

Moghrani H and Maachi R. 2008.Valorization oMyrtus communigssential oil obtained by steam
driving distillation.Asian J Sci Re}(5): 518-524.

Mohamed N A and Nassier OA.2013. The antihyperglycaemic effect of the aqgeextract of
Origanum vulgardeaves in streptozotocin-induced diabetic Ritsdan J Biol Scig(1): 31 — 38.

Montejano-Rodri"guez J R, Almaguer-Vargas G, Gaya®n-De-Lucio J A, Ocharan Herna ndez
M E, Moreno Marti'nez R E, Herna'ndez Caballero ME, Torres-Valencia J JM, Sierra

179



References

Rami‘rez J A. 2013. Evaluation of the diuretic activity of thehanolic extract ofGeranium
seemanniPeyr. in Wistar ratsl Pharm Res,: 709 -713.

Montezano AC and Touyz RM2012. Oxidative stress, Noxs, and hypertension:eexental
evidence and clinical controversieghnu Med44: 2-16.

Montoro P, Tuberoso CIG, Piacente S, PerroneA, De Feo V, Cabras P, Pizza Q006.
Stability and antioxidant activity of polyphenotséxtracts oMyrtus communig. berries used for the
preparation of myrtle liqueud. Pharm Biom Anal$1 : 1614-16109.

Montoro P, Tuberoso CIG, Perrone A, Piacente S, Cahs P, Pizza C2008. Characterisation by
liquid chromatography—electrospray tandem masstspeetry of anthocyanins in extracts Miyrtus
communid.. berries used for the preparation of myrtle ligud Chromatogr AL112:232-240.

Moyo B, Oyedemi S, Masika P J, Muchenje V2012. Polyphenolic content and antioxidant
properties oMoringa oleiferaleaf extracts and enzymatic activity of liver frayoats supplemented
with Moringa oleiferaleaves/sunflower seed calkeat Sci9l: 441-447.

Munzel T, Gori T, Bruno R M, Taddei S.2010. Is oxidative stress a therapeutic target in
cardiovascular diseas&?r Heart J,31: 2741-2748.

Nabavi S M, Ebrahimzadeh M A, Nabavi S F, Jafari M.2008. Free radical scavenging activity and
antioxidant capacity dEryngium caucasicundFroripia subpinata Pharmacologyonling3:19-25.

Najeeb Q, Bhaskar N, Masood |, Wadhwa S, Kaur H,dhaq S.2012. Malondialdehyde (MDA)
superoxide dismutase (SOD) levels-distinguishingapeters between benign malignant pleural
effusionsFree Radic Antiox2: 8-11.

Nakatani N and Kikuzaki H. 1987. A new antioxidative glucoside isolated froragangOriganum
vulgarelL.). J Agr Biol Chen§1:2727-2732.

Nakayama S, Kishimoto Y, Saita Y, Sugihara NToyozaki M, Taguchi C, Tani M, Kamiya
T, Kondo K. 2015. Pine bark extract prevents low-density Iiptgin oxidation and regulates
monocytic expression of antioxidant enzynmidstr Res35(1):56-64

Nakiboglu M, Urek RO, Kayali HA, Tarhan L. 2007. Antioxidant capacities of enden8aeritis
sipyleaandOriganum sipyleunfrom TurkeyFood Chenil04: 630-635.

Nasir A, Abubakar M G, Shehu R A, Aliyu U, TogeB K. 2013. Hepatoprotective effect of the
aqueous leaf extract oAndrographis paniculataNees against carbon tetrachloride — induced
hepatotoxicity in ratdNig J Basic Appl ScR1(1): 45-54.

Nassar M I, Abou tabl SA, Ahmed R F, El-Khrisy ED A, Ibrahim K M, Sleem A A. 2010.
Secondary metabolites and bioactivitiedvyfrtus communisPharmacogn Re2:235-242.

Navarro-Yepes J, Zavala-Flores L, Anandhan A, WangF, Skotak M, Chandra N, Li M,
Pappa A, Martinez-Fong D, Del Razo L M, Quintailla-Vega B, Franco R.2014. Antioxidant
gene therapy against neuronal cell deBttarmacol Ther142: 206—-230.

Neuhaus-Carlisle K, Vierling W, Wagner H.1993. Calcium-antagonistic activity of extracts and

constituents ofPetroselinum crispunand other phenylpropane derivati®anta Medica,59: 582-
583.

180



References

Ni“ciforovi” ¢ N, Mihailovi” ¢ V, Ma'skovi" ¢ P, Dluji * ¢ S, Stojkovi” ¢ A, Muratspahi'c DP.
2010. Antioxidant activity of selected plant spsciepotential new sources of natural
antioxidantd-ood Chem Toxicpk8:3125-3130.

Nilveses N, Wammanachinda W, Wanverakul B, Pidech. 1989. Diuretic effect ofluchea
indicaThai J Pharmacolll: 1-7.

Nistala R, Whaley-Connell A, Sowers J R.2008. Redox control of renal function and
hypertensiorAntiox Redox Signal,0: 2047-2089.

Norhaizan M E, Norashareena M S, Abdah M A2011. Antioxidant and cytotoxicity effect of rice
brain phytic acid as an anticancer agent on ovabasast and liver cancer cell linddal J Nutr,
17(3): 367 -375.

Nugroho A E, Malik A, Pramono S2013.Total phenolic and flavonoid contents, andvitro
antihypertension activity of purified extract ofdlonesian cashew leaveSn@cardium occidentalk.)
Int Food Res J20(1): 299-305.

Nunes XP, Silva F S, Almeida G J, Tolentinde Lima J, Ribeiro L A A, Quintans Junior

L G, Filho G M B. 2012. Biological oxidations and antioxidant adtivof natural products in :
Phytochemicals as nutraceuticals — global appr@adbetheir role in nutrition and health. Dr
Venketeshwer Rao (Ed.), InTech, ISBN: 978-953-303)8,pp:1-20.

