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Introduction

Introduction
Butz and du Vigneaud discovered homocysteine (Hcy) in 1932 when they heated methionine in
sulfuric acid and got a substance with properties similar to cysteine, which they termed

"homocysteine ", because it was a homolog of cysteine (Tsiami and Obersby, 2017).

McCully first proposed the homocysteine "hypothesis of arteriosclerosis™ in 1969 after observing
early atherothrombosis of the peripheral, coronary, and cerebral vasculature in infants with
homocystinuria during autopsies (Kaul et al., 2006).

Homocysteine is a sulfur amino acid. Its metabolism consists of two pathways, remethylation
pathway to methionine, which requires folate and vitamin B12, and a transsulfuration pathway to
cystathionine, which needs vitamin B6 (Selhub, 1999). The main function of Hcy in human bodies is
to act as a biochemical intersection between methionine metabolism and the biosynthesis of cysteine,

which plays various important roles in human bodies (Mishra, 2016).

Hyperhomocysteinemia (HHcy), characterized by an increase in the plasma level of Hcy, is a
disorder that causes widespread hazards to human health (Zhang et al., 2005). HHcy is related with
cardiovascular disease, atherosclerosis and reactive oxygen (Mendes et al., 2014), hepatic lesions

and abnormal lipid metabolism (Latour et al., 2015).

Several researches has found that hyperhomocysteinemia influence on carcinogenesis which is
related to low folate levels and other vitamin B deficiencies produced by the exact metabolic

mechanisms that cause hyperhomocysteinemia (Kathpalia et al., 2022).

Cellular defense against reactive oxygen species (ROS) is carried out by intracellular systems, such

as antioxidant enzymes or decreasing agents like vitamin C (Filip et al., 2010).

Reactive oxygen species (ROS) cause cellular aging, mutagenesis, carcinogenesis, and coronary
heart disease. This is likely due to destabilization of membranes, DNA and protein damage, and low-
density lipoprotein (LDL) oxidation (Heim et al., 2002).

HHcy produces a rise in the creation of H202 and a reduction in the activity of the main antioxidant
enzymes, glutathione peroxidase, superoxide dismutase, and catalase, thus promoting the generation

of oxidative stress (Rodrigo et al., 2003).

Many studies have demonstrated that several phenolic antioxidant and plant extracts like coffee,
catechin, and chlorogenic acid reduce plasma Hcy levels (Nygard et al., 1997; Noll et al., 2011,

Kim et al, 2012; Noll et al, 2013), plants were an essential source of new
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pharmacologically active compounds until recently, therefore many blockbuster medications are

directly or indirectly derived from plants (Veeresham, 2012).

Astragalus armatus Willd (Fabaceae), popularly known as "ketad," is endemic species in Algeria. In
addition, the aerial parts of A. armatus contain number of bioactive compounds including flavonol
glycosides and triglycoside such as narcissin, nikotiflorin, and mauritianin. A new acylated flavonol
triglycoside, was isolated from the aerial parts of A. armatus as well as ten known compounds, one
phenolic compound, one flavonol-aglycone and eight flavonol-glycosides (Khalfallah et al., 2014).
The flavonoid isorhamnetin was obtained from ethyl acetate extract of A. armatus which indicated
the highest antioxidant activity in DPPH, ABTS and CUPRAC assays, and the n- butanol fractions
led to the isolation of six compounds (four flavonoids including two triglycosyles, a saponin and a
cyclitol) (Labed et al., 2016).

The main objectives of this thesis are:

v Induce hyperhomocysteinemia by administration of high dose of L-methionine (400 mg/kg), in
an in vivo animal;

v' Examine the effect a high dose of L- methionine (400 mg/kg) on some biochemical
parameters such as plasma Hcy, triglycerides (TG), Total cholesterol (Tch), low density
lipoprotein (LDL-c), high density lipoprotein (HDL-c), reduced glutathione (GSH), and
catalase (CAT) in vivo;

v Examine the effect of a high dose of L-methionine (400 mg/kg) on different sections of aorta,
heart and liver;

v Evaluate the protective effect of ethyl acetate (EtOAc) extract of A. armatus plant (100
mg/kg) on the plasma Hcy, lipid status, antioxidant status (GSH and CAT) on
hyperhomocysteinemia caused by the high dose of L-methionine (400 mg/kg);

v Evaluate the protective effect of (EtOAc) extract of A. armatus (100 mg/kg) on histological
abnormalities of aorta, heart and liver caused by the high dose of L-methionine (400
mg/kg);

v Evaluation of antioxidant activity of n-butanol (n-BuOH) extract of A. armatus in vitro;

v Evaluation of antiproliferative activity of (n-BuOH) extract of A. armatus on HelLa cells (human
cervix carcinoma) and C6 cells (rat brain tumor).
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1. Homocysteine

1.1 Definition of homocysteine

Homocysteine (Hcy) is a sulfur amino acid discovered in 1933 by Du Vigneaud and which is not
involved in protein synthesis (Pellanda, 2012), obtained from metabolism of essential aminoacid and
obtained via diet in our body (Kathpalia et al., 2022), structurally, it closely resembles methionine

and cysteine; all three amino acids contain Sulfur (Celik et al., 2017).

Figure 01. Forms of homocysteine in the blood (Kathpalia et al., 2022).

Intracellular homocysteine is secreted at high concentrations and metabolized by one of the two

pathways: remethylation or transsulfuration (Figure 02) (Kathpalia et al., 2022).

Hcy is the principal factor related or implicated in a several metabolic pathologies such as
atherosclerosis, thrombosis, diabetes, alzheimer, cerebral, and cardiovascular diseases (Donald,

1998; Van Dam et al., 2009; Buysschaert et al., 2007).
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Figure 02. Homocysteine mechanism of breakdown (Hasan et al., 2019).

1.2. Structure and forms of homocysteine

Homocysteine is the term for both the sulfhydryl or reduced form and the disulfide or oxidized form.
Both cysteine and proteins containing reactive cysteine residues have disulfide forms (protein- bound
homocysteine). The latter oxidized forms are referred to as mixed disulfides (Figure 02) (Donald,
1998). The plasma contains homocysteine in four different forms: free homocysteine (1%),
homocysteine disulfide (10%), mixed homocysteine-cysteine disulfide (10%), and the protein-bound
form (80%) (Kang and Rosenson, 2018) (Table. 01).

Table 01: Constituents of total plasma homocysteine and percentage of composition (Donald, 1998).
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1.3. Metabolic pathway of homocysteine

It is important to note that methionine is the only source of homocysteine, homocysteine is a point of
junction of two pathways: the methionine cycle (remethylation pathway) and the transsulfuration
sequence (transsulfuration pathway) (Figure 02) (Selhub, 2008), remethylation to methionine, which
needs folate and vitamin B12 (or betaine in an alternative reaction); and transsulfuration to
cystathionine, who needs pyridoxal-5'-phosphate (Selhub, 1999). This reaction mainly takes place in
the liver and to a smaller extent in the kidney and probably in the brain (Miller, 2013).

1.3.1. Remethylation pathway

Under conditions of low protein intake, homocysteine is metabolised firstly by one of two
methionine protecting remethylation pathways (Finkelstein, 1998). In remethylation, homocysteine
acquires a methyl group from N-5-methyl-tetrahydrofolate (MTHF) or from betaine to form
methionine. The reaction with MTHF occurs in all tissues and is vitamin B12-dependent, while the
reaction with betaine is confined mainly to the liver and is vitamin B12-independent. A considerable
proportion of methionine is then activated by ATP to form S-adenosylmethionine (SAM). SAM
serves primarily as a universal methyldonor to a variety of acceptors including guanidinoacetate,
nucleic acids, neurotransmitters, phospholipids, and hormones. S-adenosylhomocysteine (SAH), the
by-product of these methylation reactions, is subsequently hydrolyzed, thus regenerating
homocysteine, which then becomes available to start a new cycle of methyl-group transfer (Figure
03) (Selhub, 2008).

1.3.2. Transsulfuration pathway

When the remethylation pathway is saturated, or when cysteine is required, homocysteine is
converted to cystathionine (and then cysteine) by cystathionine B-synthase (CPS) (Finkelstein,
1998). In the transsulfuration pathway, homocysteine condenses with serine to form cystathionine in
an irreversible reaction catalyzed by the pyridoxal-5'-phosphate (PLP)-containing enzyme,
cystathionine B-synthase (CPS). Cystathionine is hydrolyzed by a second PLPcontaining enzyme,
gamma-cystathionase, to form cysteine and alpha-ketobutyrate. Excess cysteine is oxidized to taurine
and inorganic sulfates or excreted in the urine. Thus, in addition to the synthesis of cysteine, this
transsulfuration pathway effectively catabolizes excess homocysteine which is not required for
methyltransfer, and delivers sulfate for the synthesis of heparin, heparan sulfate, dermatan sulfate,
and chondroitin sulfate. It is important to note that since homocysteine is not a normal dietary

constituent, the sole source of homocysteine is methionine (Figure 03) (Selhub, 2008).
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Figure 03. Metabolism of homocysteine (Kathpalia et al., 2022).

1.4. Metabolic regulation

The distribution of substrate between competing reactions at two metabolic sites is the mechanism
for the regulation of homocysteine (Finkelstein, 1990). The ultimate source of homocysteine is
dietary methionine. In remethylation, homocysteine acquires a methyl group from N-5-
methyltetrahydrofolate or from betaine to form methionine. The reaction with N-5-
methyltetrahydrofolate occurs in all tissues and is vitamin B12 dependent, whereas the reaction with
betaine is confined mainly to the liver and is vitamin B12 independent (Selhub, 1999). Methionine is
first activated by the addition of an adenosyl group (from adenosine triphosphate) to form S-
adenosylmethionine(SAM), Aproduct of all SAM-dependent methylation reactions is S-
adenosylhomocysteine(SAH),which in turn is metabolized to form adenosine and homocysteine.
(Miller, 2013).

In the transsulfuration reaction, methionine is converted to homocysteine which irreversibly
condenses with serine to form cystathionine. This reaction is catalyzed by the B6-dependent enzyme
cystathionine B-synthase (CBS). Cystathionine is hydrolyzed to cysteine by the enzyme y-
cystathionase (Roblin, 2007). In the remethylation reaction, methionine is converted to
homocysteine which irreversibly condenses with serine to form cystathionine. This reaction is
catalyzed by the B6-dependent enzyme cystathionine B-synthase (CpBS). Cystathionine is hydrolyzed
to cysteine by the enzyme y-cystathionase (Guba et al., 1996).

6
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An addition al level of control on homocysteine metabolism is exerted by oxidative stress, which
reduces methionine synthase activity. This may occur by oxidative in activation of the vitaminB12
cofactor or by the oxidation of cysteine residues that are important for zinc binding. By inhibiting
methionine synthase, oxidative stress tends to divert homocysteine toward cystathionine synthesis
away from methionine synthesis. This serves to increase the synthesis of glutathione, a product of
homocysteine metabolism through the transsulfuration pathway and an important intracellular
antioxidant (Miller, 2013).

2. Cardiovascular system

It is a closed circuit of vessels that permits the life of each cell in the human organism and in all
mammals. The blood is kept in continuous motion from the left heart, via the aorta, arteries,
arterioles, capillaries, venules, veins, vena cava, to the right heart, through the pulmonary artery to
the lungs, and finally, through the pulmonary vein, back to the left heart (Figure 04) (Stefanovska,
1999).

Figure 04. Blood circulates through the cardiovascular system (Stefanovska, 1999).
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2.1. Heart

The heart is the pump that distributes blood throughout the body. In humans, all minutes, 5 liters of
blood are pumped from the heart and passed through the blood vessels to irrigate all tissues and
organs of the body (Ghandour, 2013); it receives deoxygenated blood from the body, sends it to the
lung, receives oxygenated blood from the lungs, and then pumps the oxygenated blood throughout
the body (Arackal and Alsayouri, 2022). The heart is situated in the chest, directly above the
diaphragm, in the area of the thorax known as the mediastinum, especially the middle mediastinum
(Shah et al., 2009); the heart is separated into four distinct chambers, each with a varied thickness of
muscle walls. Small chambers with thin walls, the left atrium (LA) and right atrium (RA), are
situated directly above the left ventricle (LV) and right ventricle, respectively. Most of the work is
performed by the ventricles, which are larger chambers with thick walls (Figure 05) (Edwards,
1984).

Figure 05. The human heart anatomy and blood flow (Bamalan et al., 2022).
2.1.1. Histological structure of the heart

The base of the heart contains a highly dense structure known as the fibrous or cardiac skeleton. The

fibrous skeleton has several functions, including providing a solid framework for cardiomyocytes,
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anchoring the valve leaflets, and acting as electrical insulation separating the conduction in the atria

and ventricles (Saremi et al., 2017).

The wall of the heart is composed of three layers, which are in order: The epicardium is the external
lining of the heart chambers and is formed by the visceral layer of the serous pericardium. The
intermediate layer of the heart, known as the myocardium, is composed of three distinct layers of
muscle; the endocardium is the innermost layer of the heart and is composed of the endothelium and

sub-endothelial connective tissue (Shah et al., 2009).

The wall of the heart separates into the following layers: epicardium, myocardium, and endocardium.
These three layers of the heart are embryologically equivalent to the three layers of blood vessels:
tunica adventitia, tunica media, and tunica intima, respectively, a double-layer, fluid-filled sac known
as the pericardium surrounds the heart (Arackal and Alsayouri, 2022); the epicardium comprises
the visceral pericardium, underlying fibro-elastic connective tissue, and adipose tissue (Rodriguez
and Tan, 2017). The myocardium is the thickest wall of the heart. It is structured in the form of
myocardial trabecular made up cardiac muscle cells anastomosed between these spans (Schaffler et
al., 2004). The endocardium is constituted of the endothelium and a layer of subendothelial
connective tissue, the subendocardium is located between the endocardium and the myocardium and

contains the impulse-conducting system (Figure 06) (Arackal and Alsayouri, 2022).

Figure 06. Histological structure of the heart (Net 1).
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2.2. Blood vessels

The peripheral vascular system (PVS) consists of all blood vessels found outside of the heart. The
peripheral vascular system is divided into several categories: The aorta and its branches (arteries), the

arterioles, the capillaries, the venules and veins (Figure 08) (Tucker et al., 2021).
2.2.1. Arteries

There are two main types of arteries found in the body: the elastic arteries, and the muscular arteries.
Muscular arteries contain more smooth muscle cells in the tunica media layer than the elastic arteries.
Elastic arteries are those nearest the heart (aorta and pulmonary arteries) that contain much more
elastic tissue in the tunica media than muscular arteries (Tucker et al., 2021). Arteries are formed of
an internal endothelium (tunica intima) covered by internal elastic tissue, a smooth muscle cell layer
(tunica media), external elastic tissue, and fibrous connective tissue (tunica adventitia) (Cleaver and
Krieg, 1999).

Figure 07. Anatomy of resistance arteries (Martinez-Lemus, 2012).
2.2.2. Arterioles

Arterioles are the blood vessels in the arterial side of the vascular tree that are located proximal to the
capillaries and, in conjunction with the terminal arteries, provide the majority of resistance to blood
flow (Martinez- Lemus, 2012). Arterioles are important vital hemodynamic regulators because they

contribute to the upstream pressure and the regional distribution of blood and provide around 80%
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of the total resistance to blood flow through the body (Christensen and Mulvany, 2001;
Meininger et al., 1984).

2.2.3. Capillaries

Capillary walls are only one endothelial cell in thickness and have no elastic, muscle, or fibrous
tissue (Gavaghan, 1998), the exchange of nutrients and metabolites starts primarily via diffusion
because of the thin walls of the capillary. Blood flow via capillaries is regulated by the arteriolar
lumen (Tucker et al., 2021). Each capillary has an arterial end and a venous end. At the arterial end,

oxygen and nutrients are forced into the tissues, and the venules at the venous end collect cellular
wastes and carbon dioxide (CO) (Gavaghan, 1998).

2.2.4. VVenules

Venules, the smallest veins, receive blood from the capillaries and convey it to larger vessels that
increase in size as they travel from the tissues to the heart (Gavaghan, 1998). Additionally, they play
a role in the exchange of oxygen and nutrients for water products. Between capillaries and venules,

there are post-capillary sphincters; the venule is very thin-walled and easily prone to rupture with

excessive volume (Tucker et al., 2021).

2.2.5. Veins

The venous wall is thinner than the arterial wall and has a lower tone than the arterial wall
(Maggisano and Harrisson, 2004), this feature permits the veins to hold an extremely high
percentage of the blood in circulation. The venous system can accommodate a high blood volume at
low pressures, known as high capacitance (Tucker et al., 2021). Veins contain three layers as well
(tunica intima, tunica media and tunica adventitia); however, there is only a thin layer of smooth
muscle and few elastic fibers in the tunica media of a vein. Veins have valves consisting of pocket-

like flaps that help blood flow return to the heart and stop backflow (Figure 08) (Gavaghan, 1998).
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Figure 08. The different types of blood vessels and their layers (Net 2).
2.3. Histology of blood vessels

The artery and vein walls are composed of three layers: the tunica externa (tunica adventitia), the
tunica media is the intermediate layer of the vessel wall and the tunica intima is the innermost layer
of the vessel wall (Figure 08) (Taylor et al., 2022).

2. 3. 1. Histological structure of the aorta

The aorta is one of the elastic/conductive arteries which have the largest diameter and the greatest
elasticity; they are large caliber vessels, with a round lumen, and whose wall is relatively thin. We
classically distinguish three concentric layers of cells, from the lumen to the periphery: the intima,
the media and the adventitia (Hill et al., 1989).
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2.3.1.1. Intima

The intima is the internal tunic, composed mainly of collagen and a continuous monolayer of
endothelial cells, it rests on a thin layer of connective tissue called the basal lamina. The latter is it
supported by an elastic lamina called the internal elastic lamina, acting as a boundary between the
endothelium and the extracellular matrix (ECM) of the media (Hill et al., 1989; Dadoune et al.,
1990).

2.3.1.2. Media

The media is the middle tunic, and the thickest of the arterial wall, made up of smooth muscle cells
(SMC) and an ECM rich in elastin and collagen fibers, it is delimited by two elastic borders; an
internal elastic blade on the side of the vascular lumen and an external elastic blade. This layer is
considered the active part of the artery (elasticity, modification of caliber, etc.) (Hill et al., 1989;
Dadoune et al., 1990).

2.3.1.3. Adventitia

The adventitia is the outer tunic. It is made up of loosely organized connective tissue, rich in collagen
and elastic fibers, and containing fibroblasts, adipocytes, immune cells, nerve endings and vasa
vasorum (feeding vessels). It ensures the anchoring of the arteries to the surrounding structures (Hill
et al., 1989; Dadoune et al., 1990).
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Figure 9. Anatomy and histology of the thoracic aorta (Fletcher et al., 2020).

3. Hyperhomocysteinemia

3.1. Definition

Hyperhomocysteinemia, defined as an elevated concentration of homocysteine inthe fasting state or
after methionine loading (Van Der Griend et al., 1998). Between fasting individuals, "Normal" tHcy
levels are typically between 5 and 15 pumol/L, and higher fasting levels are arbitrarily classed as
moderate (16-30), intermediate (31-100), and severe (>100 pmol/L) hyperhomocysteinaemia
(Hankey and Eikelboom, 1999).

The appearance of Hyperhomocysteinemia indicates that homocysteine metabolism has been
disrupted in some way and that the export mechanism is disposing of excess homocysteine in the
blood (Selhub, 2008).
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3.2. Factors influencing plasma total homocysteine level

3.2.1. Inherited

Hyperhomocysteinemia is caused by inherited deficiencies of enzymes in the methionine
homocysteine pathway, the two most frequently affected being (CBS) and 5, 10
methylenetetrahydrofolate reductase (MTHFR) (Haynes, 2002).

Severe increases in plasma homocysteine are detected in individuals with homozygous genetic
defects affecting cystathionine B-synthase (CBS), the gene for this enzyme is inherited in an
autosomal recessive fashion and demonstrates observed genetic heterogeneity (Rees,1993),
hyperhomocysteinemia can also be caused by deficiencies of enzymes in the remethylation pathway
(Rees and Rodgers, 1993). MTHFR or any of several enzymes are responsible for converting
vitamin B12 into its methionine synthase-associated cofactor form, these autosomal recessive genetic
disorders (Miller, 2013), homozygous deficiency of this enzyme occurs in the general population at a
rate of around one-tenth that of (CBS) deficiency (Skovby, 1989).

3.2.2. Acquired

Hyperhomocysteinemia is caused by dietary insufficiency or malabsorption of folate, vitamin B12, or
vitamin B6 (Pancharuniti et al., 1994; Rimm et al., 1998). Vitamin B6 deficiency may result in
reduced activity of CBS (Rimm et al., 1998).

Certain medications can interfere with normal Hcy metabolism, several of these medication effects
are due to secondary functional vitamin deficiencies (Stipanuk, 2004). Old age, male sex, smoking,
high blood pressure, elevated cholesterol, and lack of exercise are all associated with elevated tHcy
levels (Nygard et al., 1995); hyperhomocysteinemia has also been related to zinc insufficiency,

leukemia, psoriasis, and antifolate medications (Table. 02) (Ueland and Refsum, 1989).
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Table 02: Causes of elevated plasma homocysteine levels (Keebler et al., 2001).

3.3. Therapy of hyperhomocysteinemia

The combination of the three vitamins (folie acid, vitamin B-12 and vitamin B-6) reduced circulating
homocysteine concentrations by 49.8% (Ubbink et al., 1994), one strategy for lowering
homocysteine levels is to facilitate homocysteine catabolism to cysteine through the transsulfuration

pathway (Rees and Rodgers, 1993).

Analytical techniques for treating hyperhomocysteinemia are reviewed in which stepwise
administration with 5-methyltetrahydrofolate (5- MTHF) dietary dosages, and based on clinical and
laboratory evaluations, betaine is provided singly or in combination (Kang and Rosenson, 2018).
Penicillamine treatment may be beneficial for Non-responsive patients; penicillamine decreases
homocysteine levels by forming a mixed disulfide with the free thiol (homocysteine penicillamine

MDS) which may increase renal excretion (Ueland and Refsum, 1989; Kang et al., 1982).
4. Pathologies associated with homocysteine

4. 1. Hyperhomocysteinemia and cardiovascular diseases

Cardiovascular disease (CVD) is the main cause of death in the United States and most Western
countries (Donald, 1998). In 1964, the association of homozygous homocysteinemia to vascular
16
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disease and thrombosis was first described pathologically (Gibson et al., 1964), the risk of
cardiovascular disease has been associated with higher blood Hcy levels (Peng et al., 2015).
Atherosclerosis is the main predominant pathology of cardiovascular disease (Gerdes, 2005),
hyperhomocysteinemia is a risk factor for atherosclerotic vascular disease, and it is associated with
endothelial dysfunction (Sydow et al., 2003).

4.1.1. Atherosclerosis

Arteriosclerosis is described as chronic inflammatory damage to the arterial intima with elevated
plasma permeability (Schaffer et al., 2014), it is characterized by a thickening of the arterial wall due
to smooth muscle cell proliferation, lipid deposits, and fibrosis (Davies, 1996). The hallmark of
atherosclerosis is the atherosclerotic plaque, which contains lipids (intracellular and extra cel-lular
cholesterol and phospholipids), inflammatory cells (e.g., macrophages, T-cells), smooth muscle cells,
con-nective tissue (e.g., collagen, glycosaminoglycans, elastic fibers), thrombi, and calcium deposits.
Homocysteine is known as an independent risk factor for atherosclerosis (Tayal et al., 2011). The
correlation between hyperhomocysteinemia and atherosclerotic disease was first proposed more than
40 years ago. It was first identified by McCully in 1969 (Pang et al., 2014).

Arteriosclerotic plaques were found in the aorta and arteries of rabbits givenhomocysteine
thiolactone, methionine or homocysteic acid, both parenterally and in a synthetic diet (Ganguly,
2015). Baboons receiving homocysteine intravenously produce endothelial desquamation, increased
consumption of platelets, and typical arteriosclerotic plaques are composed of diffuse fibrous plaques
containing hyperplastic smooth muscle cells, elastic fibers, collagen, and glycosaminoglycans
(McCully and Wilsson, 1975). Choline deficiency produces hyperhomocysteinemia because of
reduced remethylation of homocysteine to methionine, which explains the origin of arteriosclerotic

plaques in these animals (Harker et al., 1976).

In vascular endothelial cells, homocysteine inhibits DNA synthesis and stops cell development in the
G1 phase of the cell cycle (Rinehart and Greenberg, 1949). Additionally, homocysteine stimulates
the MAP kinase signal transduction pathway and the induction of C-fos and C-my genes, which
causes mitogenesis in vascular smooth muscle cells (Starkebaum and Harlan, 1993). Increased
homocysteine level may cause hyperlipidemia by competing with PPAR ligands, like fibrates which
are known to catabolise VLDL and triglycerides (Upchurch et al., 1997). Homocysteine promotes
the binding of lipoprotein to fibrin and the growth of smooth muscle cells, and tHcy levels correlate
with levels of fibrinogen, an independent risk factor for atherosclerotic vascular disease (James et
al., 1998).
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In addition, certain byproducts of homocysteine metabolism, such as homocysteine thiolactone, react
with LDLto form aggregates that are taken up by macrophages. These macrophages are incorporated
into foam cells in early atherosclerotic plaques. After incorporation, homocysteine thiolactone
acylates proteins and enhances oxidation in the vessel wall, promotes DNA synthesis and
proliferation of vascular smooth muscle cells, and inhibits DNA synthesis in endothelial cells, thus

further accelerating the development of atherosclerotic plaques (Temple et al., 2000).

Homocysteine has been found to induce the expression of macrophage lipoprotein lipase (LPL) both
at the transcription and translation level presumably via PKC activation. LPL is the major lipolytic
enzyme involved in hydrolysis of triglycerides in lipoproteins. It is secreted by macrophages in
atherosclerotic lesions and macrophage LPL produced in the vascular wall acts as a pro-atherogenic
protein (Sharma et al., 2006). Hyperhomocysteinemia-related atherosclerosis mostly results from
endothelial cell damage, platelet pathologic alterations have also been implicated in the disease
(Figure 10) (Temple et al., 2000).
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Figure 10. The causes of hyperhomocysteinemia (HHcy) and the mechanism of homocysteine (Hcy)—mediated
endothelial cells (ECs) injury and its consequences for atherosclerosis
(Essouma and Noubian, 2015).
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4. 1. 2. Endothelial dysfunction
Endothelial dysfunction can be described as an imbalance between vasodilator and vasoconstrictor
produced by the endothelium, and it has been regarded as the core systemic pathological status in the
process of atherosclerosis and CVD (Lai and Kan, 2015).

Figure 11. Effect of homocysteine on endothelial activation and the adhesion and transmigration of

leukocytes to and through the vascular endothelium (Papatheodorou, 2007).

When excess homocysteine is present and homocysteine metabolism becomes deregulated, a major
byproduct is homocysteine thiolactone, which reacts with lowdensity lipoprotein (LDL) to form
LDL-homocysteine thiolactone aggregates. These are taken up by macrophages and subsequently

incorporated into foam cells in early atherosclerotic plaques (Welch et al., 1997).

Hyperhomocysteinemia is related with endothelial dysfunction, mechanisms responsible for
endothelial dysfunction in hyperhomocysteinemia may be caused by decreased bioavailability of NO,
perhaps secondary to accumulation of the endogenous NO synthase inhibitor asymmetric

dimethylarginine (ADMA) and augmented oxidative stress (Sydow et al., 2003).

The potential mechanisms by which elevated plasma homocysteine level leads to reduction in nitric
oxide bioavailability include the disruptive uncoupling of nitric oxide synthase activity and
qguenching of nitric oxide by oxidative stress, the enzymatic inhibition by asymmetric
dimethylarginine, endoplasmic reticulum stress with eventual endothelial cell apoptosis, and chronic

inflammation/prothrombotic conditions (Figure 12) (Lai and Kan, 2015).
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Figure 12. Mechanisms of homocysteine-induced endothelial dysfunction ((Lai and Kan, 2015).
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4.2. Hyperhomocysteinemia and hepatic disease

Liver plays an essential role in homocysteine metabolism (Liu et al., 2010). Hyperhomocysteinemia
causes a variety of clinical manifestations, notably liver damage; homocysteine is thought to be
pathogenic because it can cause oxidative stress (Noll et al., 2011). In the liver of rats with
hyperhomocysteinemia, lipid peroxidation increased while total thiol content and antioxidant

defenses were reduced.

Histological examination of liver tissue sections from hyperhomocysteinemic rats indicated the
presence of an inflammatory infiltrate, fibrosis, and decreased content of glycogen/glycoprotein
(Matte” et al., 2009). We have observed a marked reduction in the expression of the main genes
involved in homocysteine metabolism in liver cirrhosis. In addition, Hcy-induced 1a (I) procollagen
expression in the hepatic stellate cell (Garcia-Tevijano et al., 2001). After receiving a diet rich in
methionine, inflammatory reactions, microvesicular steatosis, and hepatocyte degradation were
observed in the liver (Yalcinkaya et al., 2009). While hyperhomocysteinemia promotes

mitochondrial oxidative stress and pro-apoptotic signals in the liver of CBS-deficient mice, a murine

model of hyperhomocysteinemia, protective mechanisms may counteract these pro-apoptotic signals,

causing chronic inflammation (Hamelet et al., 2009).

Hyperhomocysteinemia decreased antioxidant defenses and total thiol content, and increased lipid
peroxidation in liver of rats. Histological analysis indicated the presence of inflammatory infiltrate,
fibrosis and reduced content of glycogen/glycoprotein in liver tissue sections from

hyperhomocysteinemic rats (Matte” et al., 2009).

In the case of hyperhomocysteinemia (HHcy), down-regulated miR-212-5p particularly upregulates
PSMD10 expression in hepatocytes. PSMD10 then activates ER stress through interacting with
GRP78 and facilitates apoptosis of hepatocytes, by which Hcy induces liver damage (Figure 13)
(Xiao et al., 2021).
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Figure 13. Interaction between PSMD10 and GRP78 accelerates endoplasmic reticulum stress-
mediated hepatic apoptosis induced by homocysteine (Xiao et al., 2021).

4.3. Hyperhomocysteinemia and carcinogenesis

Homocysteine is considered to be an important risk factor for cancer as well as cardiovascular
diseases (Oikawa et al., 2003). Different biochemical changes, including folate deficiency, oxidative
stress, aberrant DNA methylation, and the formation of homocysteine thiolactone, have been
identified in association with hyperhomocysteinemia, explaining why increased homocysteine
eventually led to carcinogenesis (Wu, 2002), Several research has found that hyperhomocysteinemia
influence on carcinogenesis is related to low folate levels and other vitamin B deficiencies produced
by the exact metabolic mechanisms that cause hyperhomocysteinemia (Figure 14) (Kathpalia et al.,
2022), 5- MTHF reduction causes global genomic hypomethylation, which is an early and
consistent event in carcinogenesis (Table 03), the activation of proinflammatory genes due to region-
specific hypomethylation is another mechanism that homocysteine might predispose to cancer
(Keshteli etal., 2015), for instance, it has been shown that MTHFR polymorphisms influence the
chance that cancers would spread, with the association being that MTHFR isoforms that increase
homocysteine levels typically increase the risk of cancer. Many research studied the epigenetic
alterations linked to the progression of cancer and located the next Hcy level and an unchanged

plasma level of Cys in cancer patients (Kathpalia et al., 2022).
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Figure 14. Low folate levels are associated with the impact of hyperhomocysteinemia on cancer
development (Duthie et al., 2011).

Table 03: Gene responsible for causing the disease (Kathpalia et al., 2022).
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4. 4. Hyperhomocysteinemia and oxidative stress

Many cellular mechanisms have been proposed and confirmed Homocysteine has been shown to
cause apoptosis and lipid formation in vitro and in HHcy induced atherogenesis in vivo, including
induction of inflammation and oxidative stress (Zhou and Austin, 2008). Further, it has been shown
that hyperhomocysteinemia impairs the antioxidant system, which is in responsible of neutralizing
ROS and preventing oxidative stress. It has been shown that homocysteine decreases the activity of
the antioxidant enzymes catalase, glutathione peroxidase, and superoxide dismutase, causing an
accumulation of ROS and oxidative stress (Bischoff-Ferrari et al., 2009). Hcy elevated levels of
H202, ONOO, and O2 in a time and concentration dependent manner, and it also caused cytotoxicity
(Figure 14) (Yan et al., 2006).

Also, Hcy has the ability to inhibit the synthesis of antioxidant enzymes like glutathione peroxidase
(GSH-Px), which might destroy the toxic effects of reactive oxygen species (ROS) (Upchurch et al.,
1997).

According to certain studies, Hcy may promote the production of hydroxyl radicals that start lipid
peroxidation through Hcy auto-oxidation and the synthesis of thiolactone. It has been proposed that
free radicals and lipid peroxidation products like malondialdehyde (MDA) and 4-hydroxy-2- nonenal
(HNE) , which are major end products of lipid peroxidation, induced damage to proteins and
carbohydrate (Cavalca et al., 2001). NADPH oxidase is an enzyme complex that produces ROS,

which are extremely reactive molecules that can cause cellular damage, it has been demonstrated that

hyperhomocysteinemia activates NADPH oxidase, leading to an increase in ROS production and
oxidative stresss (Zhao and Mooney, 2010). According to the results of (Tyagi, 2005), Hcy
activates PAR-4, which causes the production of reactive oxygen species by raising NADPH oxidase
and lowering thioredoxin expression and reducing NO bioavailability in cultured MVEC, increasing

NO2-tyrosine formation and accumulating ADMA by decreasing.

Moreover, it has been discovered that elevated homocysteine levels can activate pro-inflammatory
pathways, producing cytokines and other pro-inflammatory mediators that can further contribute to
oxidative stress (Chen and L.i, 2010).
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Figure 15. Homocysteine increases reactive oxygen species in endothelial cells, which induce

endothelial dysfunction and initiate inflammatory processes (Papatheodorou and Weiss, 2007).

5. Antioxidant activity

5.1. Introduction

Evaluating the antioxidant activity/capacity levels of biological fluids and foods is performed in
clinical biochemistry for the diagnosis and treatment of oxidative stress-related disorders, for

meaningful comparison of foods in terms of antioxidant content, and for controlling variances within
or between products (Apak et al., 2016). Many assays with various methods can be used to monitor
antioxidant activity (Shahidi and Ying, 2015).

5.2. Free radicals

A free radical is any species that has one or more unpaired electrons and can exist independently
(Halliwell et al., 1995). We distinguish the primary radicals, which derive from oxygen by
reductions of one electron, for example: the superoxide anion (O2 ¢-), nitric oxide (NO¢), hydroxyl
radical (*OH), alkoxyl radical (RO¢) and the peroxyl radical (ROO¢), and the secondary free radicals

that are produced when primary free radicals react on biochemical compounds of the cell; examples
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of these include: hydrogen peroxide (H202), singlet oxygen (102), and nitroperoxide (ONOOH)
(Yoshikawa et al., 2000).

Free radicals and reactive oxygen species (ROS) have been linked to the etiology and/or
development of a variety of illnesses, and in aging. Several proteins that have been oxidatively
changed by free radicals include side-chain carbonyl derivatives that can be utilized as markers for
protein oxidation (Moskovitz et al., 2002).

Table 04: Examples of free radicals (Halliwell et al., 1994).

5.3. Definition of an antioxidant

Antioxidants are substances that, when present in extremely low quantities in food or the body,
delay, control, or prevent oxidative processes that lead to food quality deterioration or the beginning
and development of degenerative illnesses in the body. This definition of antioxidants includes free
radical scavengers, singlet oxygen quenchers, inactivators of peroxides and other reactive oxygen
species (ROS), metal ion chelators, quenchers of secondary oxidation products and inhibitors of pro-

oxidative enzymes (Shahidi and Zhong, 2007).
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5.4. Antioxidants division

There are two main groups of antioxidants: natural and synthetic. (Zehiroglu and Ozturk Sarikaya,
2019), the third group is known as nature-identical antioxidants (Pokorny, 2007).

Antioxidants can also be categorized as endogenous and exogenous depending on their sources,
enzymatic or non-enzymatic depending on their effects, and water-soluble or lipid-soluble depending
on their solubility (Gulcin, 2012), this classification is given in the tables below with their samples
(Table 06).

5.4.1. Naturally occurring antioxidants

Natural antioxidants are most frequently encountered in plants (Pokorny, 2007) are listed in (Table
5), antioxidants can exist naturally in animals and microorganisms. Higher plants and their
components are a rich source of natural antioxidants such as tocopherols and polyphenols.
Additionally, antioxidants from marine sources, such as those found in algae, fish and shellfish, and
marine bacteria, have also been considered (Amarowicz et al., 1999).

The most important natural antioxidants are vitamin E (tocopherol), carotenoids (p-carotene),

vitamin C (ascorbic acid), polyphenols especially flavonoids (Labed et al., 2016).

The most significant polyphenols in plants are flavonoids, phenolic acids, and stilbenes, which have
demonstrated a variety of beneficial bioactivities, including anticarcinogenic characteristics,
chemical structures can range from very simple molecules to very complex molecules (Jakobek,
2015), flavonoids are essential antioxidants because of their high redox potential, which lets them
function as reducing agents, hydrogen donors, and singlet oxygen quenchers. Moreover, they have
the potential to chelate metal (Ignat et al., 2011). Phenolic acids account for almost one-third of the
dietary phenols present in plants, both free and bound, and are recognized to be powerful
antioxidants. Relieve almost all oxidant molecules, such as free radicals, by hydroxyl groups (Ignat
et al., 2011; Sevgi et al., 2015).

The most important vitamins as natural antioxidants are vitamins E and C. (Zehiroglu and Ozturk
Sarikaya, 2019), Vitamin E is a chiral molecule that contains eight different stereoisomers (a, b, c, d
tocopherol and a, b, ¢, d tocotrienol), in humans, only a-tocopherol is the most bioactive (Pham-Huy
et al., 2008), Vitamin C, which comprises ascorbic acid and its oxidation product dehydroascorbic

acid, has several biological activities in the human body (Zehiroglu and Ozturk Sarikaya, 2019).
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Carotenoids (carotenes and xanthophylls) are non-enzymatic natural antioxidants (Podsedek, 2007).
The antioxidant effects of carotenoids actions depend on their singlet oxygen quenching properties
and their ability to capture peroxyl radicals (Zehiroglu and Ozturk Sarikaya, 2019).

Table 05: The most frequently encountered natural antioxidants in plants (Pokorny, 2007).

5.4.2. Synthetic antioxidants

The synthesis or biosynthesis of antioxidants by a human with expertise in the industry is another
method of producing antioxidants. They have been produced and developed for the benefit of
humanity; In order to protect consumers from potential health dangers, they have tested extremely
complex and costly studies to determine their safety, in addition to protecting the producers from any

consumers complaints (Pokorny, 2007).
5.4.3. Nature-identical antioxidants

The third category of substances contains antioxidants that are identical to natural antioxidants
present in foods, but synthesized in the industry. In contrast to natural antioxidants they are pure
substances, inexpensive, readily accessible, and have reproducible properties, including antioxidant
activity. Thus, they combine the advantages of the natural and the synthetic antioyxidants (Pokorny,
2007).
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Table 06: Classification of antioxidants based on their origin (Zehiroglu and Ozturk Sarikaya,
2019).

5.5. Methods for determining antioxidant activity

There are several assays available to evaluate the total antioxidant activity of body fluids, food
extracts, and pure compounds. Each technique associate with the generation of a different radical that
acts via a variety of mechanisms, as well as the measurement of a range of end points at a fixed time
point or over a range (Re et al; 1999); According to their mechanisms, they may be divided into two

categories: either by the transfer hydrogen atom, or by the transfer of a single electron (Sanchez-
Moreno, 2002).
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The first category measures the capacity of antioxidants against inhibiting oxidation reactions in a
model system by monitoring the association changes using chemical, physical, or instrumental
means. Methods for conducting radical scavenging experiments include those based on electron
transfer (ET) or hydrogen atom transfer (HAT) mechanisms. Oxygen radical absorbance capacity
(ORAC), total radical trapping antioxidant parameter (TRAP) and crocin bleaching assays are the
main methods that measure HAT while Trolox equivalent antioxidant capacity (TEAC), ferric
reducing antioxidant power (FRAP), and DPPH assays represent ET-based methods (Shahidi and
Ying, 2015).

The most used tests are:
v The 2,2-Azino-Bis-3-ethylbenzoThiazoline-6-Sulfonic acid test (ABTS).
v" The 1,1-diphenyl 2-picrylhydrazyl (DPPH) test.
v’ The test using the reducing power of ferric ions, Ferric Reducing Antioxidant Power (FRAP).

v The test using the reducing power of cupric ions, CUPric Reducing Antioxidant Capacity
(CUPRAC).

6. Species Astragalus armatus

6.1 Classification

KINGDOM : Plantae

PHYLUM : Tracheophyta

CLASS : Magnoliopsida

ORDER : Fabales

FAMILY :  Fabaceae

GENUS : Astragalus

SPECIES : Astragalus armatus Willd

6.2. Botanical description:

Astragalus armatus Willd, according to Quezel and Santa (Quezel and Santa, 1963), is a plant with
pods remaining enclosed in the calyx that is highly accrescent, vesicular papery, and glabrous
reticulate. Shrub 20-50 cm tall with more or less diffuse stems with rachis of indurant leaves 3-8
pairs of leaflets that are rapidly deciduous, white flowers that are pinkish. Its colloquial name is «
Gdad », « EI Guendou » and « Chouk edderban » (Figure 16).
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Figure 16. Astragalus armatus Willd.

6.3. Geographical distribution

The species Astragalus armatus growing in North Africa. It is an endemic species, it is found in Algeria,

Morocco and Tunisia.

Figure 17. Geographic distribution of the species Astragalus armatus Willd (Greuter et al., 1989).
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6.4. Use in traditional medicine

It is used in traditional medicine, known as "Guendoul,” to cure a variety of illnesses (Trabut, 1935).
For instance, in Ghardaia, the bark and seeds are frequently used to treat many types of wounds as
well as stomach problems, pain, fever, and constipation (Voisin, 1987). In southern Morocco, A.
armatus fresh ground aerial parts are used to cure snake and scorpion stings (topical application) (EI
Rhaffari and Zaid, 2002).
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Materials and methods

1. Plant extract

Aerial parts of A. armatus were collected from Bekira-Constantine (East of Algerian) in May 2007.
The voucher specimen was kept in the Herbarium of the Faculty of Sciences (University of
Constantine-1) under the number LOST (Aa.05.07) (Khalfallah et al., 2014). Extraction of the aerial
part was carried out at the obtention laboratory of therapeutic substances (LOST) of the University
Constantine-1.