Ojeda D, Jiménez-Ferrer E, Zamilpa A, Tortoriello J, Alvarez L. 2010. Inhibition of angiotensin
converting enzyme (ACE) activity by anthocyaninghiaidin- and cyanidin-3-O-sambubiosides from
Hibiscus sabdariffal Ethnopharmacal28: 7- 10.

Olatunde F E, Ogundipe OO, Uhunwangho E S, AdeyanjuMA, Olarenwaju M J. 2003.
Antioxidant properties of extracts froAlchornea laxiflora(Benth) Pax and Hoffmaf®hytother Res,
17:713-716.

Oliveira C, Amaro L F, Pinho O, Ferreira | M. 2010. Cooked blueberries: Anthocyanin and
anthocyanidin degradation and their radical-scawvengctivity.J Agr Food Chembs8: 9006—9012.

Oliveras-Lopez M G, Berna G, Jurado-Ruiz E, Lépz-Garcia de la Serrana H, Martin F.
2014. Consumption of extra-virgin olive oil rich phenolic compounds has beneficial antioxidant
effects in healthy human adulfs.Funct Foods10:475-484.

Orhan I, Oezcelik B, Kartal M, Karaoglu T, Bilge F. 2007. HPLC quantification of vitexine-2"-
O-rhamnoside and hyperoside in th@ataegusspecies and their antimicrobial and antiviral
activities.Chromatographiap6: S153- S157.

Othman A, Ismail A, Ghani NA, Adenan I. 2007. Antioxidant capacity and phenolic content of
cocoa beanBood Chent,00:1523-1530.

Oukil N, Bedjou F, Maiza-Benabdesselam F, Chibane MO011. Antioxidant activity and separation
of phenolic compounds ddriganum glandulosunfrom north Algeria by high performance liquid
chromatography (HPLCAfrican J Biotechngl10(17): 3451-3454.

Ozsoy N, Can A, Yanardag R, Akev N2008. Antioxidant activity oEmilax excel&. leaf extracts.
Food Chem110: 571-583.

Oszrek M, Bener M, Glglil K, Dénmez A A, SuzgeSelguk S, Pinldar S, Mericli A H, and
Apak R. 2012. Evaluation of antioxidant activity @rataegusspecies collected from different
regions of TurkeyRec Nat Prod6(3):263-277.

181



References

Pandanaboina S C, Kondeti S R, Rajbanshi S L,Kunala P N, Pandanaboina S,
Pandanaboina M M, Wudayagiri R2012. Alterations in antioxidant enzyme activitiasd
oxidative damage in alcoholic rat tissues: Protectble of Thespesia populned&ood Chem 132:
150-159.

Parejo I, Viladomat F, Bastida J, Rosas-Romero A, Flerlage N, BurilloJ, Codina F. 2002.
Comparison between the radical scavenging actiity antioxidant activity of six distilled and
nondistilled Mediterranean herbs and aromatic plaitgr Food Chen0:6882-6890.

Patel B D, Kamariya Y H, Patel M B2011. Free radical scavenging potential of etharetiract of
Uraria pictalinn. Pharmacologyonline?: 134-145.

Patel U, Kulkarni M, Undale V, Bhosale A2009. Evaluation of diuretic activity of aqueousian
methanol extracts dfepidium sativunGarden Cress (Cruciferae) in ratsop J Pharm Re8,(3):
215-219.

Patrick-lwuanyanwu K C, Wegwu M O, Makhmoor T. 2011. Hepatoprotective effect of crude
methanolic extract and fractions of ring worm pl&etna alatgL. Roxb) leaves from Nigeria against
carbon tetrachloride —induced hepatic damage sEar J Exp Bioll (1): 128-138.

Pendyala L K, LiJ, Shinke T, Geva S, Yin X, @en J P, King Il S B, Robinson K A,
Chronos N F, Hou D2009. Endothelium-dependent vasomotor dysfunctignig coronary arteries
with paclitaxel-eluting stents is associated witifldmmation and oxidative stres€ardiovas
Interven,2 (3):253-258.

Pereira P, Cebola M J, Bernardo-Gil MG.2012. Comparison of antioxidant activity in extsaof
Myrtus communig.., obtained by SFE vs. solvent extractidrenv Sci EngA;115-220.

Perez-Vizcaino F and Duarte 2010. Flavonols and cardiovascular disedda. Aspects Med31:
478-494.

Perron N R and Brumaghim J L. 2009. A review of the antioxidant mechanisms difyplenol
compounds related to iron bindingell Biochem Biophy$3: 75-100.

Perusquia M, Mendoza S, Bye R, Linares E, Mata RL995. Vasoactive effects of agueous extracts
from five Mexican medicinal plants on isolated aatta.J Ethnopharmacok6: 63—69.

Petlevski R, Flajs D, Kalalera Z, Zovko Kon¢i¢ M. 2013. Composition and antioxidant activity of
aqueous and ethanolic Pelargonium radula extracdr J of Bot, 83.7-22.

Pham-Huy L A, He H, Pham-Huy C.2008.Free radicals, antioxidants in disease antihhea J
Biomed Sc#: 89-96.

Phillips O A, Mathew K T, Oriowo M A.2006. Antihypertensive and vasodilator effects of
methanolic and aqueous extractg abulus terrestrian rats.J Ethnopharmacoll04: 351-355.

Piccoli C, Quarato G, D’Aprile A, Montemurno E, Scrima R, Ripoli M, Gomaraschi M. 2009.
Native LDL-induced oxidative stress in human proairtubular cells: multiple players involved.
Cell Mol Med15(2): 375-395.