2. Extraction

Air-dried powdered aerial parts of Astragalus armatus (1.5 kg) were macerated four times with 70%
EtOH solution. The hydro-alcoholic solution was concentrated under reduced pressure to dryness and
the residue was dissolved in water and kept in overnight. After filtration, the aqueous solution was
successively extracted with CH2CI2, EtOAc and n-BuOH for three times with each solvent, then the

EtOAc and n-BuOH extracts were concentrated to dryness (Khalfallah et al., 2014).
3. Chemicals material

The Chemical products used during our study are:

L-methionine, phosphate buffer saline (PBS), chloroform, formalin 10%, solution of bouin |,
coomassie brilliant blue, dithiobis-2-nitrobenzoic acid (DTNB), orthophosphoric acid (85%),
ethylene di-amine, tris, tetra acetic acid (EDTA, 0.02M), ethanol of different concentrations (50%,
70% and 96%), bovine serum albumin (BSA), sulfo-salcylic acid (0.01M), Nacl, Hcl, NaoH, butanol,

xylene, glycerin and paraffin.

The concentration of homocysteine in plasma was determined by the Immulit homocysteine Kit

(Siemens, Finland), other used chemicals were obtained from the chemical company Sigma.
4. Equipment

We used the following equipment:

Precision Weighing Balances (readability 0.01g) to determine the weight of mice, Precision
Weighing Balances (readability 0.00001g) to weigh methionine and plant extract, heating magnetic
stirrer, pH meter, centrifuge, oven, microtome, Spectrophotometer, Photo microscope connected to

computer.
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Experimental studies

The research was performed on twenty eight healthy adult male Mus Musculus mice, 2.5 to 3 months

old, weighing between 30 and 35 g. All animals were obtained from the Central Pharmacy of Algeria

and housed in plastic cages with free access to water and diets for 21 days with experimental diet

control (the composition of the food is shown in table 02). Mice were divided into four groups of

similar mean body weights and conducted under standard laboratory conditions of humidity,

temperature and light. They received tap water and a standard laboratory diet purchased from EL
REGHAIA feed Co. (Algiers, Algeria).

Table 07: Composition of diet taken by the mice during 21 days (L'ONAB nutrition)

Composition Amount in (g / kg) Percentage (%)
Corn 620 62

Soja 260 26

Phosphate 16 1,6

Limestone 9 0,9

Cellulose 10 1

Minerals 10 1

Vitamins 10 1

6. In vivo experimental study

6 .1. Experimental treatments

After an acclimatization period of one week, the pubertal mice were randomly assigned into 4 groups

(7 mice per group):

e The control group (F) was fed with white flour (0.50 mg/mouse).

e The group (M) was fed with L-methionine (400 mg/kg/day).

e The group (MP) received L-methionine (400 mg/kg/day) plus A. armatus extract (100

mg/kg/day).

e The group (P) was treated with A. armatus extract (100 mg/kg/day).
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Throughout the treatment period (21 days), the weights and diet consumption of mice were taken daily

throughout the experiment at the same time (Zerizer and Naimi, 2004).

The dose of each treatment is calculated according to the average live weight of the mice of each

cage and given to the mouse once a day, L-mehionine and A. armatus extract were orally

administered to mice with white flour (0.50 mg/mouse) and given free access to food and water.

Table 08: Treatment of mice

Experimental Substance Number of Daily dose Duration of the
Group administered animal experiment
F Flour 7 0.50 21 days
mg/mouse
M Flour + 7 400 21 days
L-methionine mg/kg/day
MP Flour + 7 400mg/kg/day | 21 days
L-methionine +
+
A. armatus ranO/k /da
extract gikgrday
P Flour + 7 100 21 days
A. armatus mg/kg/day
extract

6.2. Blood and tissue sampling

After 21 days of feeding, animals have fasted overnight and before sacrificing animals, blood

samples were taken from the retro-orbital plexus into EDTA tubes and centrifuged, the plasma was

stored at -20°C until biochemical analysis. The aorta, heart and liver were immediately removed and

washed with PBS saline, a fraction of liver of each animal was used to determine biochemical

parameters while other fractions of aorta, liver and heart of each animal were used for histological

examination.

6. 3. Biochemical analysis

6. 3. 1. Measurement of plasma Hcy levels, lipids status

The determination of the plasma Hcy and lipids status was carried out at the IBN SINA medical

analysis laboratory in Constantine.
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6. 3. 1. 1. Plasma Hcy determination

The determination of total Hcy was done by an IMMULITE analyzer, the principle is based on a

competitive chemiluminescence enzyme immunoassay technique in solid phase.
6. 3. 1. 2. Lipids determination

The lipid assay was performed using an (INTEGRA 400 type auto-analyzer), using an enzymatic
colorimetric method. A complete lipid panel will include the determination, after twelve hours of

fasting, of total cholesterol, triglycerides, LDL and HDL.
» Dosage of total cholesterol

Cholesterol is an unsaturated alcohol present in blood, bile, and brain tissue. In addition to other
tissues, the liver and intestinal wall are two places where it is primarily synthesized. It functions as a
precursor of bile acids, adrenal and gonadal steroid hormones, as well as vitamin D (Cox and
Garcia-Palmieri, 1990).

The series of reactions involved in the assay system are as follows:

Cholesterol Oxidase

Cholesterol esters+H20 > Cholesterol + fatty acids

Cholesterol Oxidase

Cholesterol +O2 > Cholest-4-ene-3-one+H202

Peroxidase

2H202+ 4-AAP + Phenol > Quinoneimine dye + 4 H20

The intensity of quinone-imine colouration, measured at 500 — 550 nm, is proportional to the amount

of total cholesterol present in the serum sample (Young, 2001).
The formulas below can be used to calculate the cholesterol concentration.

Absorbance of Sample

Cholesterol Concentration = (Cholesterol standard)*200 mg/dl (mmol/L)

Absorbance of Standard
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» Dosage of Triglycerides

The Triglycerides are determined after enzymatic hydrolysis by lipases. The indicator is a
quinone-imine formed from hydrogen peroxide, 4-aminophenazone and 4-chlorophenol, the
reaction being catalyzed by peroxidase. Absorbance is measured at a wavelength of 505 nm
(Young, 2001).

Lipoprotein Lipase (LP)

Triglycerides (TG) Glycerol+ fatty acids

Glycerol Kinase (GK)
Glycerol +ATP Glycerol-3-phosphate (G3P) + ADP

Glycerol Phosphate Oxidase (GPO)

G3P + 02 Dihydroxyacetone phosphate (DAP) +
2 H202

Peroxidase (POD)
2 H202+ 4-AAP + 4-Chlorophenol Quinoneimine dye + 4 H20

the formulas below can be used to calculate the cholesterol concentration.

Absorbance of Sample

TG concentration = * 200 (Standard concentration) = mg/ml *0.0114
mmol/L.
Absorbance of Standard

> Dosage of HDL-c

The principle consists in selectively precipitating the lipoproteins which contain apoB (LDL and

VLDL) by phosphotungstate in the presence of magnesium ion, and after centrifugation, HDL

cholesterol is determined in the supernatant by the same enzyme technique as the total cholesterol

(Young, 2001), and the calculation as shown below:
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Absorbance of Sample

HDL-c Concentration = {Standard concentration)*200 mg/dL
Absorbance of Standard
» Dosage of LDL-c
LDL cholesterol is obtained by direct calculation according to the Fiedewald formula
LDL = total cholesterol - HDL - triglycerides / 5

When the TG level is greater than 3.4 g/l (3.75 mmol/l), LDL cholesterol cannot be calculated by this

formula, so it must be dosed by direct enzymatic method.

6. 3. 1. 3. Determination of oxidative stress parameters

> Preparation of the homogenate

For the determination of oxidative stress parameters of GSH and CAT activities, the liver (0.5 g) was
homogenized in 2 ml of TBS solution (Tris 50 mM, NaCl 150 mM, pH 7.4); the homogenates were
centrifuged at 9000 xg for 15 min at 4°C. After that, the pellet was discarded and the supernatant was

subjected to biochemical assays.
» Protein determination

Protein concentrations concentration was measured by the method of Bradford (1976), using bovine
serum albumin as standard. The procedure is based on the formation of a blue complex between the
comaissie bruillant blue G-250 dye, and proteins in solution. The amount of absorption is
proportional to the protein present.

Liver homogenate sample 0.1ml was mixed with 5ml Bradford reagent and was allowed stand for
5min. Then the absorbance was measured at 595 nm using a spectrophotometer by comparing to the

blank reaction.

The protein concentration of a test sample is determined by comparison to that of a standard series of
bovine serum albumin to reproducibly exhibit a linear absorbance profile in this assay (Figure 01

annex).
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» Determination of glutathione reduced

The concentration of the glutathione reduced in the liver was determined according by the method of
Weckbecker and Cory (Weckbercker and Cory, 1988). The spectrophotometric reader assay
method for GSH involves oxidation of GSH by the sulthydryl reagent 5,5’-dithio-bis2-nitrobenzoic
acid (DTNB) to form the yellow derivative 5'-thio-2-nitrobenzoic acid (TNB), measurable at 412 nm.

For the the glutathione dosage, the following experimental protocol was used:

Liver homogenate sample (0.8ml) was deproteinized with (0.2ml) of 5-sulfosalicylic acid solution
(0.25%) and was allowed stand on ice for 10 min. Following centrifugation at 1000 tours/mn) during
5minutes to remove the precipitated protein. (0.5 ml) of supernatant was mixed with 1 ml TrissfEDTA
buffer (pH 9.6) and (0.025 ml) of DTNB-reagent (0.01M 5,5'-dithiobis-2-nitrobenzoic acid) and left at
room temperature for 5 min. Then the absorption was measured at 412 nm using a spectrophotometer by
comparing to the blank reaction.

The glutathione concentration was calculated by the following formula:

OD x 1x 1.525

GSH (nmol/mg of protein) =
13100x 0.8x 0.5.mg protein

- OD: optical density

- 1: total volume of solutions in the deproteinisation (0.8ml homogenate+ 0.2ml 5-
sulfosalicylic acid)

- 1.525: total volume of the solutions used in the assay of GSH (0.5ml supernatant+ 1 ml
TrissEDTA+ 0.025 ml DTNB)

- 13100: absorbance coefficient at Groupment—SH to 412nm

- 0.8: volume of homogenat sample

- 0.5: volume of supernatant

» Determination of catalase

Catalase is a common enzyme found in nearly all living organisms exposed to oxygen. It catalyzes the
decomposition of hydrogen peroxide (H202) to water and oxygen. Catalase is a tetramer of four

polypeptide, It contains four porphyrin heme (iron) groups that allow the enzyme to react with the

41



Experimental studies

hydrogen peroxide. It was estimated in the liver homogenate in a UV spectrophotometer as described by
Aebi (1984). The specific activity of catalase has been expressed as mmol of H202 consumed/min/ mg
protein. The difference in absorbance at 240 nm per unit time is a measure of catalase activity.The

reaction is thought to happen in two stages:

Catalase-(Fe I11) + H202 [Catalase-H 20-(Fe V)] + H20
[Catalase-H 20-(Fe V)] + H 202 Catalase-(Fe I11) + H20 + O2
2 H202 2H20 + 02

Table 09: The concentrations and amounts of reagents needed for the dosage of catalase activity.

Reagents Sample (pl) |blank (ul)
Phosphate buffer (100Mm, PH7.5) | 790 800
H202 (500Mm) 200 200

Sqg (1 to 1.5 mg prt/ml) 10 0

Sq: supernatant quantity

The activity of catalase was estimated by the decrease of absorbance at 240 nm for 1 min (15 and 60

seconds) as a consequence of H202 consumption.
The following formulas were directly calculated to determine the catalase activity:

ADO

Catalase activity (mmol H202/min/ mg prot) =

e XL x x x Fd
&: extinction coefficient (= 0.043 mM-1.cm -1).
L: The length of the cuvette used (1 cm).
. protein quantity mg/ml.
Fd: 0.02 (dilution factor of the H202 in the buffer).
A: 240 nm.
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6. 4. Histological analysis

Following the collection of blood samples, the animals were sacrificed, and samples from the aorta,

heart, and liver were collected for light microscopic examinations.

» The samples were rinsed of all adherent tissues with phosphate buffered saline (0.9%).
After that,they are stored in little vials with diluted formol 10%;

» Inclusion of the different parts of the aorta in alcoholic Bouin solution (appendix) for 5 min
for staining (because of their transparent color);

» Dehydration in three different concentrations of ethanol (50%, 75% and 96%), the duration
for each concentration is 1h and 30 min (the bath is changed every 30 min), then in butanol
for three days;

» Clarification with xylene for 20 min (the bath is changed every 10 min);

> Inclusion in paraffin: three paraffin baths (the duration of each bath: 1h and 30min, the
oven temperature is maintained at (60°C);

» Production of paraffin blocks containing the sample to be studied;

» Realization of 3um thick sections using a microtome (Leica RM 2135);

» The sections obtained are placed in a tidal bath (50°C), spread on slides, then dried on a hot
plate (50°C) overnight; the coloration of the slices was done at Niha laboratory, Annaba;

» Deparaffinization of slides in xylene for two hours, then air drying for two more hours;

» The photos of sections were taken by photo-microscope.

6. 5. Statistical analysis

The biochemical analyzes (Hcy, lipids and antioxidant enzyme activities) are presented in the form
of means accompanied by the standard error (mean £ SEM). The comparison between the groups
was performed by the One-Way ANOVA test, when a significant difference is observed; Tukey's
multiple comparison test is performed. All analyses related to the case—control study were performed
using the Statistical Package for the Social Sciences (SPSS software version 20). The comparison or

correlation is considered, according to the probability (P), as:

» No significant if P >0.05.

» Significant (*) if P <0.05.

» Highly significant (**) if P <0.01.

» Very highly significant (***) P <0.001.
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7. Invitro experimental study

7. 1. Evaluation of antioxidant activity of n-butanol extract of A. armatus

7. 1. 1. Total antioxidant activity

The activities of the sample solutions (50-500 pug mL-1) were evaluated following the
phosphomolybdenum method (Prieto et al., 1999) based on the reduction of Mo (VI)to Mo (V) by
antioxidants and the subsequent formation of specific green phosphate/Mo (V) compounds at acidic
pH . The extract solution (0.3 mL) was added to (2.7 mL) of the reagent solution [(4 mM)
ammonium molybdate, (0.6 M) sulfuric acid, (28 mM) sodium phosphate]. The reaction was
incubated at 95 °C during 90 minutes, and then cooled to room temperature. The absorbance of the
resulting green sample phosphomolybdenum complex was read at 695 nm (Ozen et al., 2017). BHA,

BHT and ascorbic acid were used as positive controls.

7. 1. 2. Reducing power assay

In this assay, the reductants antioxidant causes the reduction of the Fe+3/ ferricyanide complex to the
Fe2+ form and monitored by measuring the absorbance at 700 nm (Oyaizu et al., 1986). 1 mL of the
sample solutions (50-500 ug/mL) were added to 2.5 mL phosphate buffer (pH 6.6, 0.2 M) and
potassium ferricyanide (1%; 2.5 mL), respectively. After incubating for 25 min at 50 °C,

tricholoroacetic acid TCA (10%; 2.5 mL) was added to the mixture and centrifuged at 3.000 x g.
Finally, the supernatant mixture (2.5 mL) was combined with (0.5 mL; 0.1 %) ferric chloride FeCI3
solution and the absorbance was read at 700 nm. It is indicated that the high absorbance of the
sample has effective reducing power in the reaction condition that the reducing capacity had

increased. BHA, BHT, trolox and ascorbic acid were used as positive controls.
7. 1. 3. Free radical scavenging assay (DPPH")

The electron donation activities of the sample solutions was measured spectrophotometrically by
bleaching of the purple-colored solution of free radical scavenging activity according to the
technique available in report with a slight modification (Blois, 1958). The DPPH- solution (1 mL)
was mixed with (1mL) of sample solutins (50-500 pg mL-1). After incubating in the dark at room for
30 min, the absorbance of mixture was monitored at 517 nm. The reduction of sample absorbance
indicated higher DPPH" scavenging activity (Ozen et al., 2011). BHA, BHT, trolox and ascorbic acid

were used as positive controls.
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The activities were calculated as percentage of DPPH- discoloration, using the equation:

Free radical scavenging activity % = [(A (blank) - A (sample))/A (blank)] x100.
7. 1. 4. Metal chelating assay

The metal chelating activity of the sample was assessed as described by Dinis et al. (1994) using
EDTA as a positive control. In the presence of other chelating compounds, this complex is disrupted
with chelator compounds. Briefly, the different concentrations (50-500 pg/mL) of the sample were
mixed separately with FeCI2 (2 mM, 0.05 mL) solution. After incubation at 25 °C for 5 min, the
reaction was initiated by the addition of ferrozine (5 mM; 0.3 mL). Each mixture was shaken
vigorously and left to stand at 25 °C pending 10 min. The absorbance of the mixture was readat 562
nm. The activities were calculated as percentage of inhibition of ferrozine-Fe*™? complex formation

according to formula:

Metal chelating activity % = [(A0-A1)/A0] x 100.
Where A0 is the absorbance of the ferrozine-Fe*? complex (control) and Al is the absorbance of the

test solutions.

7. 2. Evaluation of antiproliferative activity of n-butanol extract of A. armatus

7. 2. 1. Culture cell preparation

HeLa (human cervix carcinoma) and C6 (rat brain tumor) cells were developed in DMEM-HG
(Dulbecco's modified eagle’s medium) with 10% (v/v) FBS (fetal bovine serum) and 2 %
Penicilin/streptomycin solution, at 37 °C in a humidified atmosphere of 5 % CO2 at Plant Research

Laboratory, Department of Chemistry, University of Cankiri Karatekin, Turkey.

HeLa and C6 cells were detached from bottom of the culture flask using 10 mL Trypsin- EDTA
mixture. After detaching, the same volume of culture medium was placed in the flask and mixed
thorougly and put in centrifuge 600 tours during 5 min (Nuve NF 800, Turkey). 5mL of medium was
mixed carefully with the supernatant. The concentration of cells in this suspension was determined
using CEDEX HIRES Cell Counter (Demirtas and Sahin Yaglioglu, 2012).

7. 2. 2. Cell proliferation assays

Cells were plated in 96-well culture plates (COSTAR, Corning, USA) at a densitiy of 30.000 cells
per well. The activities of samples were investigated on 100, 75, 50, 40, 30, 20, 10, and 5 pg/mL. 5-
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FU was used as standard compound. The cells were then incubated overnight before applying the
BrdU Cell Proliferation ELISA assay reagent (Roche, Germany) according to the manufacturer’s
procedure.

The amount of cell proliferation was assessed by determining the absorbance (A) at 450 nm of the
culture media by using a microplate reader (Awareness Chromate, USA). Results were reported as
percentage of the inhibitionof cell proliferation, where the optical density measured from vehicle-
treated cells was considered to be 100% of proliferation. All assays were repeated at least twice using
against HeLa and C6 cells.

Percentage of inhibition of cell proliferation was calculated as follows:

% = [1-(Atreatments /Avehicle control)] x 100

The stock solution of the extracts were prepared in dimethyle sulfoxide (DMSO) and diluted with
Dulbecco's modified eagle’s medium (DMEM; 1:20). DMSO final concentration is below 0.1% in
all tests.

IC50 and IC75 values were determined using the ED50 plus v1.0 programs. The results of
investigation in vitro are means £ SD of six measurements. Differences between groups were tested
with ANOVA. P values of <0.01 were considered as significant and analyzed by SPSS (version 11.5
for Windows 2000) (Sahin Yaglioglu et al., 2014).
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1. Tests in vivo

1.2. Plasma Hcy concentration

The concentration of homocysteine were (8.686 + 1.893 umol/l) in F group, (7. 22 +£1.365 umol/l) in
P group, (13.48 £ 3.713) in M group and (9.494 £3.537 umol/l) in MP group; these values were
statistically different significantly (P=0.018) between groups. The Tukey test revealed a significant
difference between the group (M and P) P = 0.014 (Figure 18).
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Figure 18. The interaction of L-methionine and A. armatus extract on Hcy in mice during 21 days of
treatment, (F) control group, (M) treated with L-methionine, (PM) treated with L-methionine and

A. armatus extract, (P) treated with A. armatus extract. Values are the means=SEM (n); *p<0.05.
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1.2. Lipids status

1.2.1. T-cholesterol

The results of the determination of total cholesterol in the F group (0.994 +0.31 g / I), P group
(1.19+£0.20 g / 1), M group (1.074 £ 0.13 g / 1), MP group(0.938+ 0.08 g / I) show that there is a
difference between groups but not significantly (P> 0.05) (Figure 19).
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Figure 19. The interaction of L-methionine and A. armatus extract on Tch in mice, during 21 days

of treatment, (F) control group, (M) treated with L-methionine, (PM) treated with L-methionine and
A. armatus extract, (P) treated with A. armatus extract. Values are the meanstSEM (n);
*p<0.05.

1.2.2. LDL-c

The results of the determination of LDL-c in F group (0.18+0.07g/l), P group(0.53+0.33 g/l) M group
(0.65+0.20 g / 1), MP group (0.37%0.16 g/l) show that there is a highly and significantly difference
between groups (P = 0.008). The Tukey test revealed a significant difference between the groups (F
and M) P=0.004) (Figure 20).

Figure 20. The interaction of L-methionine and A. armatus extract on LDL in mice, during 21 days
of treatment, (F) control group, (M) treated with L-methionine, (PM) treated with L-methionine and
A. armatus extract, (P) treated with A. armatus extract. Values are the meanstSEM (n);
*p<0.05.
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1.2.3. HDL-c

The results of the determination of HDL-c in F group (0.80£0.09 g/l), P group (0.66 +0.46g/l) M
group (0.75+0.18 g/l), MP group (0.66+0.43 g/l) show that there is a difference between groups but
not significantly (P> 0.05) (Figure 21).

Figure 21. The interaction of L-methionine and A. armatus extract on HDL in mice, during 21 days
of treatment, (F) control group, (M) treated with L-methionine, (PM) treated with L-methionine and
A. armatus extract, (P) treated with A. armatus extract. Values are the meanstSEM (n);
*p<0.05.

1.2.4. Triglyceride

The results of the determination of TG in F group (0.92+0.36 g/l), P group (0.90 +0.13g/l) M group
(1.19+0.34 g/l), MP group (0.78+0.060 g / I) show that there is a highly and significantly difference
between groups (P = 0.008). The Tukey test revealed a significant difference between the groups (F
and M) P=0.008) and the groups (M and PM) P=0.024 (Figure 22).
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Figure 22. The interaction of L-methionine and A. armatus extract on TG in mice, during 21 days of
treatment, (F) control group, (M) treated with L-methionine, (PM) treated with L-methionine and

A. armatus extract, (P) treated with A. armatus extract. Values are the means+SEM (n); *p<0.05.
1.3. Antioxidants markers

1.3.1. Glutathione reduced

The concentration of glutathione in the control group F (16.67+2.18 n mol/mg protein), the P group
(26.10£7.53 n mol/mg protein), the M group (10.63£7.15 n mol/mg protein) and in the PM group
was (17.39%£4.08 n mol/mg protein) The values obtained during this study showed a high and
significant difference between the groups in terms of mean concentration of GSH (P=0.005). The
Tukey test revealed a significant difference between the groups (F and P) P=0.049) and the groups
(P and M) P=10.002 (Figure 23).
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Figure 23. The interaction of L-methionine and A. armatus extract on glutathione reduced values
(GSH) in mice, during 21 days of treatment, (F) control group, (M) treated with L-methionine,
(PM) treated with L-methionine and A. armatus extract, (P) treated with A. armatus extract.
Valuesare the means+SEM (n); (*p<0.05, **p<0.01).

1.3.2. Catalase activity

The concentration of Catalase in the control group F (36.94+£18.55 m mol/mg of protein), the P group
(53.34£11.51 m mol/mg protein), the M group (21.74+19.86 m mol/mg protein) and in the PM group
was (42.28+19.93 m mol/mg protein ) show that there is a significantly difference between groups
(P=0.042). The Tukey test revealed a significant difference between the groups (P and M) (P=0.028)
(Figure 24).

Figure 24. The interaction of L-methionine and A. armatus extract on catalase activity (CAT) in
mice, during 21 days of treatment, (F) control group, (M) treated with L-methionine, (PM) treated
with L-methionine and A. armatus extract, (P) treated with A. armatus extract. Values are the
meanstSEM (n); (*p<0.05).
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1.4. Histological investigation

1.4.1. Heart

For group (M) which received L-methionine (400mg/kg/day), light microscopy of the heart showed
lysis and necrosis in the muscle fiber structure and mononuclear cell infiltration between the muscle
cells (Figure 25-C, 25-D). This is not the case for group (F) which presented a normal tissue structure
(Figure 25-A, 25-B). Same results were also observed in PM and P groups (Figure 25-E, 25-F).

Figure 25. Histological section of the heart, during 21 days of treatment, (A and B) Control group,
(C and D) Treated with L-methionine, (E) Treated with L-methionine and A. armatus extract, (F)
Treated with A. armatus extract. Application hematoxylin-eosin staining, (A, C) x100, (B, D, E, F)
x400. MMN: Muscular myocard nuclei, MMF: Muscular myocardfibers, CT: Connective tissue. N:

Necrosis, LYS: Lysis, IMN: Infiltration of mononuclear.

1.4.2. Aorta

Microscopic observation of aortic intima in the methionine group (M) showed desquamation of
endothelial cells, we also observed in the media gaps and formation of oval nuclei (Figure 26- B, 26-

C, 26-D). However, in the control group (F).
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Histopathological examination showed a normal structure, the aortic section has intact endothelium
and spindle shaped nuclei, (Figure 26-A). For the MP and P groups, the observation presents an

intact morphology (Figure 26-E, 26-F).

Figure 26. Histological section of the aorta, during 21 days of treatment, (A) control group, (B, C
and D) treated with L-methionine, (E) treated with L-methionine and A. armatus extract, (F) treated
with A. armatus extract. Application hematoxylin-eosin staining, (A, F) x100, (B, C, D, E) x400. L:

Lumen, IEND: Intact Endothelium, CT: Connective tissue, EF: Elastic Fibers, SN: Spindle nuclei,

ON: Oval Nuclei, G: Gaps, CD: Cellular Desquamation.

1.4.3. Liver

Regarding the liver of the control group (F), histopathological examination showed a normal
structure (Figure 27-A, 27-B). However, intact liver lesions revealed in group M (mice treated with
L-methionine) resulted in severe pathological liver damage marked by necrosis, lysis, change in the
shape of hepatocyte nuclei and hepatic steatosis (Figure 27- C, 27-D). For the MP and P groups, the

observation presents an intact morphology like that of the control group (Figure 27-E, 27-F).
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Figure 27. Histological section of the liver, during 21 days of treatment, (A and B) control group, (C
and D) treated with L-methionine, (E) treated with L-methionine and A. armatus extract, (F) treated
with A. armatus extract. Application hematoxylin eosin staining, (A, C, F) x100, (B, D, E) x400. HN:
Hepatocyte nuclei, HPC: Hepatocyte cell, S: sinusoid, EDS: Endolysis, CV: Central vein, N:
Necrosis, ST: Steatose, LYS: Lysis.

2. Tests in vitro

2.1. Evaluation of antioxidant activity of n-butanol extract of A. armatus

2.1.1. Total antioxidant activity

Table (10) shows the result obtained concerning the total antioxidant activity of the n- BuOH

A.armatus extract. This extract showed total antioxidant activity but lower than antioxidant standards

2.1.2. Reducing power

The n-butanol extract of A. armatus has a low reducing power in comparison with the antioxidant
standards: BHA, Ascorbic acid, Trolox (Table 10).

2.1.3. Free radical scavenging activity (DPPH")

The n-butanol extract of A. armatus has a low Free radical scavenging activity in comparison with
the antioxidant standards: BHA, Ascorbic acid, Trolox and a have Free radical scavenging activity
higher than the standard antioxidant BHT at 500 ug / mL and equalized at 100 pug / mL (Table 10).
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2.1.4. Metal chelating activity

Results

The n-butanol extract of A. armatus has a low chelating activity of metals than the antioxidant
standard EDTA (Table 10).

Table 10: Total antioxidant activity, reducing power, free radical scavenging and metal chelating

activity of n-butanol extract of A. armatus, using antioxidant standards as positive controls: EDTA,

trolox, BHA, BHT, vitamin C. The values were represented means * standard deviation (n = 3).

Invitro Antioxidant Assays
Samples 50pgmL-1 | 100 pgmL-1 | 250 pg mL-1 | 500 pg mL-1
Total antioxidant activity, 695 nm

n-BuOH A.armatus 0.14130.023 | 0.180+0.015 | 0.341+0.037 | 0.593+0.075
extract

BHA 0.228+0.020 | 0.469+0.024 | 0.702+0.019 | 1.699+0.046
BHT 0.199+0.032 | 0.304+0.032 | 0.537+0.002 | 0.875+0.036
Ascorbic acid 0.251+0.030 | 0.477+0.015 | 1.097+0.051 | 2.680+0.052

Reducing power, 700 nm

n-BUOH A.armatus 0.08620.005 | 0.087#0.015 | 0.123+0.016 | 0.143+0.004
extract

BHA 0.265+0.006 | 0.334+0.014 | 0.429+0.092 | 0.465:0.032
BHT 0.269+0.015 | 0.350+0.011 | 0.438+0.024 | 0.564:+0.041
Ascorbic acid 0.191+0.048 | 0.32740.002 | 0.366+0.028 | 0.379+0.031
Trolox 0.213+0.001 | 0.296+0.006 | 0.367+0.033 | 0.386+0.035

Free radical scavenging activity (DPPH"), %

n-BUOH A.armatus 5.80+1.85 24.43+5.76 | 30.56+4.42 | 48.26+3.99
extract

BHA 69.48+3.64 77.46+4.61 | 85.17+5.38 | 89.29+2.10
BHT 10.02+5.52 25.40+5.80 | 35.28+8.30 | 43.38+3.51
Ascorbic acid 74.91+7.43 82.27+6.45 | 80.05:2.29 | 84.68+4.81
Trolox 73.83+2.46 86.75:6.18 | 89.13+4.48 | 94.24+2.85

Metal chelating activity, %

n-BUOH A.armatus 5.53+2.83 6.10+1.82 | 12.88+2.37 | 31.083.52
extract

EDTA 52.27+6.18 94.0146.86 | 97.72+1.47 | 98.96+0.54
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2.2. Evaluation of antiproliferative activity of n-butanol extract of A. armatus

2.2.1. Cell proliferation assays

The antiproliferative activities of A. armatus BuOH extract and standard were determined relative to
the C6 and HeLa cell lines using the BrdU ELISA cell proliferation assay. 5-fluorouracil (5- FU) was
used as a positive control (Fig 28-29). The antiproliferative activities of samples and positive control
were studied in eight concentrations (5, 10, 20, 30, 40, 50, 75 and 100 pg / mL). The IC50 and 1C75
values of the extracts and 5-FU were identified using the ED50 plus v1.0 programs (Table 10).

The figures 28 and 29 indicated that A. armatus BuOH extract anhanced the antiproliferative activity
in a dose dependant manner. In addition the A. armatus BuOH extract was determined to have the
higher antiproliferative activity against C6 cells than Hela cells at the concentration 100 pg/mL (Fig
26-27).

However, n-butanol extract of A. armatus (IC50: 54.048+0.012 pg/ml) against HeLa cell and (1C50:
79.425+0.030 pg/mL) against C6 cell, has lower antiproliferative activity compared with standard

compound at all the concentrations (Table. 10).
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Figure 28. Antiproliferative activity of n-butanol extract of A. armatus and

5-FU against the HeLa cell line (3 x 104 cells / well).
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against C6 cell
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Figure 29. Antiproliferative activity of n-butanol extract of A. armatus and 5-FU against

the C6 cell line (3 x 104 cells / well).

Table 11: The IC50 and IC75 values of the n-butanol extract of A. armatus and 5- fluorouracil,

presented by antiproliferative assay against the HeLa and C6 cell lines (3 x 103 cells / mL).

Sample name IC50 pg/mL IC75 pg/mL IC50 pg/mL IC75 pg/mL

HeLa cell C6 cells

n-butanol extract of A. armatus 54.048+0.012 72.964+0.120 79.425+0.030 93.880+0.046

5-FU

>100 13.181+0.020 >100 35.960+0.050
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Discussion

Homocysteine is a nonprotein forming, sulfur-containing amino acid, formed during the metabolism
of the essential amino acid methionine. Recently, elevated plasma Hcy levels have been impilicated
as a risk factor for cardiovascular diseases (Selhub, 1999).

Humans and animals produced homocysteine from L- methionine, for this reason we respect this
metabolic pathway, we gave the mice L-methionine rather than homocysteine. The main objective of
our work is to clarify the effects of a high dose of L- methionine on some biochemical parameters
(Hcy, total cholesterol, LDL, HDL, TG, oxidant status) and on the histological structure of certain
organs (aorta, heart and liver) in mice and to explore the therapeutic effect of the (EtOAc) extract of
A. armatus (100mg/kg) on abnormalities caused by high dose of L-methionine (400mg/kg) during 21
days of treatment.

Our current results showed that L-methionine enriched diet in mice for 21 days caused a significant
increase in Hcy concentration, an increase in the concentrations of Tch, LDL-c and TG, decrease in
HDL-c, GSH and CAT, these results are associated with the appearance structural alterations of

organs aorta, heart and liver.

In the present study, consumption of high L- methionine diet (400mg/kg) during 21 days of the
experiment, was sufficient to induce HHcy in mice notable by a highly significant increase of plasma

Hcy compared to the control group.

Our results are in agreement with the previous experimental study of (Boyacioglu et al., 2014;
Derouiche et al., 2014; Aklil et al., 2017), which have shown that consumption of high L-

methionine diet induced a significant increase of plasma Hcy.

Hcy levels can markedly fluctuate among different populations due to their dietary habits, depending
on the content of dietary methionine, commonly found in poultry diet, and choline. Approximately
50-80 % of generated Hcy, is remethylated to methionine. In humans, the relation between
methionine intake and HHcy also depends on vitamin status (folate, vitamins B6 and B12) and the

supply of other amino acids (Koklesova et al., 2021).

In vivo analysis revealed that a high-Met diet can induce HHcy and can affect epigenetic processes,
mainly increased global methylation (5-mC) and DNA methyltransferase-1 (DNMT1) expression.
Further, HHcy is associated with increased methylation of CBS promoter in bone marrow-derived

endothelial progenitor cells (Behera et al., 2019).

This potential effect of high L-methionine diet could possibly be due to up-regulation in the enzymes

that metabolize Hcy, for example cystathione B-synthase. It is clear that tissue concentration of Hcy
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IS maintained at low levels by regulating production and efficient removal of this thiol (Stipanuk,
2004).

Derouiche et al., (2014) reported that HHcy is a consequence of genetic defects of some enzymes,

nutritional deficiencies, methionine rich diet, related of some diseases and some drugs.

HHcy leads to diverse clinical manifestations; the pathogenicity of homocysteine is believed to be
due to its ability to produce oxidative stress (Noll et al., 2011), HHcy remains a major risk factor
leading to endothelial cell dysfunction and induces apoptotic cell death through reactive oxygen
species (ROS) production in endothelial and smooth muscle cells. HHcy also causes accumulation of
damaged proteins resulting in modification and alterations of their function (Zhang et al., 2001).

High plasma Hcy concentrations may increase in different pathophysiological conditions (renal
failure, rheumatoid arthritis and B-vitamins deficiencies etc.), which is considered as a risk factor for
cardiovascular diseases. The elevation of plasma Hcy levels may contribute to ischemic changes and
oxidative stress. HHcy produces changes instructure and function of blood vessels and oxidative
stress appears to play a major role in mediating these changes (Boyacioglu et al., 2014). It has been
suggested that HHcy is associated with ROS formation, such as superoxide anion, hydrogen peroxide
and hydroxyl radicals which are normally eliminated by antioxidants enzymes (Faraci and Lentz,
2004).

Hcy has also the ability to inhibit the expression of antioxidant enzymes such as glutathione
peroxidase (GSH-Px) which might destroy the toxic effects of reactive oxygen species (ROS). As a
result, oxidative stress which is induced by homocysteine results in the damage of vascular
endothelial cell (Celik et al., 2016).

HHcy is an important risk factor for cardiovascular diseases (Boyacioglu et al., 2014), and is thought
to produce endogenous oxidative stress and causes many cellular damages (Derouiche et al., 2014).
An important role in development of hyperhomocysteinemia is also played by deficiency of folic
acid, vitamins B6 and B12 (Domagala et al., 1997),

HHcy is often related to age and race physiological particularities as well as individual genetic,
epigenetic, nutritional, and latrogenic (drugs) risk factors, among others. At the same time, the
leading cause of HHcy is related to an insufficient amount and/or dysfunction of enzymes and
cofactors (water-soluble vitamins B2, B6, B9, and B12) associated with the metabolism of Hcy,
especially in the elderly population. HHcy can be related to increased Hcy production by

transmethylation, decreased Hcy removal by transsulfuration or remethylation, or a decrease in the
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Hcy excretion (Koklesova et al., 2021), however, may be prevented by polyphenols, potent
antioxidant compounds with anti atherogenic properties (Noll et al., 2011). The use of vitamins to
modulate homocysteine metabolism substantially lowers the risk by reducing plasma homocysteine
levels (Sim et al., 2016).

Further, we found that the treatment with the (EtOAc) extract of A. armatus (100mg/kg) was
effective in protection against HHcy in mice fed a diet rich in L-methionine by decreasing plasma

Hcy levels, indicating that this medicinal plant has the potential to reduce t-Hcy levels in mice.

Our results are in agreement with the previous experimental study (Aklil et al., 2017; El-Saleh et al.,
2004; Haddadi et al., 2017). They reported that HHcy was induced by the high dose of L-
methionine in mice and rats and confirmed the significant protective role of Argania spinosa extract,

Thymoquinone and Nigella sativa oil and lyophilized prune extract against situational HHcy.

In vitamin therapy, it could be also combined to an antioxidant treatment obtained from natural
phytochemicals, a source for natural antioxidants to protect against the homocysteine mediated free

oxygen radicals damages (Benmebarek et al., 2013).

Recent studies have proven that antioxidants can lower Hcy levels very effectively (El-Saleh et al.,
2004; Celik et al., 2017). The study of Labed et al., (2016) show that the ethyl acetate extract of A.
armatus contain a flavonoid and this extract exhibited the highest antioxidant activity in DPPH,
ABTS and CUPRAC assays. Phenolic compounds as well as flavonoids are well-known as
antioxidant, which are responsible for their health benefits, curing and preventing many diseases
(Tungmunnithum et al., 2018). The protective effect of the (EtOAc) extract of A. armatus against
situational HHcy is probably due to its high content of flavonoid compound known as powerful

antioxidant.

Furthermore, we detected an increase in the concentrations of Tch, LDL-c and TG, as well as a
decrease in HDL-c following the oral administration of L-methionine, our result demonstrated a
positive correlation between Hcy and the lipid profile (Tch, LDL-c and TG) as well as a negative
correlation with HDL-c. This is in agreement with the previous experimental study by (Obeid et al.,
2009; Momin et al., 2017; Shaker et al., 2013).

An association between hyperlipidemia and HHcy has been suggested. The present study showed
that HHcy was independently associated with hypertriglyceridemia and low levels of HDL-C, which
provides evidence that Hcy levels might affect HDL-C and TG metabolism (Momin et al., 2017).
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Hyperlipidemia occupies a critical position in the development of cardiovascular diseases, non-
alcoholic fatty liver diseases (NAFLD) and other metabolic diseases. Changes in dietary habit make
hyperlipidemia an issue of public concern, which is characterized by abnormally elevated serum
levels of cholesterol and/or triglyceride with or without low levels of HDL cholesterol (Deng et al.,
2018).

However, results from (Liao et al., 2006) indicated that HHcy inhibits reverse cholesterol transport by
reducing circulating HDL-c. This is done through inhibiting apoA-1 protein synthesis and enhancing
HDL-c clearance. Also the study of (Obeid et al., 2009) demonstrate that the effect of Hcy on HDL-
cholesterol is probably related to the inhibition of enzymes or molecules participating in the HDL-

particle assembly.

Many studies suggest that Hcy-induced HDL-C and apoA-I inhibition represent a novel mechanism

by which Hcy induces atherosclerotic (Liao et al., 2007).

In apoE-null mice, deletion of the gene for cystathionine -synthase (CPBS), which converts
homocysteine (Hcy) to cystathionine, leads to severe HHcy and increased aortic lesions that are
associated with increased plasma total cholesterol (Tch) and decreased high-density lipoprotein
cholesterol (HDL) (Wang et al., 2003).

The increase in LDL seems to be linked to their peroxidation by free radicals generated by HHcy
because this peroxidation inhibits the recognition of oxidized LDL by their native receptors
(Laporte, 2000). The work of Werstuck et al., (2001) proved that accumulation of hepatic
cholesterol and triglycerides in HHcy is associated to an increase in the biosynthesis and absorption

rather than a reduction in the hepatic export of VLDL.

Homocysteine is toxic to vascular endothelium, it promotes thrombosis and potentiates the oxidation
of low density lipoprotein (LDL) in vitro. It has been suggested lately that oxidation of LDL may be
one of the main factors involved in initial development of atherosclerotic lesions (Domagala et al.,
1997).

In addition, the administration of the (EtOAc) extract of A. armatus with L-methionine caused a
decrease in lipid parameters (Tch, LDL-c and TG), showing the beneficial effect of this plant in the
treatment of the hyperlipidemia. This protection related to the decrease level of Hcy and therefore the

suppression of their cytotoxic effects on different organs.

Due to the severe consequences of hyperlipidemia, the prevention and control of lipid metabolic

disorder is imperative. Although many conventional pharmaceuticals are currently available for the
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therapy of hyperlipidemia or some new target therapeutic drugs are under scrutiny in the clinical
research, they may have significant adverse effects on health, such as myositis, myopathy and hepatic

enzyme abnormalities (Mahamuni et al., 2012).

Investigations have revealed that polyphenols play a key role to prevent various diseases, like

hypercholesterolemia, hyperglycemia, hyperlipidemia, and cancer insurgence (Abbas et al., 2017).

The findings of the present work indicate that a MeOH extract of P. Auidiatu stems and it flavonoids,

may be useful for the treatment of hyperlipidemic disease (Choi et al., 1991).