Prinz S, Ringl A, Huefner A, Enne P, Brigitte K 2007. 4 "-acetylvitexin-2 "-O-rhamnoside,
isoorientin, orientin, and 8-methoxykaempferol-FlDeoside as markers for the differentiation
of Crataegus monogynaandCrataegus pentagynafrom Crataegus laevigata (RosaceaelChem
Biodiv, 4 (12): 2920-2931.

182



References

Prior R L, Wu X, Schaich, K. 2005. Standardized methods for the determinatfoantioxidant
capacity and phenolics in foods and dietary suppteed Agr Food Chenf3: 4290-4302.

Priyadharshini D and Sujatha V. 2012. Antioxidant assessment for various solveattions of
Cassia fistulaLinn.Flowerslnt J Pharm Tech Reg (1): 510-517.

Prochazkova D, BouSova |, Wilhelmovd N011.Antioxidant and prooxidant properties of
flavonoids.Fitoterapia,82: 513-523.

Quezel P and Santa S1963. Nouvelle flore de I'Algérie et des régiogseattiques méridionales,
Tome 11. Ed. CNRS, Paris, pp 804-806.

Qui"nones M, Muguerza B, Miguel M, Aleixandre A.2011. Evidence that nitric oxide mediates the
blood pressure lowering effect of a polyphenol-ricitoa powder in spontaneously hypertensive rats.
Pharmacol Res4: 478— 481.

Rah D K, Han D W, Sook Baek H, Hyon S 'Y, Park L. 2005. Prevention of reactive oxygen
species-induced oxidative stress in human miceaas endothelial cells by green tea polyphenol.
Toxicol Let 155: 269-275.

Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S, Dhama K. 2014. Oxidative
stress, pro-oxidants, and antioxidants: The Interphy.Biomed Res Intdoi: 10.1155/2014/761264.

Rahmat A, Kumar V, Mei L F, Endrini S, Abdullah Sani H. 2003. Determination of total
antioxidant activity in three types of local veduts shoots and the cytotoxic effect of their etiian
extracts against different cancer cell lingsian Pac J Clin Nutrl2 (3):308-311.

Rajapakse N, Mendis E , Jung W K, Je J Y, Kim S K2005. Purification of a radical scavenging
peptide from fermented mussel sauce and its antoxipropertied-ood Res Int38: 175-182.

Rattanachaikunsopon P and Phumkhachorn P.2010. Assessment of factors influencing
antimicrobial activity of carvacrol and cymene aiVibrio choleraein food. J Biosci Bio eng,
110:614-619.

Rayese A, RajaV, Sharma M2013. Hepatoprotective activity of ethyl acetatgact ofadhatoda
vasicain swiss albino ratit J Cur Res Rej(6): 16-21.

Re R. 1999.Antioxidant activity applying an improved ABTS iadl cation decolorization assay.
Free Radic Biol Med26:1231-1237.

Refaie A A, Ramadan A, Mossa AT.2014. Oxidative damage and nephrotoxicity indubgd
prallethrin in rat and the protective effect ©@figanum majoranaessential oil.Asian Pac J Trop
Med,7(1): 506-513.

Rein D, Lotito S, Holt R R, Keen C L, Schmitz H H,Fraga C G2000. Epicatechin in human
plasma:n vivo determination and effect of chocolate consumptioplasma oxidation statu$. Nutr,
130:2109-2114.

Rezaeizadeh A, Zuki ABZ, Abdollahi M, Goh YM, Noodin MM, Hamid M, Azmi T.
Determination of antioxidant activity in methanolend chloroformic extracts oMomordica
charantia. African J Biotechnpl0(24): 4932-4940.

Rhiouani H, Lyoussi B, Settaf A, Cherrah Y, HassaM. 2001. Antihypertensive effect of

Herniaria glabra saponins in the spontaneously hypertensive Painales Pharmaceutiques
Francaises$9: 211-214.

183



References

Rice-Evans C.2004. Flavonoids and isoflavones: absorption, b@ism and bioactivityFree Radic
Biol Med,36: 827-828.

Rivero D, Perez-Magarino S, Gonzalez-Sanjose M LValls-Belles V, Codoner P, Muniz, P.
2005. Inhibition of induced DNA oxidative damage bgers: correlation with the content of
polyphenols and melanoidins Agr Food Chent3:3637-3642.

Rodrigo R, Rivera G. 2002. Renal damage mediated by oxidative strehgpathesis of protective
effects of red winel-ree Radic Biol Med33(3):409-422.

Rodrigo R, Gil D, Miranda-Merchak A, Kalantzidis G.2012. Antihypertensive role of polyphenols.
Adv Clin Chem58:225-254.

Romani A, Pinelli P, Mulinacci N, Vincieri F F, Tattini M. 1999. Identification and quantification of
polyphenols in leaves dflyrtus communi€hromatographiag9:17-20.

Romani A, Coinu R, Carta S, Pinelli P, Galardi C, \incieri F F, Franconi F.2004. Evaluation of
antioxidant effect of different extracts bfyrtus communi&. Free Radic Resg§8:97-103.

Rosa A, Deiana M, Casu V, Corona G, Appendino G,iBnchi F, Ballero M, Dess’| MA.2003.
Antioxidant activity of oligomeric acylphlorogluanhs from Myrtus communid. Free Radic ReS;
1013-1019.

Sahin A, Gulluce M, Daferera D, Sokmen A, SokmenM, Polissiou M, Agar G, Ozer H.
2004 .Biological activities of the essential oilsddlanethanol extract ddriganum vulgae sspVulgare
in the Eastern Anatolia region of TurkEgod Control15: 549-557.

Saadoudi M, Hamebaba Le, Abdeddaim M2012. Study of the glucidicfraction @eltis Australis
L, Crataegus Azaroluk, Crataegus Monogyndacq.,Elaeagnus Angustifolia L. and Zizyphus Lotus
L. Fruits .World Acad Sci Eng Technol,:1126-1129.