The study of Seo et al., (2010) proved that high intake of antioxidants appeared to be protective
factor against atherosclerosis, possibly exerting a pro-oxidative effect on LDL when combined with
high levels of Hcy and LDL. Recent evidence suggests that some polyphenols in their purified form

have beneficial effects on dyslipidemia in humans and animal models (Mulvihill and Huff, 2010).

The administration of the (EtOAc) extract of A. armatus with L-methionine caused a decrease in lipid
parameterse showing the beneficial effect of this plant in the treatment of the hyperlipidemia, these

corrections related to the antioxidants components particularly flavonoid of A. armatus extract.

The antioxidant activity of polyphenolics is principally defined by the presence of orthodihydroxy
substituents, which stabilize radicals and chelate metals. The antioxidant effect of phenolic acids and
their esters depends on the number of hydroxyl groups in the molecule. This antioxidant compound
protects against LDL-oxidation (Chen et al., 2004).

Furthermore, our data showed a decrease in GSH and CAT activities as a biochemical marker of
oxidative stress in mice given a high dose of L-methionine. Our findings are supported by the study
of (AKklil et al., 2017) who reported a decrease in GSH and CAT levels of mice treated with 400
mg/kg of L-methionine for 21 days.

To cope with the damaging actions of ROS, organisms have evolved a sophisticated ROS defense
system (RDS), consisting of low-molecular-weight antioxidants, such as glutathione, ascorbic acid,
tocopherol, and uric acid, and specialized ROS-detoxifying enzymes, such as superoxide dismutases
(SODs), catalase (CAT), glutathione peroxidases (GPxs), and various thio-, peroxi-, an glutaredoxins
(Andreyev et al., 2005; Rhee et al., 2005).

Failure of RDS to cope with the intracellular ROS production results in oxidative stress, which
contributes to the damage and death of cells. Therefore, measuring the activity of RDS enzymes is a
valuable diagnostic tool to determine the role of the oxidative stress in the pathology of a particular

disease (Cristofol, 2007).
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Hcy reduced enzymatic antioxidant potential in tissues. Moreover, oxygen radicals may play an
important role in this specific HHcy model (Boyacioglu et al., 2014), long-term methionine
treatment promotes oxidative stress as it decreases non-enzymatic antioxidant defenses, increases
lipid peroxidation and carbonyl content, alters activity of antioxidant enzymes, and changes in serum
biochemical parameters (Stefanello et al., 2009 and Matté et al., 2009).

Da Cunha et al. (2011) have shown that Hcy significantly reduced GSH content and G6PD activity
after chronic Hcy administration. G6PD is the key regulatory enzyme of the pentose phosphate
pathway, which could promote impairment in the production of NADPH and a disruption in the
cellular redox balance. This is probably in line with the observed inhibition of GPx activity at 12 h,
since the activity of this enzyme depends on the regeneration of reduced glutathione by glutathione
reductase, which in turn relies on NADPH that is dependent on a normal G6PD activity (Hashida,
2002) .

In addition to increasing H202 generation, Hcy decreases the cell’s ability to detoxify H202 by
impairing intracellular antioxidant enzymes, specifically the intracellular isoform of glutathione
peroxidase (GPx) (Upchurch et al., 1997).

On the other hand, the decrease in CAT and GPx activities may be explained by the fact that
antioxidant enzymes are inhibited by specific ROS, which are probably formed from Hcy. We
believe that this imbalance between antioxidant enzymes probably alters ROS elimination
(Fridorich, 1986; Vessey and Lee, 1993) , which are probably formed from Hcy (Heinecke, 1987).

Catalase, an antioxidant enzyme responsible for the hydrogen peroxide degradation, is protective in
many diseases. Catalase inhibition by homocysteine may increase the levels of hydrogen peroxide
and play a role in the pathology of disease. (Nathaniel, 2008). The inhibition of catalase may be the

mechanism for homocysteine enhancement of inhibitor amyloid-B8 (Milton, 1999).

Further, administration of the (EtOAc) extract of A. armatus in combination with methionine rich
diet elevated plasma GSH and CAT levels, The (EtOAc) extract of A. armatus has been confirmed to
contain flavonoid wich indicated the highest antioxidant activity (Labed et al., 2016), the
antioxidative properties of flavonoids are favoured by a high degree of OH substitution. On the other
hand, inhibition of enzymatic functions other than oxidases, €.g., inhibition of lipoxygenase and thus
prevention of the formation of leukotrienes, may also participate in the cell and tissue protective

properties of flavonoids. (De Groot and Ruin, 1998).
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Our results are in agreement with previous experimental research by (Aklil et al., 2017; EI-Saleh et

al., 2004; Celik et al., 2017; Meng et al., 2013), they demonstrated that the Argania spinosa extract,
thymoquinone or black seed oil and quercetin treatment could have a preventive effect against

oxidative stress produced by homocysteinemia in rats.

One of the possible mechanisms of the protective effect of quercetin could be associated to its
antioxidant properties, which rise antioxidant enzyme activities like SOD, CAT and GSH level, non-
enzymatic antioxidant, in plasma (Meng et al., 2013).

Flavonoids are also responsible for the stimulation of antioxidant enzymes. Its ability to trigger the

generation of antioxidant enzymes in human body. (Soto et al., 2003).

A.armatus extract is rich en flavonoids. These compounds have been found to modulate expression
and activity of catalase and eNOS in several tissues, increases catalase activity in guinea pig cardiac

tissue (Floreani et al., 2003).

Cardiovascular diseases and liver damage are major public health problems. HHcy has been
associated with cardiovascular disease, and defects in methyl group metabolism are among key
molecular events thought to play a role in liver injury (Selicharova et al., 2013). Oxygen free
radicals, caused by HHcy, affected not only heart tissue, but also liver and renal tissues (Boyacioglua
et al., 2014).

Histopathological examinations in hyperhomocysteinemic mice, showed an appearance of structural

alterations on the aorta, heart and liver tissue damages. This was observed through lysis and necrosis

in the muscle fiber structure, and mononuclear cell infiltration between the muscle cells in the heart
tissue, the aortic intima showed desquamation of endothelial cells, we also remarked in the media
lysis, gaps, formation of foam cells and oval nuclei, our results are in agreement with (AKklil et al.,
2017; Benmebarek et al., 2013) which reported that the oral administration of L-methionine exerted

an angiotoxic activity on the aorta and a toxic effect on the heart.

However, liver lesions were observed in mice treated with L-methionine resulted in severe
pathological liver damage marked by necrosis, change in the shape of hepatocyte nuclei and hepatic
steatosis. Our results agree with the study of (Benmebarek et al., 2013 and Taravati et al., 2013),

which reported that an excess of deity methionine causes a toxic effect on liver and heart tissues.

A moderate elevation of plasma homocysteine is a risk factor for atherosclerosis and arterial and

veinous thrombosis responsible for coronary heart disease and ischemic stroke incidence and
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cardiovascular disease mortality (Bhandari et al., 2011).

HHcy acts via oxidative stress to promote myocardial fibrosis and dysfunction (Joseph et al., 2008).
Increased oxidant stress appears to play a pathophysiological role in the deleterious endothelial
predispose affected vessels to the subsequent development of atherosclerosis predispose affected
vessels to the subsequent development of atherosclerosis effects of homocysteine (Kanani et al.,
1999). An association between the presence of abdominal aortic aneurysm and high homocysteine
plasma levels has been mentioned, homocysteine plays an important role in development of aortic
dissection (Takagi et al., 2005), the results of (Lamda et al., 2014) show that elevated plasma
homocysteine increase cholesterol synthesis, exerts an angiotoxic action direct to aorta through loss
of endothelium, degeneration partly with dissolution of media cells.

Hcy induced oxidative damages both in heart and aorta by increasing lipid peroxidation and oxidized
proteins since MDA, a biomarker of lipid peroxidation, a parameter of protein damage were higher.
This condition could be related to increasing ROS generated in part by Hcy autoxidation and also
may be mainly related to mitochondria that generated more ROS in response to oxidative stress as

previously reported (Faraci et al., 2004).

Homocysteine has also been shown to in crease DNA synthesis in vascular smooth muscle cells
consistent with early arteriosclerotic lesions and to induce these cells to proliferate while impeding

the regeneration of endothelial cells (Tsai et al., 1994).

Experimental studies demonstrated that HHcy induces endothelial dysfunction (Bellamy et al.,
1998), collagen synthesis (Majors et al., 2002), and deterioration of the elastic material of the
arterial wall through increased activation of matrix metalloproteinases (Vizzardi et al., 2009). Acute
methionine-induced HHcy has been found to decrease NO synthesis and release, through an
inhibition of NO-synthase activity (Romerio et al., 2004). Thus, it is possible that reduced NO
bioavailability is responsible for the impairment of aortic distensibility observed in our participants
after the methionine load (Eleftheriadou et al., 2013).

The effects of homocysteine on vascular hemostatic properties have included decreased
thrombomodulin cell surface expression and inhibition of protein C activation, thus probably

contributing to development of thrombosis (Lentz et al., 1991).

Histological analysis indicated the presence of inflammatory infiltrate, fibrosis and reduced content
of glycogen/glycoprotein in liver tissue sections from hyperhomocysteinemic rats (Matteet al.,

2009). HHcy results from a hepatic metabolism dysfunction and is characterized by a high plasma
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homocysteine level, which lead to hepatic lesions and abnormal lipid metabolism (Latour et al.,
2015). The study of (Noll et al., 2011) found that HHcy leads to a decrease in hepatic Ngol gene
expression and activity with a reversal opposite effect of polyphenol extract (PE) supplementation.

Since the liver has an important role in the Met metabolism (Finkelstein, 1990), it has been proposed
that elevated levels of this amino acid can be highly hepatotoxic (Hardwick et al., 1970). In this
context, some data from the literature showed that disturbances of the Met cycle might result in
hepatic damage, such as liver cirrhosis (Avila et al., 2005).

While the administration of the (EtOAc) extract of A. armatus with L-methionine caused an
improvement in histological changes, and corrected the structural abnormalities observed in the
aorta, heart, and liver tissues. The work of (Aklil et al., 2017; Benmebarek et al., 2013) proved that,
HHcy induced by the high methionine diet, could damage the aorta, heart and liver tissue, and the
treatment of these animals with Argania spinosa powdered seeds and Stachys mialhesi extract
respectively corrected these alterations. The results of (Yal¢inkaya et al., 2009) indicated that
taurine has protective effects on HHcy induced toxicity by decreasing oxidative and nitrosative

stresses, apoptosis, and necrosis in the liver.

Possible protective effects against heart disease may be due to the ability of some polyphenols to
prevent the oxidation of LDL to an atherogenic form although anti-platelet aggregation activity and

vasodilatory properties are also reported (Duthie et al .,2000)

The (EtOAc) extract of A. armatus has been confirmed to contain flavonoid wich indicated the
highest antioxidant activity (Labed et al., 2016), the antioxidative characteristic of flavonoids are
favored by a high degree of OH substitution. Furthermore, inhibition of enzymatic functions other
than oxidases, like inhibition of lipoxygenase and thus protection of the formation of leukotrienes,
may also participate in the cell and tissue preventive properties of flavonoids (De Groot and Ruin,
1998).

The results of evaluation antioxidant activity of n-BuOH A. armatus extract by four methods: Total
antioxidant by phosphomolybdenum assay, assay of reducing power, free radical scavenging assay,
and metal chelating assay showed a low activity. This result can be remarkable compared to the study
by (Labed et al., 2016) which shows that the antioxidant activity of the AcOEt fraction higher than
that of the butanol fraction of A. armatus extract, this is probably due to the richness of the AcOEt
fraction in aglycone flavonoids like isolated isorhamnetine, in fact it has the first two criteria that

influence the quality of the antioxidant activity, as for the butanolic fraction, it contains 3-position
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glycosylated flavonoids, significantly reducing antioxidant activity.

Cancer is a major public health burden in both developed and developing countries. Anticancer
activity is the effect of natural and synthetic or biological and chemical agents to reverse, suppress or
prevent carcinogenic progression. Several synthetic agents are used to cure the disease but they have
their toxicity and hence the research is going on to investigate the plant derived chemotherapeutic
agents (Shaikh et al., 2016). Antiproliferative activities are widely studied for medicinal plants and
other common sources (Demirtas et al., 2009).

The anticancer properties of n-BuOH A. armatus extracts against HeLa and C6 cells were tested
using the BrdU ELISA cell proliferation assay and compared to the positive control of 5-florourasil
(5-FU). The extract exhibited various anticancer effects at different concentrations, the
antiproliferative activities of n-BuOH A. armatus was shown to increase of the activities depending
to dose increasing against HeLa and C6 cells. In addition to, the n-BuOH A. armatus was
determined to have the higher antiproliferative activities against C6 cells than against HeLa cells at
the concentration 100 pg/mL. However, n-BuOH A. armatus extract (1C50: 54.048+0.012 pg/mL
against HeLa cell and 1C50: 79.425+0.030 pg/mL against C6 cell) has lower antiproliferative activity
compared with standard compound at all the concentrations. The potency of inhibitions (at 100)

against HeLa and C6 cells were: 5-FU> n-BuOH extract.

The phytochemical study of n-BuOH A. armatus gave four flavonoids (Labed et al., 2016),
flavonoids are plant bioactive compounds of great interest in nutrition and pharmacology, due to
their remarkable properties as antioxidant, anti-inflammatory, antibacterial, antifungal and antitumor
drugs (Fernandez et al., 2021), Studies in vitro and in vivo have shown that some flavonoids
modulate the metabolism and disposition of carcinogens and can contribute to cancer prevention
(Senderowicz, 2001; Carroll et al., 1998). Flavonoids have been shown to induce apoptosis in some
cancer cell lines, while sparing normal cells, flavonoids are particularly effective at inhibiting

xanthine oxidase, and therefore inhibit tumor cell proliferation (Ren et al., 2003).

Flavonoids have antiproliferative effects and induce apoptosis in different cancer cell lines. As free
radical scavengers, flavonoids inhibit invasion and metastasis (Di Carlo et al., 1999; Kuntz et al.,
1999). Nijveldt et al. (2001) reported that flavonoid compounds were cytotoxic for cancer but not for
normal cells. Flavones also regulate macrophage function in cancer cell elimination and are potential
inhibitors of cell proliferation (e.g., apigenin and luteolin). An inverse relationship exists between

flavonoids in the diet and the occurrence of lung cancer (Kro'l et al., 1995; Nijveldt et al., 2001).
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Conclusion and Perspectives

In this research work, we have demonstrated the effect of hyperhomocysteinemia on cardiovascular
disease, and explored the possibility of influencing hyperhomocysteinemia by administration of high
dose of L-methionine (400mg/kg) during 21 days in an in vivo animal. Therefore evaluate the
protective and preventive effect of the ACOEt A. armatus extract against the metabolic and structural

disorders induced in L-methionine treated mice.

On the other hand, evaluation of antioxidant activity and antiproliferative activity of n-BuOH A.

armatus extract were carried in vitro.
Consumption of high L- methionine diet (400mg/kg) during 21 days, resulted in:

e A significant increase in plasma Hcy. Furthermore, we detected an increase in lipid
parameters concentrations, and a decrease in HDL-c, glutathione reduced (GSH) and catalase
(CAT) activities.

e Histopathological examinations in hyperhomocysteinemic mice, showed;

e An appearance of structural alterations on the aorta, heart and liver tissues damages, This was
observed through lysis and necrosis in the muscle fiber structure, and mononuclear cell
infiltration between the muscle cells in the heart tissue, the aortic intima showed
desquamation of endothelial cells;

e We also remarked in the media lysis, gaps, formation of foam cells and oval nuclei.

e However, intact liver lesions revealed in mice treated with L-methionine resulted in severe
pathological liver damage marked by necrosis, change in the shape of hepatocyte nuclei and

hepatic steatosis.

While the administration of the AcOEt A. armatus extract (100mg/Kg) with L-methionine
(400mg/Kg) caused: a decrease in Hcy concentration and lipid parameters, an increase in GSH and

CAT activities, and an improvement in histological changes.

However the results of evaluation of antioxidant activity in vitro of the n-BuOH A. armatus extract
by four methods: Total antioxidant by phosphomolybdenum assay, assay of reducing power, free

radical scavenging assay, and metal chelating assay showed a low activity.

While the anticancer properties of n-BuOH A. armatus extracts against HelLa and C6 cells were
tested using the BrdU ELISA cell proliferation assay and compared to the positive control of 5-

florourasil (5-FU). The extract exhibited anticancer effects at different concentrations, the
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antiproliferative activities of n-BuOH A. armatus extract was shown to increase of the activities
depending to dose increasing against HelLa and C6 cells. In addition to, the n-BuOH A. armatus
extract was determined to have the higher antiproliferative activities against C6 cells than against

HelLa cells at the concentration 100 pg/mL.

The phytochemical study of n-BuOH A. armatus extract gave four flavonoids, this preventive
protection of A. armatus extract, might be related to its content of many antioxidants and a flavonoid

compounds known as powerful antioxidant.

The results obtained in this study show that the plant A. armatus can be considered as natural source
in the prevention against cardiovascular and cancer diseases.
Our future research and views can assess a wide range of subjects based on the results of this study,

including:

» Determination of antioxidant enzyme superoxide dismutase and glutathione-s- Transferase.

» Study the gene expression of antioxidant enzymes.

» Determination of pro-inflammatory cytokines in mice administered with high dose of L-
methionine and treated with A. armatus.

> Isolate the specific antibacterial principles in A. armatus.
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sladi) 33 (Weckbercker and Cory, 1988) 45 yh ddaul 3 a1l 4 (ol glall 3 5 st o
pladin) ai @l aay cdada Al (8 Ay ) gh Adeay AS ¢ 3l Lea i ) gaaldl a5 o yaill i
ol a3 BB 5 )5 e axy (DTNB sl RllS Jlasinaly ¢ 580 slall 408 3 jolaal (uilaiall 281 (3 s
(e sl ebie o i sili 412 die 44 sl 28U
Al Aapally ()5 slall 58 5 s o5

OD x 1x 1.525

GSH (nmol/mg of protein) =

13100x 0.8x 0.5.mg protein

4 sall 4K - OD
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Ofis ol & 3 A Jslall KU aaall o]
GSHu=ad & daxdiual Jolall S aasll 11,525
Slegili 412 s — SH apenill die abaia¥) Jelase 113100
homogenat sample “wilaall Lie axa:0.8
supernatant <ts s~ :0.5
:Catalase Nusl) hldi (uld 3.3 .3
e 5, Al 4 1Y) 13gh ((Aebi, 1974) 48y ylal By Guilaiall 281 (§ saine 3 5K Lol api o
Ll 3OS aLis (el o5 el 5 ele A3 ) H202 Gl 2S5 s Julas

-odla je Ao Chasy Jelal) f adted

Catalase-(Fe I11) + H202 [Catalase-H 20-(Fe V)] + H20
[Catalase-H 20-(Fe V)]+ H202 —— > Catalase-(Fe 11) + H20 + O2
2 H202 2 H202 + O2

| 15) aal A3y saal yie ¢l 240 die dnalaial) & Rl il Gk o K Ll aas

:AE Jgaall A dsiia e Aaal) 48y Hhall H202 Dlginl aagis (6 60

02: Jyaall
(nL) Ll (pL)<binl) i) g<l)
800 790 (PH=7.5) uM100 Sliws sdll J slae
200 200 H20:2
- 10 3 sl L]l Jilul
osilaiallasl

AN A8l 8 e g 5a LeS a3y Allad 0 2 ladey
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ADO

Catalase activity (mmol H202/min/ mg prot) =

e XL xy x Fd

i gl BEN:AD
il gl Faalaia¥) Jelae g

Uaxiisall Cid S Jsha: L

Ol S 1y
—addsl) Jale: Fd
sdoaaadl) cileUadl) juaai 4, 3

Ol e JS Clie pan 5 Ol i &5 AdlaS sl Jdladll o) aY adll Clie pan an

AN Jal el o 438 gaim y jema i gad ol jaY Sl 5 il ¢y 5Y)

@ AT ol oelld any (0.97) ldndlly ale Jslasy diailal dausl) maen (0 Cliall Gilad
Ll m yr 710 Aty il J e ol o (55838 paa )l 8
Leisl ) Cslill 58 5 Baal JsaSl Cpgy Jslan 3 Jays¥) GLodll (e Adlida) o) 3aY) Cuauay
(alad
JS 330 (%96 5 75% «50%) 3 3ie S5 sy JsaS Gl sl aladiuly slall g 30 a3 @lld 2z
L1 A0 Bl J 53 gl (B () 385 5 e ye 3 Al ye IS 2l 0230 M ss Al e
(38 10 S pleall st o) 4385 20 3ol (ply S Jslas b aua s
Aa o Bliall oy digs 30 5 5as) s el alea JS 5a0) ol b Cileban 2330 1058 L) a4 yalall

Fysiada 60 e ol a
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Arnay Lei ol a5 (5 jeaall g lalally il wdali o3 L) ) ol jall Al o 4 giaall cpd) L1 J5S JiS03
.(Hematoxylin eosin)
5l 5 Ay ) G el g ¢ s A 50) il Aaiaal) e Chadl sy

ﬂMuMé%Pm\ﬁb&\ﬂ\#

swaay) Judadll 5, 3

IS8 8 30uS Balimall e 3] 5 0 saall ¢ Cpations ga sell (e JST A gonll AilaasSl) adGlail) apal o
Jhia) ddaud 1 e ganall G &8al) 6l ja) &3 5 ((Mean £ SEM) bl Uadlls 4 gaian Jilug
ANOVA oai) galal
A. armatus 4 (N-BUOH) (A siligd) sl 30 dlilaal) JalLil) ol ;L
+5uSM Balizaall 4081 5 a8l sy

o sl ga sius 5l 48 )l £ Ly aldivnall 52083 Baliaall IS 6 58l (il
.(Prieto et al., 1999) phosphomolybdenum
(e Sl 0SS
MM 4 4555 sa¥) Gl ga -
MO0.6 Cu Sl aes -
MM 28 4 523 sl Clins 6d -

plladl 44y ylal Wb 5 jia 55 695 aie Gabiaie¥) (e Aailll & siaand o sdndll el dualiaial) 3ol 8
.(Ozenetal., 2017)

Al pSat jealinS ey ) KUY (mes s BHT 5 BHA plasiul o
:Aal) YY) B a8l jda 2

Jss I Fe *3 (Ferricyanide) «=S e Julii ) 4 jiaall 300SY) Cilalizas (a5 ¢ Jial) 1aa b
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.(Oyaizu et al., 1986) i« 5L 700 e dpabaia)) (bl Gk oo 38 ket
A JI Y3408 L caal ) ) Jelail) a8 Alled (aéds 5 )8 4l dgall Mall (aliaial) o ) Ly
Aala) aSad b€ @l 5 SV e s trolox « BHTBHA alasial

: (DPPH") 3 adl jgdall ali®) o 8 ,a80 jad) 3

Ol (53 Jstaall i (a5 (e (el (il 48y sl Al O slaal 35 5SIY) ) Adaiil g
.(Blois, 1958) 4yl & 55 all ) saall ase Jalial ) s )Y
uaaa strolox « BHT ¢ BHA (3o JS Creadinl | yia il 517 die Jaglall aliaial 48) e o
Aoy pSa3 jaliaS dly ) S

Al 2a35uly ¢ DPPH (s) sk (a A 50 Zoui€ LA s o

Free radical scavenging activity % = [(A532 (blank) - A532 (sample))/A532 (blank)] x 100.

Ol GaBlAiu) e 5 a8l LA 4

alaxiul ¢ (Dinis et al., 1994) 4& )k slil (aldiuadl Gabeall (ot Je 358l (uld &3
(o s i€ LA s o5 5 i i 562 i alaaial) 6] B Casi  ihay) pSad jeaiaS EDTA
Aapall Gy Fe2 + (s oS e (s Jay

Metal chelating activity % = [(A562 (blank) - A562 (sample))/A562 (blank)] x 100

hlidly sail) e A armatus 4l (Nn-BUOH) (Asitigs) pusll AlBgl i) oLt
C6 DAy Hela WA Jia Azl puad) LYAL) (2 (g S0l
1030 g eaad 1

dslae A (Ul gled a)s) C6 WA (ol aalll Gie GUayw ) Hela WA skl &
2T G e 75 Ay e ga (B ¢(z-Opaasia i ) e 72 5 FBS 710 &« HG DMEM-
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LA cliad laany LS 5 o(pSiIIS (5 S8 daals (sl and cciladl) sl it (A o0 K1)
(e paall Ludh 8] i, EDTA G Al a0 Ja 10 plasinly de )0l 3,50 (0 C6 5 Hela
Ll o3 (LS5 ¢ Nive NF 800) Sles ddanl s (s 3Sall 3kl lee i lday s akali g g5l oy

CEDEX e phaiuly Glaall 1 (& LD 58 5 a3 o5 5 4l salad) ae Lawgll e Je 5

.(Demirtas and Sahin, 2012) HIRES Cell Counter
sLOAY) i @l s 2

COSTAR, ) Gk JS (b s 30.000 U Gab 96 (e 4s%e del ) bl & LA ¢ 55
5 510 20 <30 <40 <50 <75 <100 xS Al xie Gl LU 4 ) <l (Corning, USA
I J gl WIAD et &3 &5 standard compounds 4wl CLS jeS FU-5 adiul | da/pl e 5 Sae
A450 LA K3 4w coas (BrdU LA SIS ELISA assay reagent JWa) allS guks Ja
O A she A€ gl oy 3 &5 ((Awareness Chromate, USA) dasall &1 91 (5 )8 aladinly jia 5ils
rAsuall 38 5 Lo ISS Japfil 4 bl dpudl) Cass LJA) IS T

[(1-Atreatments / Avehicle control)] x 100.

Ay daga p<0.01 ad el 3 ANOVA zalip phaiuly dile senall o GEEAY) HLAA) &

el Adal 5o Ledulas

(Sahin et al., 2014)«SPSS (version 11.5 for Windows 2000, SPSS Inc)

97






s ally Ll

lgale Juaaial) ilill
oo Adle Gle ja eyl Sl M de senall 3 Ol sasell b lelii) Lgle Jeasiall gl ciy e

Sl ssing Lole lelie cal gl il aalall de gena a5 F de sanall g 4 jlie (35/a0 400) (i siisal

el 8 s e sell o651 e aall A 8 Al (aliiue delad iy L 13a ¢ (1)
21 & )yl & Hey it 90 sl e A, armatus (=laies s L-methionine Ll 11 Jel

dallaall de saall (MP) <L-methioning = dsllaal) de sasll (M) c2alill de gana (F) z Dl (3 Lo g

A. armatus galiiea Al de saall (P) <A, armatus s L-methionine paliiue

AU abaiall g il sSI e gy 81 (e S8 AlaaS sl Jallaill 4pnaills Lgple: Juaniall i) < jedal o

B Ao Anal) liig pl) (b il Uik 65 e Ay Lol (TG) 2831 o83l 5 (LDL-c)

Ay 5 (3S/n 400) Opisfiall e dlle Gle o s Sl M de seaall 2l 5 iiee dagty (HDL-C)
(1 /e 0.5) B8 (8 sansa o (s sing Lale Telae cl gl il F aalall de sane ae 40 )l
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Gsadl ¢ (LDL-C)AS (midiall Jy yind sSU ¢Jssid sSU (ga ISV | piina Linlid) gl cuiy Loty o
G e e a il il MP e seaal) (& (HDL-C) 48US) dlle dgaall ciligiy i 5 (TG) 4l
& Al Galdiie dlad 5 )0 ufly Lae ¢(2) JSAN AL armatus s paldiee ) ALY (o sl

Js i QU ¢J s sind Q1) il e A armatus (=laies s L-methionine Ll ;2 Jsadl
() il 3 (HDL-C) A4S dlle dgasll il 5l (TG) 45 ¢l 5 (LDL-C) LS (midial
(MP) « L-methionine- 4allaal) dc saall (M) c2alill de gona (F) g3l e s 21 B
A. aliing Aallaal 4 2l (P) ¢ A armatuss L methioning (aliiue dalladl de gl

armatus
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G VB 5 Jaaall (sl sladl e IS5 pine Ay Lialads) i) iy 500SY) Cilalizas Lalial 4l o
G F Ll de gane ge 4 )lie Gl 5 (38/3 400) O siisall e Adlle e ja el gl 3 M e sanall
Ao sanall Ciin Gaa B cile sanall (B Liad 5 8 /30 0.5 B8 (3 gmana o s sing Lale 1elae s
JS e Lels ) AL armatus 4 palaiue A 48LaYh o gl (e Alle Gle n Gl s SIMP

[(3) SN YD 5 J sl ) sl glall (g

5 05l slall ) Ay 1Y) 3008V Cilalias e AL armatus u<alsiee s L-methionine Ll :3 Jsall
L— dalledl de saall (M) L&l de gana (F) oz Ol (0o g 21 I ol ydll & (VLGS
e saall (P) ¢ A. armatus_s L-methionine galiiue dalledl de sl (MP) ¢methionine
A. armatus galiiue dallal)

400) o sl e ddle e s gl Al M de sanall sal daail) adaliall 4y jeaall duljall < yedil @
8l il Ay i Laall LA G 8 53l) B 5 LAY Jlui g dbimall GLIYI Ay (3 ja0 5 DS (4S/4n
(i seda Wl Ly cddalall Dldad) a8 oy s¥) sl Ladl) adaliall iy Laiy ¢ (4)JSE))
Liaa 288 2 gpeail Ay Ll ¢ (5)JSEN ans sl) AGdall 3 4y sall 5 il 5 45 )1 LAY JS

Lad Olaysn seds e Sl LA (598 S5 (8 it g « )AL Saay (o) 22l (2SH ] (ol
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Al il ciiy s Al dga e (6)JSEN 6 AY) Cle ganall ae A3 ae Gy 5 g2l aaial ) el A
S ALaYL il e ddle Gle ja s il MP de seaall ool dml) adaliall & peall

A g Y Gl eclal) (e JS sl Al AL armatus A Galites

(D 5C) calill de seaa (B 5 A) ghall e Loy 21 JUA el il 4 jemne 4d3a3Ma 14 JSA)
(F) <A. armatus 4is paliiue g (i siall dallaall de ganall (E) ¢ siall Anllaall de ganall

A, armatus Ads (alitug Al de seadl)
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B cC) c&m\&w (A) 6GM‘L.)ALA‘5:\21 DA 69.193;)[\ u\gy@ud@w&;)m A A
e saxall (F) <A, armatus 4is el 5 (1 55all Aalladdl (E) (0 siivalls dalladll de sanddl (D

A armatus 4y (aliiug dallal)

(D 5C) cxlill de sana (B 5 A) el Go Loy 21 Ja 2l il 4y jemns 41aaDle 16 JSA)
e sexall (F) <A, armatus 4is galiiue g (5 siiell dallzall (E) ¢ siinally dalladll de sandll

A. armatus 4is (aliiog dallall
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daanial il i AL armatus 4l (Jslsd) uSl 520800 aliaall bl apdil sl 4wl 0 3 e
oaliB) o 3 aEl) Hlaal Al FAY) 50l HLia) anSO saliaal) AN 5 jadll ladl) w3k ah e
Jadll b dmiiiae 5,08 Ualin Cjelal epaladd) (adainl e 30l Lss) ((‘'DPPH) sl saal
Bl Caladll adatiul Goall sl Galsd) e 5l A EAY) 5 ,0al ALl 3ausO aleadl)
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A. armatus Al il sl HuSl 30O sliadll JaLaall ayisi (3) Jgaal)
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Ly sl Je A armatus daal Jsilisll Sl S8 58l & Jias ) A Al Wl e
calial 138 (e ddlina 30 5 Jleaind G «C6 LA 5 Hela LA Jie duilla ol LAY and (o il
I ALaYL C6 WA s Hela WA Jie 4l juall LOAD (axd (o SH Jaliill 5 ail) Japdi ) (505
aa K salias dAle Al e gy 4l A armatus 4 Jsilisd) Sl paliiie andi &8 el

(8 ¢7) JSEYI b zmam e ot LS o/l o2 5 Ssa 10055 5 2ie HeLa L, & i C6 LA

against HeLa cell

100 -

0
|

=2}
—
1

f .
[—}
1

Inhibition (%)*

o 8
| 1
[

100 75 50 40 30 20 10 5

Concentration (ug/mlL)
En-BuOH extract OS5 FU

Hela W& ba Jiés FU-55 A armatus &3l J il gall sl ST sbaal) bl 1(7) Jsd)
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against C6 cell
100 -
- 80 -
2
— 60 _
g
S
2 40 -
E 20 - l
0 I T T T T T
100 75 50 40 30 20 10 5
Concentration (ug/mlL)
En-BuOH extract O5-FU

.C 6 WA La Qe FU-55 A, armatus 2l A sil sl sl Kl sliall Ll 3 (8) Jodd)
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B (gaal) ol gaggd) Cilygina o cpighiall e ddle cle ja A il

A. armatus 43 paliiual A8 gl jeall g dray Y sy ciiliias

5 eclil gl 5 5l vie |-methionine cuisfisadl (e Osfivsns sa sl Z U S5 ladl 8 G SH LS
Caxglls GlIA « homocysteine ¢ Y L-methionine oyl Lk | a8 ¢ a1 bl 138 o jias LY
(sl (Oafiann ga sell) Dlsiuse o sl e Alle Gle ja gl ) BT mua 5 e Uleal ot )
L) (A Aime sbmel sl QS e g (VUKD 5 0 o glall 3 35Y1 5auSY) cilalias
A, &y (aliiad Bl 5 adkal) i) apds L Glly ) ALyl oyl 8 (Al g Qlil) ¢ oy sY)
e L 21 A (&8 / & 400)  L-methionine ¢« 4dle de ja e da3lll &l ,edl e armatus
ol

Lasiye sl dale dl O (b Cptionnns sa sel) Ol sine L0 Saaly (531 el Gaflassus a5 Ja i iy
sl Slgal¥) 4 sy il aiiey s ((Boyacioglu et al., 2014) dssel) due V15 il il el
.(Derouiche et al., 2014) dsall ) pa¥) e aal) a5 a1

b it ga ggll Do i Alla skt 8 Lala 1500 B12 5 B6 clisaliadll 5 el il aes (yalli cualy
.(Domagala et al., 1997)
s It gl LS je dand g pdl) Gatinn e ga baji e Al (S Al Gl e daall iy
(Noll et al., 2011) cl i) caliail 3alias Gaibiad i) 3auS salias 4y 58 LS ya

Jls ok e Dbl (e aS ISy JI) Gl se sell QM Joaeil il aladiul
(Sim et al., 2016) L33l (8 G sa sell Sy sise

324l Ol sl (38/3w 400) Comisiizall (00 Aglle e ja 53 A1) il ) Lgdde Juasiall il ¢ jekil
Agiaal) i g sl e IS e Lain (gl Gt sa sel) (e IS il gie pla ) ) sl 3B a0 21
) ol Le 13m o prina Laleds) (VUKD 5 ¢ 5l slall) day 5391 50uSY) cilalias 5 (HDL-C) 435S 4 e

A5 a g Y bl el e JST dmaal) Al (A )l Gl
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A el ) @l a0 21 33 )l (383 400) Oisiaall e e e ja Il Gf i Ll
) O JS ARl Ay padl)l Al Al pe lgle Jgeaall &5 Al Al @81 65 caall s e ga Lo 8
Sle Sl Hlan Blgaul of @ ekl Al (Boyacioglu et al., 2014; Derouiche et al., 2014
el (A Gt e sedl Jajd sag LUl 8 G se sed) duas (83508 3ol (8l (sl
5l o i) g Lo jes Slile (i ga sel) Jrag (3 Cundl () Sind 5 e giia dpa je il e
. (Noll et al.,2011) s2uSll algay) L 3

O IS e i (TG)s (LDL-C)¢ (Tch) 4dull ¢aall 58 5 4 53l ) Ladss) eelld e 553
Lalias) (OYUISY 5 ()5 slall) Ly 35Y) 32uSY) Clalian 5 (HDL-C) 48N dle dpaall lisi sl
ALl A el Al e 3 138 a5y 21 B2al Aile ey (38/de 400) G stinal) J5U dny | ysins
Lls )l 29a 5 7 581 285 «(Obeid et al., 2009; Momin et al., 2017; Shaker et al., 2013) J: (»
Ol 4wl 2 A (Obeid et al., 2009) cm <3 o 5 Gt ga sed) Ja 3 s 5 22l 3 0 saal gl ) oy
Ald &y 5 el HDL-C Jilii Ga ke o (oSl J g il 811 a5 Japii e Jary (s e 5¢d) Do 3 Al
HDL-C &éai 3 35 apOA-1 (g ) Galas Jadts JBA (4a

138 Y ¢Oatian ga gl gl ) (e Al 3 all ) sdall ddau o Leiansh ddasi yo LDL B 33L3) 58
il 2 cadl (Laporte, 2000) dla) 4dliine ddan) ¢ 2S5l LDL o <oyl piay 2S5 il
gli)) Ala ge mlil) okl & 40 eaally il S oS5 of (Werstuck et al., 2001)
Ol o3 pabiaia¥l s (g saadl Gadaill A 5aly 5l Jasi 5 G sa sl

SYUISD 5 5l slall daay 330 30uSY) Claliae ddadil 8 Walaas) Uil < yelal s il dga (e
il A A A ol ae 335k e 13a o sdiall e dlle e ja ellae) die Gl & CAT «GSH
adl shall Caali 5 cdal) L de 3 5auSY) Cilalias Ll e Jalil e Jasy Gt e s¢d) O
oY 13 «(Boyacioglu et al., 2014) ) (& Ctiuss sasell g (o A3l sl oda B Liga 1550
Gaag 3V e 3008 3aliadd)l clelaall (e Iy 45Y ¢ oanSlill dgal) e 2V Jish (i siinally 7l
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Qaill e aia s S Clobiae e 3 Blas uiay s S Gigoals Osaall 308 e 2
. (Stefanello et al., 2009 ; Matté et al., 2009) a2 ;8 4las sl

3 5 cAalall Aacall Janwd Il OISR (e A il el ) ZELaYL A geall Aue V) g il ol jal aad
Siaal) Ao gana G & JIAN) 2ay 5 dy el Ao Y15 QBN () ey pall 8 Cadiassns sa sl g6 ) i)
.(Selicharova et al., 2013) 28 dba) & 1550 ol Ll aiad ) Lo 1 Ay al) Slaa¥) G (g6
glii)) oo Al (oS 3 all 0l ils ol ((Boyacioglua et al., 2014) Ay Gues
SIS g sl Al e Wil i s ecand QI Al (5 giie o (0 Y aal) (B Gt ga sl

Dseb sl aall A Gt ga sl da i cld o) il A A el dmpul) Cila sadll () L) )y iy
) LTI RN [P 1PN PN PEI RN I PPN | PN ([P S P [ PP g B PN LR P
Lo 8 jelal L) sl Al (8 dliaal) LIAD (3153 dpalad LAY Jlad s cdaliaal)
Ay sl 4 W15 Ay se U LA (3 55 el gandll JS5 Wil LidaaY g didUdal)

Jsts o @asi il (AKIil et al., 2017; Benmebarek et al., 2013) 4wl s e G5 Lailis
oo il aly (a1 o) e Gl Ualis G lay o il sl Al e adl) (33 5k 0o (i iinall
Al e

O Adle Gl Cale AN Gl G sl il 4y jeaall LilaaBle Qi ¢ ey ) ddlaYl
el Al seda 5 Al LAY (5 95 JSG (8 iy ¢ Al ey (o2 ASI Al (i (e S (4 g3l
RERTN|

L ol el ) ((Benmebarek et al., 2013; Taravati et al., 2013) 4wl o ae Linilis 585
A Al e Ll o il 050 pall (8t 5a 561

Jially il Alme Cali a8 o sl dea¥) Gk ge pdll B Ot e sed) b8 den
Crpionna ga sl Ja g Alla 8 (ansSll slgay) 3ol of Iy e (Joseph et al., 2008) il &l ol
G kil Aladll dae oW1 a5 Les 4 geall due oD Adalal) Ailadd) 3 Gia e U gl 0 58 1550 ol
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.(Kanani et al., 1999) ! 4l leaty 4,La3l
gy sy ol Aseall Ao oY) daai asay Om Bl asay G LAY & ARl Ay
Ol 13 Fa) skt (b g 1590 O sasedl canly Cam ¢ pall (B (s ge sl Ol s
.(Takagi et al., 2005)

¢Js il KU GlaS e 2wl (B G sasell gl o (Lamda et al., 2014) gl ek
Il e i Jlaill 5 cildaal) Glais A (e Sy s Gl dals 4 gaall e DU Wl 1580 (s las g
Aau siall 48l LA

Gt/ sSilall (s sina alidily Calill o AeilY) Jldll asas ) ASH sl Jidatl sl
pll (8 i ga sl £ i) =iy (Matte’et al., 2009) (s s sl byt dladl) o))yl 3 5 S
S Al ) (g2 Lea L3 (i sa 58 (5 sine L Daalyy gaSH R Jiadl) 8 IS e
.(Latour et al., 2015) ¢ sall oanda e il

gl am Agall 8 Yl OIS AL armatus A8 paliies 3 of Laas s Al a0
oaid b ge Lo Gsobe 5 aalssad (i sfially Gie Gilde Glas cadal il o) ) 8 (pfiuasns a5l
S 38 5 80k ek e (s anSUl Slea ) Sl pa g saall A Julli g L O 3 (s g sed) L e
AU 5 Gl ¢y Y GLEl dsdl Ales ) A8LaYU CAT 5 GSH Asar Y 5208V Clabias
e JS W) el Al ARl Ay ol Al all ae (55 Ll
gl of Y5 26 Cus ((AKIil et al., 2017; El-Saleh et al., 2004; Haddadi et al., 2017)
DnSI Gl el 1Sy e laalls sl B cpisdiall e Allall Ao all e gl (e sasel
2 |yophiled o=laiue 5 Nigella sativa s Thymoquinone <5 Argania spinosa g=liiuwl
2l B i g sel) g )

LSl ol gall (e adde Jgeandl a3 5315 30083 s e o jliie) Wl Sy «clialidlly o Mall
daiiall 3ol eaesY) Hoda ) el e laall dagadal) 3208Y) Cilalicad] jaiae sp g ¢ calililly 33 ga gl
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.(Benmebarek et al., 2013) Civi o sel) ¢\ ) ddasd 5

Jlad aa J<8 s se sed) ol giise (20885 O Sy 30uSY) Cilalian o Aigaall culal jall il
A e S il (aliiue of (Labed et al., 2016) a0 ekl « (Celik et al., 2017)

Clasad 8 e 30U sliae Ll paliiual 18 bl 8y ly o e s sisy armatus

.CUPRAC 5 ABTS «DPPH

zoe Lgie Baae dmia il s Ll ) 5 oSl ClalicaaS culay g3 @) @IS 5 A 1l LS jall e
Sl A o w4 5 ((Tungmunnithum et al., 2018) leie 485l s () a1 (e 2aal)
5281 SlmaS g pmall i BN S 5e ) aal) Ot sasell gl 2a AL armatus paliiud

-

($8

CRlR b s o giall s Aarmatus A paldiee Job ol e il wlly ) dilayl
nfing 32uSY) Cilalias (e 3_yuS laaS J 555 () (Seo et al., 2010) dud s ST aall & ¢ saall Sl sl
Ol sinse ae 02af 2ie DL 520 3008t e ol 5l Al 058 La s e i) calial a5 JalaS
Mbe LflE Al Jsiidgall )5l Gany o ) Aaal) bl pall jads | LDLO A 5 Ot sasell (0 4lle
(Mulvihill and Huff, 2010)<ll gl 5 Glssy) (8 aall G oan JI& e

6l o ediaall e ASYL AL armanus s galiiue Jli 5 elac) ol Ladlss oSl eelly e 3 dle
ALl G el Sl ae Liadls 365 5 «CAT 5 GSH e ) 33uSY) Cilibian (5 g glii ) )
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ABSTRACT

Our research aims to determine the protective effect of the Astragalus armatus extract on plasma homocysteine
(Hcy) rate, lipids, antioxidant enzymes and histological abnormalities of aorta and heart, in hyperhomocysteinemia
(HHcy) induced by high-methionine died in mice, which is an independent risk factor for cardiovascular diseases.
Twenty eight adult male Mus Musculus mice were divided into four groups, the control group (F) was fed with
white bread, group (M) was fed with L-methionine, group (PM) was fed with L-methionine plus A. armatus extract,
and the group (P) was treated with A. armatus extract. After 21 days of treatments, Hcy concentration, lipid
parameters, hepatic antioxidant status and histological sections of aorta and heart were determined. Consumption of
high methionine diet resulted in a significant increase in plasma Hcy. Furthermore, we detected an increase in lipid
parameters concentrations, and a decrease in HDL-c, glutathione reduced (GSH) and catalase (CAT) activities.
These results are associated with the appearance of pathological alterations in the aorta and the heart organs. While
the administration of A. armatus extract with L-methionine caused: a decrease in Hcy concentration and lipid
parameters, an increase in GSH and CAT activities, and an improvement in histological changes. Our data showed
that A. armatus extract is effective in: decreasing plasma Hcy levels and lipid parameters, reducing oxidative stress
by increasing antioxidant status and protecting aorta and heart tissues in mice fed a dietrich in L-methionine.