Sachse A and Wolf G2007. Angiotensin ll-induced reactive oxygen sps@nd the kidneyl Am
Soc Nephrol18(9):2439-2446.

Sadki C, Hacht B, Souliman A, Atmani F.2010. Acute diuretic activity of aqueolsica
multiflora flowers andCynodon dactylonhizomes extracts in rat$. Ethnopharmacdl28: 352—-356.

Saha K, Lajis N H, Israf D A, Hamzah A S, KhoziraS, Khamis S, Syahida A2004. Evaluation
of antioxidant and nitric oxide inhibitory activis of selected Malaysian medicinal planis.
Ethnopharmacol92: 263-267.

Samochowiec L, Kokot F, Kleinrok Z, Gachowski Z1955. Investigations on hypotensive properties
of some galenical preparations\iscum albungenus (LoranthraceaBarm Pol,11(6):128-132.

Sandoo A, van Zanten V, Metsios G S, Carroll DKitas G D.2010. The endothelium and its role
in regulating v ascular ton@pen Cardiovasc Med 4; 302-312.

Sari M, Biondi D M, Kaadbeche M, Mandalari G, D’Arrigo M, Bisignano G, Saija A, Daquino
C, Ruberto G. 2006.Chemical composition, antimicrobial and axitlant activities of the essential
oil of several populations of Algerigdriganum glandulosurDesf.Flav Fragr J,21, 890-898.

Sarikurkcu C, Arisoy K, Tepe B, Cakir A, Abali G, Mete E. 2009. Studies on the antioxidant
activity of essential oil and different solventexits of Vitex agnuscastus. fruits from TurkeyFood
Chem Toxicql47: 2479-2483.

184



References

Schildknecht S and Ullrich V2009. Peroxynitrite as regulator of vascular phuosi
synthesisArch Biochem Biophyi84: 183-1809.

Schmitt CA and Dirsch V M. 2009. Modulation of endothelial nitric oxide by pta derived
productsNitric Oxide,21: 77-91.

Schroder D, Weiser M, Klein P. 2003 Efficacy of a homeopathiCrataeguspreparation compared
with usual therapy for mild (NYHA II) cardiac indidiency: results of an observational cohort study.
Eur J Heart Fail: 319-26.

Schroeter H, Heiss C, Balzer J, Kleinbongard P, KaeCL, Hollenberg N K, Sies H, Kwik-Uribe
C, Schmitz H H, Kelm M. 2006. (-)-Epicatechin mediates beneficial effe¢t8awanol-rich cocoa
on vascular function in humariatoc Nat Acad Scil03:1024-1029.

Sen S and Chakraborty R 2011. The role of antioxidants in human health. @xidative stress:
Diagnostics, prevention, and therapy (ACS symposisenies). Silvana A, Hepel M, editors.
Washington DC: American Chemical Society, Chapl,1p37.

Sen S, Biplab D, Devanna N, Chakraborty R2013. Total phenolic, total flavonoid content, and
antioxidant capacity of the leaves Meyna spinosdroxb., an Indian medicinal planthin J Nat
Med, 11(2): 0149-0157.

Senejoux F, Girard C, Aisa H A, Bakri M, Kerram P, Berthelot A, Bévalot F, Demougeot C.
2012. Vasorelaxant and hypotensive effects of adaldoholic extract from the fruits dflitraria
sibirica Pall. (Nitrariaceae)d Ethnopharmacoll41: 629-634.

Shan B, Cai Y Z, Brooks J D, Corke H.2007. Then vitro antibacterial activity of dietary spice and
medicinal herb extractént J Food Microbiol117:112-119.

Shatoor A S.2011 Acute and sub-acute toxicity afataegus aronia Syn. azarol(s.) whole Plant
agueous extract in wistar Raten J Pharmacol Toxicd,(2): 37-45

Shatoor A S, Soliman H, Al-Hashem F, El- Gamal B Othman A, EI-Menshawy N.2012.
Effect of Hawthorn Crataegus aronia on platelet function in albino wistar rafBhrombosis Res,
130: 75-80.

Shatoor A S.2013.In vivo hemodynamic and electrocardiographic changesviollp Crataegus
aronia (L) administration to normotensive Wistar r&sudi Med J,34 (2): 123-134.

Shihab Z A2013. Study the effects of drenching aqueous extvthoriganum vulgareon some
hematological characteristics of mature male doimesbbits. Bas j Vet Resl2 (2): 212-220.

Shiogai Y, Stefanovska A, McClintock P V E.2010. Nonlinear dynamics of cardiovascular
ageing.Physics Reports188: 51-110.

Silva B A, Ferreres F, Malva J O, Dias AC2005. Phytochemical and antioxidant characteonabif
Hypericum perforatunalcoholic extractsFood Chem90: 157-167.

Simic D, Mimic-Oka J, Pljesa-Ercegovac M, Savic-Rdojevic A, Opacic M, Matic D, Ivanovic
B, Simic T. 2005. Byproducts of oxidative protein damage antlomilant enzyme activities in
plasma of patients with different degrees of esakemypertension hum hyperten20 (2): 149-155.

Singh M, Kaur M, Silakari O. 2014. Flavones: An important scaffold for medicichemistry.
EurJ Med Chen84: 206-239.

185



References

Skaltsa H, Chatzopoulou A, Karioti A, Gousiadou C\Vivancos VL, Kyriazopoulos P, Golegou S
2010. Depsides and other polar constituents flOnganum dictamnus Land theirin vitro
antimicrobial activity in clinical strainsl. Agr Food Cherb8:6064—-6068.

Skotti E, Anastasaki E, Kanellou G, Polissiou M Tarantilis P A.2014. Total phenolic content,
antioxidant activity and toxicity of aqueous extsaérom selected Greek medicinal and aromatic
plants.Ind Crops Prodb3: 46- 54.