Keywords: Hyperhomocysteinemia, Astragalus armatus, lipids status, Glutathione, Catalase.
INTRODUCTION

Homaocysteine is a sulfur amino acid. Its metabolism involves two remethylation pathways to methionine, which
needs folate and vitamin B12, and transsulfuration to cystathionine, which needs vitamin B6 (Selhub, 1999). Hcy
can cause widespread hazards to the human body in case of HHcy; defined by the increase in the Hcy level in the
plasma (Zhang et al., 2005). HHcy is related with cardiovascular disease, atherosclerosis and reactive oxygen
(Mendes et al., 2014), hepatic lesions and abnormal lipid metabolism (Latour et al., 2015).

Cellular defense against reactive oxygen species (ROS) are conducted through intracellular systems such as
antioxidant enzymes or decreasing agents such as vitamin C (Filip et al., 2010).
Many studies have confirmed the discount of plasma Hcy level by several phenolic antioxidant compounds and
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plant extracts like coffee, catechin, red wine phenolic and chlorogenic acid (Nygard et al., 1997; Noll et al., 2013;

NolIT et al., 201T; Kim et al., 2017), in order to improve and enrich these treatments, we have focused our study on
herbal medicine. Until recently, plants were an important source of novel pharmacologically active compounds so
many blockbuster drugs are directly or indirectly derived from plants (Veeresham, 2012). Astragalus armatus Willd
(Fabaceae) locally known as ‘‘ketad’’ is an endemic species in Algeria. Furthermore, the aerial parts of A. armatus
contain several bioactive compounds including flavonol glycosides and triglycoside such as narcissin, nikotiflorin,
and mauritianin (Khalfallah et al., 2014). The flavonoid Isorhamnetin was obtained from Ethyl acetate extract of A.
armatus which indicated the highest antioxidant activity in DPPH, ABTS and CUPRAC assays (Labed et al., 2016).
We have conducted this research to confirm and evaluate the protective effect of the A. armatus plant extract on the
plasma Hcy rate, lipid status, antioxidant status and histological abnormalities of aorta and heart, caused by the high
dose of L-methionine induced in mice.

MATERIAL AND METHODS
Material

Plant Material
Aerial parts of A. armatus were collected from Bekira-Constantine (Eastern Algerian) in May 2007. The voucher
specimen was kept in the Herbarium of the Faculty of Sciences (University of Constantine-1) under the number
LOST. Aa.05.07. (Khalfallah et al., 2014). In our study, the extract was tested in the ethyl acetate phase.

Chemicals Material
The concentration of homocysteine in plasma was determined by the Immulit homocysteine Kit (Siemens, Finland),
other used chemicals were obtained from the chemical company Sigma.

Animal Material
The research was performed on twenty eight healthy adult male Mus Musculus mice, 2.5 to 3 months old, weighing
between 30 and 35 g. All animals were obtained from the Central Pharmacy of Algeria and housed in plastic cages
with free access to water and diets for 21 days with experimental diet control. Mice were divided into four groups of
similar mean body weights and conducted under standard laboratory conditions of humidity, temperature and light.
They received tap water and a standard laboratory diet purchased from EL REGHAIA feed Co. (Algiers, Algeria).

Methods

Experimental design

After an acclimatization period of one week, the pubertal mice were randomly assigned into 4 groups (7 mice per
group): The control group (F) was fed with white flour (0.50 mg/mouse), the group (M) was fed with L-methionine
(400 mg/kg/day), the group (MP) received L-methionine (400 mg/kg/day) plus A. armatus extract (100 mg/kg/day),
finally the positive control group (P) was treated with A. armatus extract (100 mg/kg/day). L-mehionine and A.
armatus extract were orally administered to mice with white flour (0.50 mg/mouse) and given free access to food
and water. After 21 days of feeding, animals have fasted overnight and before sacrificing animals, blood samples
were taken from the retro-orbital plexus into EDTA tubes and centrifuged, the plasma was stored at -20°C until
biochemical analysis. The aorta and heart were immediately removed and washed with PBS saline, a fraction of
each animal’s liver was used to determine biochemical parameters while other fractions of aorta and heart of each
animal were used for histological examination. The experiments were carried out in strict compliance with ethical
principles set out by the CPCSEA (Committee for the Purpose of Control and Supervision of Experiments on the
Animal).

Biochemical analysis
Measurement of plasma Hcy levels, lipids status

The determination of the plasma Hcy and lipids status was carried out at the IBN SINA medical analysis laboratory
in Constantine.
Preparation of homogenate

For the determination of oxidative stress parameters of GSH and CAT activities, the liver (0.5 g) was homogenized
in 2 ml of TBS solution; the homogenates were centrifuged at 9000 xg for 15 min at 4°C. After that, the pellet was
discarded and the supernatant was subjected to biochemical assays.
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Protein determination

Protein concentrations were determined by the Bradford method (Bradford, 1976). The absorption was read at 595
nm on a spectrophotometer and the results are expressed in mg/ml protein.
Determination of glutathione reduced

The concentration of the glutathione reduced in the liver was determined according by the method of Weckbecker
and Cory (Weckbercker and Cory, 1988), The GSH in the liver was measured spectrophotometrically by using 5, 5'-
dithiobis-(2 nitrobenzoic acids) (DTNB) as a coloring reagent, GSH levels were spectrophotometrically determined
at412 nm.

Determination of catalase

Catalase activity was assayed in mouse liver according to the method of Aebi (Aebi, 1974). This is carried by
measuring the absorbance decrease at 240 nm in a reaction medium containing 20 mM H,0,, 0.1% Triton X-100
and 10 mM potassium phosphate buffer, Ph=7. The CAT unit is defined as 1 m mol of hydrogen peroxide consumed
per minute and the specific activity is reported as units/mg of protein (Stefanello et al., 2009).

Histological procedure
After the blood samples collection, the animals were sacrificed and organs designed for morphological analysis
(aorta, heart) were quickly removed, rinsed with saline solution 0.9%, and fixed in formalin 10%. The processed
tissues were embedded in paraffin, sectioned at 5 pm thickness, and stained using the hematoxylin-eosin staining
method (AKlil et al., 2017).

Statistical Analysis
The biochemical analysis (Hcy), lipids status, GSH and CAT assay are presented as (mean+SEM). The data were
compared between groups using one-way ANOVA test and Tukey’s multiple comparison tests (SPSS version 20).
Differences were considered statistically significant (*) if P < 0.05, and highly significant (**) if P <0.01.

RESULTS

Plasma Hcy concentration
After 21 days, group (M) plasma Hcy reached higher levels where the mean was (13.48+3.71 umol/l). This increase
is not significant when comparing it to the control group (F) (8.68+1.89 pmol/l) for which P>0.05. Conversely, its
increase is significant compared to the positive control group (P) (7.22+£1.365 pmol/l) where P=0.014. The Hcy
concentration in the (PM) group (treated with A. armatus extract plus L-methionine) is (9.49+3.53 umol/L);
decreased compared to group (M) mice treated with 400 (mg/kg/day) of L-methionine. The significant increase in
Hcy by the high dose of L-methionine was corrected by the plant extract of A. armatus (Figurel).
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Figure 1. The interaction of L-methionine and A. armatus extract on Hcyin mice during 21 days of treatment,
(F) Control group, (M) Treated with L-methionine, (PM) Treated with L-methionine and A. armatus extract,

(P) Treated with A. armatus extract. Values are the means+SEM (n); *p<0.05.

Lipids status
Data showed that after 21 days, the levels of Tch increased not significantly in the group (M) (1.074+0.13 g/I) when
it is compared to the control group (F) (0.99+0.31 g/l). In addition, they lowered in the (PM) group (0.938+0.08 g/l)
but increased in the (P) group (1.19+0.20 g/l).
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However, LDL-c levels increased significantly in group (M) (0.65+0.20 g/l) where P = 0.016 and non-significantly
decreased in both group (P) (0.53+0.33 g/lI) and group (PM) (0.37%0.16 g/l), compared to the control group (F) (0.18
+ 0.07 g/l).

In the other hand, HDL-c levels decreased non-significantly in group (M) (0.7520.185 g/l) compared to groups (F)
(0.80+0.09 g/l), (P) (0.66+0.464 g/l) and (PM) (0.66+0.435 g/1).

In addition, TG levels increased non-significantly in group (M) (1.1940.348 g/l) compared to group (F) (0.92+0.36
g/l) and decreased in both (PM) (0.78+0.060 g/I) and (P) (0.90£0.135g/1) groups (Figure2).

Antioxidant enzyme activities

The values obtained during this study showed a high and significant difference between the groups in terms of mean
concentration of GSH (P = 0.005) as well as for CAT showed a significant difference between the groups (P =
0.042). In group (M), GSH values (10.63+7.15 n mol/mg protein) decreased sharply and significantly compared to
the positive control group (P) (26.10£7.53 n mol/mg protein) with P = 0.002. In addition, the GSH level increased
non-significantly in the (PM) group (17.39+4.08 n mol/mg protein).

However, GSH values were significantly elevated in group (P) (26.10+7.53 n mol/mg protein) compared to control
group (F) (16.67£2.18 n mol/mg protein) with P=0.049.

CAT concentration decreased significantly in the group (M) (21.74+£19.86 m mol/mg protein) compared to group (P)
(53.34+11.51 m mol/mg protein) with P = 0.028. Nevertheless, CAT concentration increased non-significantly in the
(PM) group (42.28+19.93 m mol/mg protein) and in the (F) control group (36.94+18 .55 m mol/mg of protein)
(Figure3).
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Figure 2. The interaction of L-methionine and A. armatus extract on lipids status
(Tch, LDL-c, HDL-c, TG) in mice, during 21 days of treatment,

(F) Control group, (M) Treated with L-methionine, (PM) Treated with L-methionine and A. armatus extract,
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(P) Treated with A. armatus extract. Values are the means+SEM (n); *p<0.05.

Figure 3. The interaction of L-methionine and A. armatus extract on glutathione reduced
values (GSH) and catalase activity (CAT) in mice, during 21 days of treatment,

(F) Control group, (M) Treated with L-methionine, (PM) Treated with L-methionine and A. armatus extract,

(P) Treated with A. armatus extract. Values are the means+SEM (n); (*p<0.05, **p<0.01).
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Histological investigations

For group (M) which received L-methionine (400mg/kg/day), light microscopy of the heart showed lysis and
necrosis in the muscle fiber structure and mononuclear cell infiltration between the muscle cells (Figure 4-C, 4-D).
Thisis not the case for group (F) which presented a normal tissue structure (Figure 4-A, 4-B). Same results were also
observed in PM and P groups (Figure 4-E, 4-F).

Microscopic observation of aortic intima in the methionine group (M) showed desquamation of endothelial cells, we
also observed in the media lysis, gaps, formation of foam cells and oval nuclei (Figure 5- B, 5-C, 5-D). However, in
the control group (F), histopathological examination showed a normal structure, the aortic section have intact
endothelium and spindle shaped nuclei, (Figure5-A,). For the MP and P groups, the observation presents an intact
morphology (Figure 5-E, 5-F).

Figure 4. Histological section of the heart, during 21 days of treatment,
(A and B) Control group, (C and D) Treated with L-methionine, (E) Treated with L-methionine and A. armatus extract, (F) Treated with A.
armatus extract. Application hematoxylin-eosin staining, (A, C) x100, (B, D, E, F) x400. MMN: Muscular myocard nuclei, MMF: Muscular
myocardfibers, CT: Connective tissue. N: Necrosis, LYS: Lysis, IMN: Infiltration of mononuclear.

Figure 5. Histological section of the aorta, during 21 days of treatment,
(A) control group, (B, C and D) treated with L-methionine, (E) treated with L-methionine and A. armatus extract, (F) treated with A. armatus
extract. Application hematoxylin-eosin staining, (A, F) x100, (B, C, D, E) x400. L: Lumen, IEND: Intact Endothelium, CT: Connective tissue, EF:

Elastic Fibers, SN: Spindle nuclei, ON: Oval Nuclei, FC: Foam cells, Lys: Lysis, G: Gaps, CD: Cellular Desquamation.
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Discussion
Hyperhomocysteinemia, characterized by high plasma homocysteine levels, is an important risk factor for
cardiovascular diseases (Boyacioglu et al., 2014), and is thought to produce endogenous oxidative stress and causes
many cellular damages (Derouiche et al., 2014). An important role in development of hyperhomocysteinemia is also
played by deficiency of folic acid, vitamins B6 and B12 (Domagala et al., 1997), however, may be prevented by
polyphenols, potent antioxidant compounds with anti atherogenic properties (Noll et al., 2011). The use of vitamins
to modulate homocysteine metabolism substantially lowers the risk by reducing plasma homocysteine levels (Sim et
al., 2016).
Our current results showed that a methionine enriched diet in mice for 21 days caused a significant increase in Hcy
concentration, an increase in the concentrations of Tch, LDL-c and TG, decrease in HDL-c, GSH and CAT, these
results are associated with the appearance structural alterations of organs aorta and heart.
Obtained results are in agreement with the previous experimental study of (Boyacioglu et al., 2014; Derouiche et
al.,2014) which have shown that Consumption of high methionine diet induced a significant increase of plasma Hcy.
Hyperhomocysteinemia leads to diverse clinical manifestations, the pathogenicity of homocysteine is believed to be
due to its ability to produce oxidative stress (Noll et al., 2011)
Furthermore, we detected an increase in the concentrations of Tch, LDL-c and TG, as well as a decrease in HDL-c,
GSH and CAT following the oral administration of L-methionine, our result demonstrated a positive correlation
between Hcy and the lipid profile (Tch, LDL-c and TG) as well as a negative correlation with HDL-c. This is in
agreement with the previous experimental study by (Obeid et al., 2009; Momin et al., 2017; Shaker et al., 2013).
An association between hyperlipidemia and HHcy has been suggested However, results from (Liao et al., 2006)
indicated that HHcy inhibits reverse cholesterol transport by reducing circulating HDL-c. This is done through
inhibiting apoA-1 protein synthesis and enhancing HDL-c clearance. Also the study of (Obeid et al., 2009)
demonstrate that the effect of Hcy on HDL-cholesterol is probably related to the inhibition of enzymes or molecules
participating in the HDL-particle assembly.
The increase in LDL seems to be linked to their peroxidation by free radicals generated by HHcy because this
peroxidation inhibits the recognition of oxidized LDL by their native receptors (Laporte, 2000). The work of
(Werstuck et al., 2001) proved that accumulation of hepatic cholesterol and triglycerides in HHcy is associated to an
increase in the biosynthesis and absorption rather than a reduction in the hepatic export of VLDL.
Furthermore, our data showed a decrease in GSH and CAT activities as a biochemical marker of oxidative stress in
mice given a high dose of L-methionine, Hcy reduced enzymatic antioxidant potential in tissues. Moreover, oxygen
radicals may play an important role in this specific HHcy model (Boyacioglu et al., 2014), long-term methionine
treatment promotes oxidative stress as it decreases hon-enzymatic antioxidant defenses, increases lipid peroxidation
and protein carbonylation, alters activity of antioxidant enzymes, and changes in serum biochemical parameters
(Stefanello et al., 2009 and Matte et al., 2009).In addition to increasing H,O, generation, Hcy decreases the cell’s
ability to detoxify H,O2 by impairing intracellular antioxidant enzymes, specifically the intracellular isoform of
glutathione peroxidase (GPx) (Upchurch et al., 1997).
Catalase, an antioxidant enzyme responsible for the hydrogen peroxide degradation, is protective in many diseases.
Homocysteine inhibition may increase the levels of hydrogen peroxide and play a role in disease pathology
(Nathaniel, 2008).
Histopathological examinations in hyperhomocysteinemic mice, showed an appearance of structural alterations on
the aorta and heart tissue damages, This was observed through lysis and necrosis in the muscle fiber structure, and
mononuclear cell infiltration between the muscle cells in the heart tissue, the aortic intima showed desquamation of
endothelial cells, we also remarked in the media lysis, gaps, formation of foam cells and oval nuclei, our results are
in agreement with (Aklil et al., 2017 and Benmebarek et al., 2013) which reported that The oral administration of
methionine exerted an angiotoxic activity on the aorta and a toxic effect on the heart.
HHcy acts via oxidative stress to promote myocardial fibrosis and dysfunction (Joseph et al., 2008). Increased
oxidant stress appears to play a pathophysiological role in the deleterious endothelial predispose affected vessels to
the subsequent development of atherosclerosis predispose affected vessels to the subsequent development of
atherosclerosis effects of homocysteine (Kanani et al., 1999). An association between the presence of abdominal
aortic aneurysm and high homocysteine plasma levels has been mentioned, homocysteine plays an important role in
development of aortic dissection (Takagi et al., 2005), the results of (Lamda et al., 2014) show that elevated plasma
homocysteine increase cholesterol synthesis, exerts an angiotoxic action direct to aorta through loss of endothelium,
degeneration partly with dissolution of media cells.
Further, we found that the treatment with the A. armatus extract was effective in protection against HHcy in mice
fed a diet rich in L-methionine by decreasing plasma Hcy levels, decreasing lipid parameters and reducing oxidative
stress by increasing the concentrations of GSH and CAT, moreover, protecting heart and liver tissues.
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Our results are in agreement with the previous experimental study by (Aklil et al., 2017; El-Saleh et al., 2004;
Haddadi et al., 2017). The latter reported that HHcy was induced by the high dose of L-methionine in mice and rats
and confirmed the significant protective role of Argania spinosa extract, Thymoquinone and Nigella sativa oil and
Iyophilized prune extract against situational HHcy. In vitamin therapy, it could be also combined to an antioxidant
treatment obtained from natural phytochemicals, a source for natural antioxidants to protect against the
homocysteine mediated free oxygen radicals damages (Benmebarek et al., 2013). Recent studies have proven that
antioxidants can lower Hcy levels very effectively (El-Saleh et al., 2004; Celik et al., 2017). The study of (Labed et
al., 2016) show that the ethyl acetate extract of A. Armatus contain a flavonoid and this extract exhibited the highest
antioxidant activity in DPPH, ABTS and CUPRAC assays. Phenolic compounds as well as flavonoids are well-
known as antioxidant, which are responsible for their health benefits, curing and preventing many diseases.
(Tungmunnithum et al., 2018). The protective effect of A. armatus extract against situational HHcy is probably
dueto its high content of flavonoid compound known as powerful antioxidant.

In addition, the administration of A.armatus extract with L-methionine caused a decrease in lipid parameterse, (Seo
et al,, 2010) proved that high intakes of antioxidants appeared to be protective factor against atherosclerosis,
possiblyexerting a pro-oxidative effect on LDL when combined with high levels of Hcy and LDL. Recent evidence
suggests that some polyphenols in their purified form, have beneficial effects on dyslipidemia in humans and animal
models (Mulvihill and Huff, 2010).