Skoula M, Grayer R J, Kite G C, Veitch N C2008. Exudate flavones and flavanones in
Origanumspecies and their interspecific variati@nchemSyst EcoB6: 646—-654.

Sonu S S, Sharma G, Sharma V, Rohilla A, Kushwo A. 2013. An emerging role of natural
antioxidants in hypertensiomt J Pharm Phytopharmacol Res(1): 13-16.

Sousa T, Afonso J, Carvalho F and Albino-Teeira A. 2012. Lipid peroxidation and
antioxidants in arterial hypertension. In: Lipidr&eadation. Intech, Open Access Publisher, ISBN:
980-953-307-143-0, Academic Press, Volume 1, Ch@pp: 345-392

Sreenivasamurthy B, Banji D, Banji O J F.2012. Investigation on antioxidant and hepatoptitec
activity of ethanolic leaf extract oPolygonum glabrumWilld. on carbon tetrachloride-induced
hepatotoxicity in ratsSpatula, 2(4):199-205.

Srivastava A and Shivanandappa A2010. Hepatoprotective effect of the root extratt
Decalepis hamiltoniiagainst carbon tetrachloride-induced oxidativesstrin ratsFood Chem 118:
411-417.

Sugamura K and Keaney J F2011. Reactive oxygen species in cardiovasculaadisFree Radic
Biol Med,51: 978-992.

Sumbul S, Ahmad M A, Asif M, Saud I, Akhtar M. 2010.Evaluation oMyrtus communid.inn.
berries (common myrtle) in experimental ulcer medelratsHum Exp ToxicQl29(11):935-44.

Sumbul S, Ahmad M A, Asif M, Akhtar M. 2011.Myrtus communi&inn. A review.Indian J Nat
Prod Resourc2(4): 395-402.

Sun T and Ho C T.2005. Antioxidant activities of buckwheat extea&ood Chem90: 743-749.

Suri S, Liu XH, Rayment S, Hughes DA, Kroon PA, Neds PW, Taylor MA, Tribolo S, Wilson
VG. 2010. Quercetin and its major metabolites seleltivmodulate cyclic GMP-dependent
relaxations and associated tolerance in pig istledeonary arteryBr J Pharmacal 159: 566-575.

Svedstroma UVuorela H, Kostiainen R, Laakso I, Hiltunen R.2006. Fractionation of polyphenols
in hawthorn into polymeric procyanidins, phenolicids and flavonoids prior to high-performance
liquid chromatographic analysi$. Chromatography AL1(12):103-111.

Swaminathan J K, Khan M, Mohan | K, Selvendiran K, Niranjali D S, Rivera B K,
Kuppusamy P2010. Cardioprotective properties @rataegus oxycanthaxtract against ischemia-
reperfusion injuryPhytomed17:744—752.

Tadic V M, Dobric S, Markovic GM, Sofija M, Tanja S. 2008. Anti-inflammatory,
gastroprotective, free-radicalscavenging and antwbial activities of hawthorn berries ethanol
extract.J Agr Food Cheng6: 7700- 7709.

Taheri A, Seyfan A, Jalalinezhad S, Nasery B013. Antibacterial effect dilyrtus communifiydro-
alcoholic extract on pathogenic bactedahedan J Res Med Stb(6):19-24.

186



References

Tahraoui A J, El-Hilaly E , Israili Z H, Lyoussi, B. 2007. Ethnopharmacological survey of
plants used in the traditional treatment of hypesien and diabetes in south-eastern Morodco.
Ethnopharmacql110: 105-117.

Tahri A, Yamani S, Legssyer A, Aziz M, Mekhfi H , Bnouham M, Ziyyat A.2000. Acute
diuretic, natriuretic and hypotensive effects ofamtinuous perfusion of aqueous extractUsfica
dioicain the ratJ Ethnopharmacol73: 95-100.

Tanito M, Nakamura H, Kwon YW, Teratani A, Masutani H, Shioji K, Kishimoto C, Ohira
A, Horie R, Yodoi J. 2004. Enhanced oxidative stress and impaired @tlatin expression in
spontaneously hypertensive rasitioxid Redox Signa§:89-97.

Taniyama Y, Griendling K K. 2003. Reactive oxygen species in the vasculatumdeaular and
cellular mechanism#lypertens42(6):1075-1081.

Tanumihardjo SA. 2013. Carotenoids and Human Health. Humana Psgssger USA.

Tanzadehpanah H, Asoodeh A, Chamani 2012. An antioxidant peptide derived from Ostrich
(Struthio camelusegg white protein hydrolysatdsood Res Int49:105-111.

Torres-Piedra M, Figueroa M, Hern_andez-Abreu Q lbarra-Barajas M, Navarrete-Vazquez
G, Estrada-Soto S2011. Vasorelaxant effect of flavonoids throughheadulin inhibition:ex vivg
in vitro, and in silico approacheBioorg Med Chem]9: 542-546.

Tretiakova |, Blaesius D, Maxia L, Wesselborg S, $wlze- Osthoff K, Cinatl J Jr, Michaelis M,
Werz 0.2008. Myrtucommulone frolMyrtus communisnduces apoptosis in cancer cells via the
mitochondrial pathway involving caspaseApoptosis,13(1):119-131.

Tuberoso C | G, Rosa A, Bifulco E, Melis MP, AtzeriA, Pirisi F M, Dessi M A. 2010. Chemical
composition and antioxidant activities Mfyrtus communi&. berries extractdood Chem123:1242—
1250.

Valentova K, Vrba J, Bancirova M, Ulrichova J Kr'en V.2014.lsoquercitrin: Pharmacology,
toxicology, and metabolisnkood Chem Toxicob8 : 267-282.

Valko M, Leibfritz D, Moncol J, Cronin M T D, Mazur M, Telser J.2007. Free radicals and
antioxidants in normal physiological functions d@mgdman diseasént J Biochem Cell Biol39: 44—
84.

Vekiari S A, Oreopoulou V, Tzia C, Thomopoulos CDL993.0Oregano flavonoids as lipid
antioxidantsJ Am. Oil Chem So@0: 483-487.

Veskoukis A S, Kyparos A, Nikolaidis MG, Stage D, Aligiannis N, Halabalaki M, Chronis
K, Goutzourelas N, Skaltsounis L, Kouretas D2012. The antioxidant effects of a polyphenol-rich
grape pomace extract vitro do not correspond vivo using exercise as an oxidant stimulGsxid
Med Cell Longevdoi: 10.1155/2012/185867.

Vicente S J, Ishimoto E Y, Torres E A F S2014. Coffee modulates the transcription factd2Nr
and highly increases the activity of antioxidantyanes in rats] Agr Food Chenil2: 116-122.

Viel EC, Lemarié CA, Benkirane K, Paradis P, Schifrin EL. 2010. Immune regulation and
vascular inflammation in genetic hypertensidm J Physiol Heart Circ Physia?98(3):938-944.

Vinson JA, Yong H, Xuchi S, Zubik L1998. Phenol antioxidant quantity and quality iods:
Vegetables] Agr Food Chem46: 3630-3634.

187



References

Wali U, Binji A A, Ahmad K and Usman A2012. Lipid peroxidation and lipid profile in
hypertensive patients in Sokoto, Nigeiag J Basic Appl ScR0(3): 199-204.

Walker A F, Marakis G, Simpson E, Hope J L, Rohison P A, Hassanein M, Simpson H C
R. 2006. Hypotensive effects of hawthorn for patiewith diabetes taking prescription drugs: a
randomised controlled triaBritish J General Practices6(527): 437—-443.

Wang J, Yuan X, Jin Z, Tian Y, Song H.2007. Free radical and reactive oxygen species
scavenging activities of peanut skins extr&oiod Chem104: 242—-250.

Wang AN, Yi Y X, Yu HF, Dong B and Qiao &. 2009. Free radical scavenging activity of
Lactobacillus fermentum in vitrand its antioxidative effect on growing—finishiqigs. J Appl
Microbiol; 107, 1140-1148.

Wang S Y and Chen C T.2010. Effect of allyl isothiocyanate on antioxiti@anzyme activities,
flavonoids and post-harvest fruit quality of bluets (Vaccinium corymbosum., cv. Duke).Food
Chem,122: 1153-1158.

WangHP, LUuGF, ZzhangGL, LiXY, PengHY,LuH, Zhaol, Ye ZJ, BrucelC, Xia Q,
Qian L B. 2014. Endothelium-dependent and —independent agar¢ actions and mechanisms
induced by total flavonoids d&lsholtzia splendens rat aortasEnv Toxicol PharmacoB8:453-459.

Ward N C and Croft K D. 2006. Hypertension and oxidative str€im Exp Pharmacol Physiol,
33:872-876.

Webb R C.2003.Smooth muscle contraction and relaxatiddvan in Physiol Ed27:201-206.

Whitney E N and Rolfes S R2008. Understanding nutrition. (€d),Wadsworth Publishing.
pp.632.

Wilson D P, Sutherland C Walsh M P.2002. C&" Activation of smooth muscle contraction,
evidence for the involvement of calmodulin thab@und to the triton-insoluble fraction even in the
absence of G4 J Biol Chem,277(3), 2186-2192.

Wong D Z H, Abdul Kadir H, Ling S K. 2012. Bioassay-guided isolation of neuroprotective
compounds fronoranthus parasiticusgainst HO,-induced oxidative damage in NG108-15 cells.
Ethnopharmacql139: 256— 264.

Wu P, Ma G, Li N, Deng Q, Yin, Huang R2015. Investigation o vitro andin vivo
antioxidant activities of flavonoids rich extraebin the berries oRhodomyrtus tomentog@it.)
Hassk.Food Chem173: 194-202.

Xiao J, Chen T, Cao H2014. Flavonoid glycosylation and biological betseefiotechnol Ad\In
press). doi:10.1016/j.biotechadv.2014.05.004

Xu Y C,. Leung SW S, Yeung DKY, Hu LH, ChenG H, Che CM, Man R Y.2007.
Structure -activity relationships of flavonoids feascular relaxation in porcine coronary artery,
Phytochem68: 1179-1181.

Yadegarinia D, Gachkar L, Rezaei M B, TaghizadehM, Astaneh S A, Rasooli R006.

Biochemical activities of IraniarMentha piperitalL. and Myrtus communisL. essential oils.
Phytochemg7: 1249-1255.

188



References

Yang Q, Sun HY, Zhang L, XuLHu MY, Liu XY, ShiFY, Gu Z Y.2014. Antihypertensive
effects of extract from flower buds @oreopsis tinctoriaon spontaneously hypertensive r@tsn
Herbal Med 6(2): 103-109.

Ye Z W, Zzhang J, Townsend D M, Tew K D2014. Oxidative stress, redox regulation and
diseases of cellular differentiatioBiochim Biophy Actdln press)doi: 10.1016/j.bbagen.2014.11.010

Yen G C, Chang Y C, Su S W2003. Antioxidant activity and active compoundsrime koji
fermented withAspergillus Candidus. Food Che88:49-54.

Yu L L. 2001. Free radical scavenging properties of conjugatealdic acids.J Agr Food Chem.,
49(7): 3452-3456.

Zhang G, Zeng X, Han L, Wei J, Huang H.2010. Diuretic activity and kidney medulla AQP1,
AQP2, AQP3, V2R expression of the aqueous extrastlerotia ofPolyporus umbellatusRIES in
normal ratsJ Ethnopharmacal28:433-437.

Zhang C, Hu J J, Xia M, Boini K M, Brimson C, Li P L. 2010. Redox signaling via lipid raft
clustering in homo-cysteine-induced injury of pogles.Biochim Biophys Act&,803(4):482-491.

Zhou R and Li S.2009.In vitro antioxidant analysis and characterisation of antdvet extract.
Food Chem114: 1321-1327.

Zimmerman M C, Lazartigues E, Sharma R V, Davisson R L. 2004. Hypertension caused by
angiotensin Il infusion involves increased supestexproduction in the central nervous systélinc
Res,95(2):210-216.

Zin Z M, Abdul-Hamid A, Osman A. 2002. Antioxidative activity of extracts from Mengku
(Morinda citrifolia L.) root, fruit and leafFood Chem78:227-231.

Ziyyat A, Legssyer A, Mekhfi H , Dassouli A, 8rhrouchni M, Benjelloun W. 1997.
Phytotherapy of hypertension and diabetes in alébrocco.J Ethnopharmacolb8: 45-54.

189



Appendixes

Appendixes



Appendixes

Appendix A

@2
1590
Ez_“__,._,__
50 |
Hs0h
TR
2L} =
eVt =74
T
e
15644/
1oerL

L

eI e-
MrE-)
HIST
e
BT~
587
ey
6t -
WHT-y
Gt~
L7
forit 7
fuLe

S f— =

QLA E =
EHE—
IR E -
BN <~
ne

1Sl y—

b~
fikie-—

SH -

PPm

—_—

2.0

0.5

4.0
i
aﬂ:ﬁa
= [ —1 [ —-1

1.5

2

'H-NMR(500MHz,DMSO) spectrum of (+)- Catechin(0.5m).

=
e
=

L

3.5

4.5 4.0
i
5 =

L

[ ]

s
=
-—

]

5.0

191



Appendixes

5 28 585588  a3EEE
= W om u.ﬁfn‘n= :frf'u'-'.f.;'.’;
|| \ N L N

- ) - -I.r-.ll- -I-' .'.".- - B e .I.II . IL. _I| AL

I T ————— I

10,0 5.5 8.0 8.5 &8.0 7.5
b
[ ot Lo
e e

'H-NMR (500MHz, DMSO) spectrum of (+)- Catechin(8-ipm)

192



Appendixes

— 110437
- 1153805
-
- 1162T
BT
—— 55,8048
e () 516

120 1156 110 105 100 a5 20 ppm

13C-NMR(500MHz, DMSO) spectrum of (+)- Catechin (820ppm).

193



Appendixes

13,0804

- 157.0011
—— 156.6964
T {56.2005

=18 7e
T~ 1448300

| = ’ T e
165 160 155 150 145 140 135 130 ppm

13C-NMR(500MHz, DMSO#s) spectrum of (+)- Catechin(130-165ppm)

194



Appendixes

Appendix B
5 2 3 g
= T - e
— "'IL'— - ——— e e e —
| T ad ¥ g = = | T 1 T ] T e — - n ¥ T T
13,0 12.5 12.0 11.5 119 10.5 100 = o0 =2 et g
= = i =
=i = T | —

'H-NMR (500MHz, DMSO) spectrum of quercetin-3-O-a@dside(9- 13 ppm).

195



Appendixes

forrr

FRELE

s -,
TREE -

i
frorg
RiDER -
IS —
§NEy -
i}
o S
11
Pt B
By -

o
L
i
o3

sl
meFL .
betEL |
RAERL- )
{154
peoL -
e ¥
TEEL
BLRIE
L

5.0 4.5

5.5

5.5

—

BEl

'L

B

050

A5

{0

g

- |50

8o

'H-NMR (500MHz, DMSO) spectrum of quercetin-3-O-agiside (4.5-8 ppm).

196



Appendixes

BT,

ST N
BsE
BLEE

BLLVE
11 28Y
B -
i1 o A
ULt}

" ROHT o
WEL -
N
DISKT =
Wt
MILKE
v,
poss T

oy
WG -

| —

- e e e —

Ly

'H-NMR (500MHz, DMSO) spectrum of quercetin-3-O-agiside (2-4 ppm).

197



Appendixes

181, Bade
L
=R

“‘W ks i IM “"f’ 1 M*‘ﬁﬁ: v .*‘ i »ive’“ﬁ’“ b “P"ﬁ”l*’ & *‘1"“‘“?*‘? i

S
15:; 152 61 158 15? 155 155 ppm

3C-NMR (500MHz, DMSO) spectrum of quercetin-3-Oagiside(155-163 ppm).

198



Appendixes

L} I?l- = E'-rn F= = o ]
683 Zmz EEad 3F
HEE Egg Ercs 989
I = ) . i 1 I —u] ¥ | [ | . | —
200 180 160 140 120 100 {=4] &0 40 20 0 ppm

DEPT 90 (500MHz, DMSO) spectrum of quercetin-3j@acoside.

199



Appendixes

Appendix C

SESCgESSEanNSSESRE: % = B E 5 5 Ex3 2 =8
BESEISSETEISESS3ERY 0§ E B = = g HEZ S &R
LR A Y I P e P~ A I VLY

ap as 3.0 5 ' X ' '
_.H"m"J L—__ =" '—‘——.__h ——I——__ _——
TR = 1= = =
'H-NMR (500MHz, DMSO) spectrum of myricetin — 3- @- rhamnoside (0.5-4ppm).

200



Appendixes

= £33 22 3 £ 3 i F
r— o x5 m=in R -1 - o = - -
a4 ¥ % | | |
| |
T
I |
. If |
i —r——— ' — ] i
7.0 6.5 B0 5.5 5.0
oo e =l —— R = =
g 5| 5| -
-— = P= = [=1

'H-NMR (500MHz, DMSO) spectrum of myricetin — 3- ®- rhamnoside (4 -7 ppm).

201

— 46334

EEEZ 29
= v w3 e el
AN f 'I Il'
|
|
4.0 ppm
= E .



Appendixes

$5EE 338 IgEEY  E
g2 2381 355l &
| 1 N ~ |

| ] T

] 1 T
200 180 160 140 120 100 80 60 40 20 pRpm
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HMBC(500MHz, CDC}) spectrum of 5-isopropyl-3-methylphenol
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HMQC (500MHz, CDCJ) spectrum of 5-isopropyl-3-methylphenol
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Abstract

The present study aimed to analyze chemically aatlate the hypotensive, diuretic and the aidinxt activities of Crataegus
azarolus (CA), Myrtus communis (MC) and Origanum glandulosum (OG) which are widely used as natural remedy f
hypertension in the Algerian folk medicindn vitro antioxidant potential of methanolic extract (M&)d its three fractions:
Chloroform (CHE), ethyl acetate (EAE) and water E)extracts has been investigated using sevasahys. Chemical analysis of
EAE of selected plants revealed the isolationfiseé compounds; two flavonoids from Qg+) - catechin and hyperoside), one
flavonol glycoside from MC(myricetin -3-O-rhamnoside), one flavanone (katimy and one monoterpene (5-isopropyl-3-
methylphenol) from OGThe quantification of polyphenols and flavonoiti®wed that EAE from the three studied plants coeti
the highest amount of polyphenols. However, CHE; @B E-OG and EAE-CA contained the highest amofifiawonoids. EAE
from CA, MC and OG exhibited the highest activityscavenging DPPH, ABTS and hydroxyl radicals eetlicing power test;
whereas, ME and AqE exhibited higher chelatingvitgtithan CHE and EAE. Inhibition of lipid peroxation was performed
using theB-carotene bleaching assay, ferric thiocyanate ogkthnd thiobarburic acid method. CHE-MC, CHE-O@ &#fE-CA
were found to be the strongest inhibitors of lipieroxidation in the three methods. Intravenousiattration of ME and EAE
decreased the mean arterial blood pressure inthatized rats dose-dependently, at the dose rah@etdo 12 mg/kg, and the
strongest hypotensive effect was noticed for CAe dhuretic activity of ME (100, 300 and 600mg/keas assessed orally in rats.
The results showed that only CA and OG produceihe@ase in urine output and the urinary excretibNa” and Cl. The present
study also assessed the effect of administratioivif (100 and 200mg/kg) in rats for 14 days oaspia antioxidant capacity
(PAC) and oxidative stress biomarkers in liver &itbhey. It was found that extracts caused elewatf PAC and enhancement of
antioxidant status in liver and kidney. These rssalearly indicate that these plants can be used laypotensive agent and as a
protective shield against numerous free-radicaliated diseases.

Key words: Crataegus azarolus, Myrtus communis, Origanum glandulosum, phytochemistry, polyphenols, antioxidant,
hypertension.

Résumeé

L'objectif de cette étude est I'analyse phytoching@cet I'évaluation des effets hypotensifs, diupdtis et I'activité antioxydante de
Crataegus azarolus (CA), Myrtus communis (MC) et Origanum glandulosum (OG) qui sont largement utilisées en médecine
traditionnelle Algérienne dans le traitement dg/iertension. Le potentiel antioxydant de I'extnaéthanolique (EM) et ses trois
fractions; [I'extrait de chloroforme (ECH), I'exitad’acétate d’éthyle (EAE) et I'extrait aqueuxA&) a été étudién vitro en
utilisant plusieurs techniques. L'analyse phytoitue d’EAE a permis d'identifier 5 molécules; ddlavonoides ont été isolés de
CA ((+) - catéchine et I'hyperoside), un flavonole agigylé (myricétine -3-O-rhamnoside) a été isolé Mg, un flavanone
(katuranine), et un monoterpéne (5-isopropyl-3-yigtiénol) ont été isolés d’ OG. La quantificatides polyphénols et des
flavonoides a montré que I'extrait EAE de troiantés étudiées est le plus riche en polyphéBasendant, les extaits ECH-MC,
ECH-OG et EAE-CA ont présenté le contenu le pilewvé des flavonoides. L'EAE présente une actigitéoxydante trés
importante en utilisant le test de piégeage degcamd de DPPH, d’ABTS et d’hydroxyle, et le test douvoir réducteur.
Cependant, 'EM et I' EAq présentent une activighélatrice plus élevée que celle de 'ECH et 'EAEinhibition de la
peroxydation lipidique a été évaluée par les tekis blanchissement d@-caroténe, de thiocyanate ferrique et d'acide
thiobarburique. Les extraits ECH-MC, ECH-OG et EGE ont révélé I'inhibition la plus puissante daoss trois méthodes.
L'administration intraveineuse de 'EM et 'EAE 40a 12 mg/kg) a diminué la pression artérielle @migre dose dépendante chez
les rats anesthésiés, mais I'effet hypotensifus fort a été noté pour la plante CA. L'activitardtique de I'EM (100, 300 et 600
mg/kg) évaluée chez les rats a prouvé que seuaenCA et OG qui ont produit une augmentationvdlume d’urine et de
I'excrétion urinaire de N&et Cl". En outre, l'activité antioxydante des planteséaégaluéén vivo par 'administration de 'EM (100
et 200mg/kg) chez les rats pendant 14 jours. L&siexont entrainé une augmentation de la capacitioxydante plasmatique et
'amélioration du statut antioxydant dans le fetde rein. Ces résultats fournissent une basettfaiee pour l'usage de ces plantes
comme un agent hypotensif et protecteur contneotiebreuses maladies associées au stress oxydant.

Mots clés :Crataegus azarolus, Myrtus communis, Origanum glandulosum, phytochimie, polyphénols, antioxydant, hypertensi
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