Further, administration of A. armanus extrat in combination with methionine rich diet elevated plasma GSH and
CAT levels, our results are in agreement with previous experimental research by (Aklil et al., 2017; El-Saleh et al.,
2004; Celik et al., 2017). The study by (Celiket al., 2017; Meng et al., 2013) demonstrated that the quercetin
treatment could have a preventive effect against oxidative stress produced by homocysteinemia in rats. One of the
possible mechanisms of the protective effect of quercetin could be associated to its antioxidant properties, which rise
antioxidant enzyme activities like SOD, CAT and GSH level, non-enzymatic antioxidant, in plasma. While the
administration of A.armatus extract with L-methionine caused an improvement in histological changes, and
corrected the structural abnormalities observed in the aorta and heart tissues, the work of (Aklil et al., 2017;
Benmebarek et al., 2013) proved that, HHcy induced by the high methionine diet , could damage the aorta and heart
tissue, and the treatment of these animals with Argania spinosa powdered seeds and Stachys mialhesi extract
respectively corrected these alterations.

A.armatus extract has been confirmed to contain flavonoid wich indicated the highest antioxidant activity (Labed et
al., 2016), The antioxidative characteristic of flavonoids are favored by a high degree of OH substitution.
Furthermore, inhibition of enzymatic functions other than oxidases, like inhibition of lipoxygenase and thus
protection of the formation of leukotrienes, may also participate in the cell and tissue preventive properties of
flavonoids (De Groot and Rauen, 1998).

CONCLUSION

This current study proved that the extract of plant Astragalus armatus is effective in decreasing plasma
homocysteine level, decline in lipid parameters, reduced oxidative stress by rising in antioxidant status, and
protected the aorta and heart diseases in mice fed with L- methionine enriched diet.

This research is another step towards preventing the danger of HHcy, which has reduced the risk factor of
cardiovascular diseases.

REFERENCES

1. Aebi, H. (1974). Catalase: methods for enzymatic analysis. Acadamic Press.2, 673-684,
https://doi.org/10.1016/b978-0-12-091302-2.50032-3;

2. AKklil, B., Zerizer, S., Kabouche, Z. (2017). The protective effects of Argania spinosa seeds against hyper-
homocystenemia induced by high methionine diet in mice. Int J Pharm PharmSci. 9(12), 64-69,
https://doi.org/10.22159/ijpps.2017v9i12.18275;


https://doi.org/10.31407/ijees12.4
https://doi.org/10.31407/ijees

International Journal of Ecosystems and Ecology Science (IJEES) Vol. 12 (4): 195-204 (2022)

https://doi.org/10.31407/ijees ISSN: 2224-4980 https://doi.org/10.31407/ijees12.4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Benmebarek, A., Zerizer, S., Laggoune, S., Kabouche Z. (2013). Effect of Stachys mialhesi de Noé on the
inflammation induced by hyperhomocysteinemia in cardiovascular diseases. Der Pharmacia Lettre, 5, 212-
223, https://doi.org/10.1186/1710-1492-9-2;

Boyacioglu, M., Sekkina, S., Kuma, C., Korkmazb, D., Kiralc, F., Yalinkilinca, H.S, Aka, M.O., Akar, F. (2014).
The protective effects of vitamin C on the DNA damage, antioxidant defenses and aorta histopathology in
chronic hyperhomocysteinemia induced rats. Experimental and Toxicologic Pathology 66. 66(9-10), 407—
413. https://doi.org/10.1016/j.etp.2014.06.004;

Bradford, M.A. (1976). Rapid and sensitive method for the quantities of microgram quantities of protein
utilizing  the  principle of  protein-dye  binding.  Anal  Biochem. 72(1-2), 248-254,
https://doi.org/10.1006/abio.1976.9999;

Celik, N., Vurmaz, A., Kahraman, A. (2017). Protective Effect of Quercetin on Homocysteine-Induced
Oxidative Stress, Nutrition. 33, 291-296, https://doi.org/10.1016/j.nut.2016.07.014;

De Groot, H., Rauen, U. (1998). Tissue injury by reactive oxygen species and the protective effects of
flavonoids. Fundam Clin Pharmacol. 12(3), 249-255, https://doi.org/10.1111/j.1472-8206.1998.tb00951.x;
Derouiche, F., Bole-Feysot, C., Naimi, D., Coéffier, M. (2014). Hyperhomocysteinemia-induced oxidative
stress differentially alters proteasome composition and activities in heart and aorta. Biochemical and
Biophysical Research Communications 452. 740-745;

Domagala, T., Libura, M., Szczeklik, A. (1997). HYPERHOMOCYSTEINEMIA FOLLOWING ORAL METHIONINE
LOAD IS ASSOCIATED WITH INCREASED LIPID PEROXIDATION. Thrombosis Research. 87(4). 411-416;
El-Saleh, S.C., Al-Sagair, O.A., Maha, I., Al-Khalaf, M.l. (2004). Thymoquinone and Nigella sativa oil
protection against methionine-induced hyperhomocysteinemia in rats. International Journal of
Cardiology. 93(1), 19-23. https://doi.org/10.1016/s0167-5273(03)00108-6;

Filip, C., Elena, A., Nina, Z., Irina, J.M., Mihaela, S., Luminita, J et al. (2010) Hyperhomocysteinemia’s effect
on antioxidant capacity in rats. Cent Eur J Med. 5(5), 620-626. https://doi.org/10.2478/s11536-010- 0032-
7

Haddadi-Guemghar, H., Tlili, A., Dairou, J., Paul, J., Madani, K., Janel N. (2017). Effect of lyophilized prune
extract on hyperhomocysteinemia in mice. Food and Chemical Toxicology. 103, 183-187.
https://doi.org/10.1016/j.fct.2017.03.018;

Joseph, J., MBBS, M.D., Joseph, L., Devi, S., Kennedy, R.H. (2008). Effect of Anti-oxidant Treatment on
Hyperhomocysteinemia induced Myocardial Fibrosis and Diastolic Dysfunction. J Heart Lung Transplant.
27(11), 1237-1241. https://doi.org/10.1016/j.healun.2008.07.024;

Kanani PM, Sinkey CA, Browning RL, Allaman M, Knapp HR, Haynes WG. (1999). Role of oxidant stressin
endothelial dysfunction produced by experimental hyperhomocysteinemia in humans. Circulation;
100:1161-8;

Khalfallah, A., Karioti, A., Berrehal, D., Kabouche, A., Lucci, M., Bilia, A.R., Kabouche, Z. (2014). A new
flavonol triglycoside and other flavonol glycosides From Astragalus armatus Willd Fabaceae. Rec Nat
Prod. 8, 12-18;

Kim, J., Lee, S., Shim, J., Kim, H.W., Kim, J., Jang; Y.J., Yang, H., Park, J., Choi, S.H., Yoon, J.H. (2012).
Caffeinated coffee, decaffeinated coffee, and the phenolic phytochemical chlorogenic acid up-regulate
NQO1 expression and prevent H,0,-induced apoptosis in primary cortical neurons. Neurochemistry
international. 60(5), 466-474. https://doi.org/10.1016/j.neuint.2012.02.004;

Labed, A., Ferhat, M., Labed-Zouad, |., Kaplaner, E., Zerizer, S., Voutquenne-Nazabadioko, L et al.
(2016). Compounds from the pods of Astragalus armatus with antioxidant, anticholinesterase,
antibacterialand phagocytic activities. PHARMACEUTICAL BIOLOGY. 54(12), 3026-3032.
https://doi.org/10.1080/13880209.2016.1200632;

Lamda S, Aggoun C, Naimi D. (2014). The effects of homocysteine on plasma biochemical parameters and
aortic matrix metalloproteinases activities. Innov Acad Sci; 7:975-491;

Laporte, F. (2000). Les récepteurs membranaires des LDL oxydées : leur role dansl’athérogenése.
Néphrologie, 21(7) : 327-328 ;

Latour, A., Salameh, S., Carbonne, C., Daubigney, F., Paul, J.L., Kergoat, M., Autier, V., Delabar, J.M., Geest,
B.D., Janel, N. (2015). Corrective effects of hepatotoxicity by hepatic Dyrkla gene delivery in mice with
intermediate hyperhomocysteinemia. Molecular Genetics and Metabolism Reports. 2, 51-60,
https://doi.org/10.1016/j.ymgmr.2014.12.007;



https://doi.org/10.31407/ijees12.4
https://doi.org/10.31407/ijees
https://doi.org/10.1111/j.1472-8206.1998.tb00951.x
https://doi.org/10.1016/j.healun.2008.07.024
https://doi.org/10.1080/13880209.2016.1200632
https://doi.org/10.1016/j.ymgmr.2014.12.007

International Journal of Ecosystems and Ecology Science (IJEES) Vol. 12 (4): 195-204 (2022)

https://doi.org/10.31407/ijees ISSN: 2224-4980 https://doi.org/10.31407/ijees12.4

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Liao, D., Tan, H., Hui, R., Li, Z., Jiang, X., Gaubatz, J.,, Yang, F., Durante, W et al. (2006).
Hyperhomocysteinemia Decreases Circulating High-Density Lipoprotein by Inhibiting Apolipoprotein A-I
Protein Synthesis and Enhancing HDL Cholesterol Clearance. Circulation Research. 99(6), 598-606,
https://doi.org/10.1161/01.res.0000242559.42077.22;

Matté, C., Stefanello, F. M., Mackedanz, V., Pederzolli, C. D., Lamers, M. L., Dutra-Filho, C.S et al. (2009).
Homocysteine induces oxidative stress, inflammatory infiltration, fibrosis and reduces
glycogen/glycoprotein content in liver of rats. Int. J.DeviNeuroscience. 27(4), 337-344,
https://doi.org/10.1016/j.ijdevneu.2009.03.005;

Mendes, RH., Mostarda, C., Candido, G.0., Moraes-Silva, C., D'Almeida, V., Bell6-Klein, A., Irigoyen, M.C.,
Rigatto, K. (2014). Moderate hyperhomocysteinemia provokes dysfunction of cardiovascular autonomic
system and liver oxidative stress in rats. Basic and  Clinical. 180, 4347,
https://doi.org/10.1016/j.autneu.2013.10.006;

Meng, B., Gao, W., Wei, J., Yang, J., Wu, J., Py, L., Guo, C. (2013). Quercetin reduces serum homocysteine
level in rats fed a methionine-enriched diet. Nutrition. 29(4), 661—666.
https://doi.org/10.1016/j.nut.2012.10.012;

Momin, M., lia, J., Fan, F., Li, J., Dou, J., Chen, D., Huo, Y., Zhang, Y. (2017). Relationship between plasma
homocysteine level and lipid profiles in a community-based Chinese population. Lipids in Health and
Disease. 16(1), 1-7. https://doi.org/10.1186/s12944-017-0441-6; _

Mulvihill, EE., Huff Murray, W. (2010). Antiatherogenic properties of flavonoids: Implications for
cardiovascular health. Canadian Journal of Cardiology. 17-21, https://doi.org/10.1016/5S0828-
282X(10)71056-4;

Nathaniel, GN. (2008). Homocysteine Inhibits Hydrogen Peroxide Breakdown by Catalase. The Open
Enzyme Inhibition Journal. 1(1), 34-41. https://doi.org/10.2174/1874940200801010034;

Noll, C., Dairou, J., Ripoll, C., Paul, J.L., Dupret, J.M., Delabar, J.M., Rodrigues-Lima, F., Janel, N. (2011).
Effect of red wine polyphenol dietary supplementation on two phase Il enzymes in liver of
hyperhomocysteinemic mice. Food and Chemical Toxicology. 49(8), 1764-1769,
https://doi.org/10.1016/j.fct.2011.04.024;

Noll, C., Lameth, J., Paul, J.L.,, Janel, N. (2013). Effect of catechin/epicatechin dietary intake on
endothelial dysfunction biomarkers and pro inflammatory cytokines in aorta of hyperhomocysteinemic
mice. Eur J Nutr. 52(3), 1243-1250. https://doi.org/10.1007/s00394-012-0435-0;

Nygard, O., Refsum, H., Ueland, P.M., Stensvold, I., Nordrehaug, J.E., Kvale, G., Vollset, S.E. (1997). Coffee
consumption and plasma total homocysteine: The Hordaland Homocysteine Study. The American journal
of clinical nutrition. 65(1), 136-143. https://doi.org/10.1093/ajcn/65.1.136;

Obeid, R., Herrmann, W. (2009). Homocysteine and lipids: S-Adenosyl methionine as a key intermediate.
F.E.B.S. 583(8), 1215-1225. https://doi.org/10.1016/j.febslet.2009.03.038;

Selhub, J. (1999). Homocysteine metabolism. AnnuRevNutr. 19(1), 217-246,
https://doi.org/10.1146/annurev.nutr.19.1.217;

Selicharova, I., Kofinek, M., Demianova, Z., Chrudinova, M., Mladkova, J., Jirdcek, J. (2013). Effects of
hyperhomocysteinemia and betaine—-homocysteine S-methyltransferase inhibition onhepatocyte
metabolites and the proteome. BiochimicaetBiophysicaActa. 1834(8), 1596—-1606,
https://doi.org/10.1016/j.bbapap.2013.05.009;

Seo, H., Oh, H., Park, H., Park, M., Jang, Y., Lee, M. (2010). Contribution of dietary of antioxidants to
homocysteine-induced low density lipoprotein (LDL) oxidation in atheroscle-rotic patients. Yonsei Med J.
51(4), 526-33, https://doi.org/10.3349/ym;j.2010.51.4.526;

Shaker, E., Manaa, S., Mubarak, A., HadyFerdous, A.E. (2013). Hypo-Homocysteinemia Effect for Some
Ethanolic Plant Extracts. J Nutr Food. 03(03), 1-7, https://doi.org/10.4172/2155-9600.1000200;

WC Sim, | Han, W Lee, YJ Choi, KY Lee, DG Kim Sim, W., Han, I., Lee, W., Choi, YJ., Lee, KY., Kim, DG., Jung,
SH., Oh, SH., Lee, BH. (2016). Inhibition of homocysteine-induced endoplasmic reticulum stress and
endothelial cell damage by L-SERINE AND GLYCINE, DOI: 10.1016/).TIV.2016.04.004;

Stefanello, F.M., Matte’, C., Pederzolli, C.D., Kolling, J et al. (2009). Hypermethioninemia provokes
oxidative damage and histological changes in liver of rats. Biochimie. 91(8), 961-968,
https://doi.org/10.1016/j.biochi.2009.04.018;

Takagi, H., Umemoto, T. (2005). Homocysteinemia is a risk factor for aortic dissection. Medical
Hypotheses. 64, 1007-1010 ;



https://doi.org/10.31407/ijees12.4
https://doi.org/10.31407/ijees
https://doi.org/10.1186/s12944-017-0441-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20499417
https://doi.org/10.4172/2155-9600.1000200
https://doi.org/10.1016/j.biochi.2009.04.018

39.

40.

41.

42.

43.

44,

Tungmunnithum, D., Thongboonyou, A., Pholboon, A., Yangsabai, A. (2018). Flavonoids and Other Phenolic
Compounds from Medicinal Plants for Pharmaceutical and Medical Aspects: An Overview. Medicines, 5(93), 1-16;
Upchurch, G.R., Welch, G.N., Fabian, A.J., Freedman, J.E., Johnson, J.L., John, F et al. (1997). Homocyst(e)ine
Decreases Bioavailable Nitric Oxide by a Mechanism Involving Glutathione Peroxidase. BIOLOGICAL CHEMISTRY.
27(27), 17012-17017,

https://doi.org/10.1074/jbc.272.27.17012;

Veeresham, C. (2012). Natural products derived from plants as a source of drugs. J Adv Pharm Technol Res. 3(4):
200-201;

Weckbercker, G., Cory, J.G. (1988). Ribonucleotide reductase activity and growth of glutathione-depended mouse
leukaemia L 1210 cells in vitro. Cancer Lett. 40(3), 257-264. https://doi.org/10.1016/0304- 3835(88)90084-5;
Werstuck, G.H., Lentz, S.R., Dayal, S., Hossain, G.S., Sood, S.S., Shi, Y.Y., Zhou, J., Maeda, N., Krisans,

S.K et al. (2001). Homocysteine-induced endoplasmic reticulum stress causes dysregulation of the cholesterol and
triglyceride biosynthetic pathways. J. Clin. Invest. 107(10), 1263-1273. https://doi.org/10.1172/jci11596;

Zhang, X, Li, Y., Yang, X., Wang, K., Ni, J., Qu, X. (2005). Inhibitory effect of Epimedium extract on S-adenosyl-I-
homocysteine hydrolase and biomethylation. Life Sciences. 78(2), 180-186,

https://doi.org/10.1016/].1fs.2005.04.057;



https://doi.org/10.1074/jbc.272.27.17012
https://doi.org/10.1016/j.lfs.2005.04.057

Appendices



1- Treatment dose calculation
1-1 armatus extract given dose (100 mg/kg)

0.10g _» 10009

Xg —  Mouse weight (g)

0.10 g x Mouse weight (g)

A. armatus extract given dose X =
10009

1-2 L- Methionine given dose (400 mg/kg)

0.40¢g — 1000g

X —> Mouse weight g

0.40 g x Mouse weight (g)

L- Methionine givendose X =
1000g

2- Preparation of PBS:

- Nacl : 8g

- Kcl: 0,29

- NaH2PO4 : 1,159

- KH2PO4 : 0,29

- Mgcl2 6H 20: 0,19

- Cacl 2 2H 20 : 0,137g

- QS: 1 L of water



3- Hematoxylin eiosin staining:

1- Dip the lame in the alcohol solution for 5 minutes.
2- Rinse with tap water.

3- Immerse sections in Hematoxylin for 4 minute.

2. Rinse with tap water.

3. Exchange tap water until the water is clear.

4. Immerse sections in EOSIN stain for 10 minutes.
5. Rinse with tap water.

6. Exchange tap water until the water is clear.

7. Dehydrate in alcohol solutions for 1 min.

8. Clear with xylene.
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Le résumé

Activité biologique d'Astragalus armatus sur les maladies cardiovasculaires
induites par I'hyperhomocystéinémie chez la souris et sur les lignées cellulaires
cancéreuses.

Le résumé:

L'hyperhomocystéinémie (HHcy), caractérisée par une augmentation du taux plasmatique
d'homocystéine (Hcy), liée aux maladies cardiovasculaires, a I'athérosclérose, aux Iésions heépatiques
et au métabolisme lipidique anormal, est également un facteur de risque de cancer. De nombreuses
études ont confirmé la réduction du taux plasmatique d'Hcy par plusieurs composés antioxydants
phénoliques et extraits de plantes. Des études ont montré que certains flavonoides peuvent contribuer
a la prévention du cancer et sont particulierement efficaces pour inhiber la prolifération des cellules

tumorales.

Nous avons mené cette recherche pour confirmer et evaluer l'effet protecteur de l'extrait d'acétate
d'éthyle de la plante A. armatus sur les maladies cardiovasculaires induites par I' HHcy chez la souris,
causée par la forte dose de L-methionine. D'autre part, évaluation de l'activité antioxydante et de

I'activité antiproliférative de I’extrait n-butanol de la plante A. armatus in vitro.

La consommation d'un régime riche en L-méthionine (400mg/Kg) pendant 21 jours conduit a une
augmentation de I'Hcy plasmatique, de méme des concentrations des parametres lipidiques et une
diminution des activités du HDL-c, du glutathion réduit (GSH) et de la catalase (CAT). Celles-ci
étaient associées a l'apparition d'altérations pathologiques de l'aorte, du cceur et des organes
hépatiques. Tandis que I’administration de l'extrait d'acétate déthyle de la plante A. armatus
(100mg/Kg) avec L-methionine (400mg/Kg) a provoqué: une diminution de la concentration en Hcy
et des parametres lipidiques, une augmentation des activités GSH et CAT, et une amélioration des
modifications histologiques. Néanmoins, les résultats de I'évaluation de l'activité antioxydante in
vitro de D’extrait n-butanol de la plante A. armatus par quatre méthodes ont montré une faible
activité.Alors que les activités antiprolifératives de 1’extrait n-butanol de la plante A. armatus ont
montré une augmentation des activités en fonction de l'augmentation de la dose contre les cellules
HelLa et C6. De plus, il a été déterminé que I’extrait n-butanol de la plante A. armatus avait des
activités antiprolifératives plus élevées contre les cellules C6 que contre les cellules HelLa a toutes les

concentrations.

Les résultats obtenus dans cette étude montrent que la plante A. armatus peut étre considérée comme

une source naturelle pour prévenir les maladies cardiovasculaires et cancéreuses.

Mots clés: Hyperhomocystéinémie, Maladies cardiovasculaires, Astragalus armatus, Enzymes

antioxydantes, Activité antioxydante, Cellules HeLa et C6.



Abstract

Abstract:

Hyperhomocysteinemia (HHcy), characterized by an increase in the plasma level of homocysteine
(Hcy), is related with cardiovascular disease, atherosclerosis, hepatic lesions and abnormal lipid
metabolism, is also a risk factor for cancer. Many studies have confirmed the discount of plasma Hcy
level by several phenolic antioxidant compounds and plant extracts. Studies have shown that some
flavonoids can contribute to cancer prevention and are particularly effective at inhibiting tumor cell

proliferation.

We have conducted this research to confirm and evaluate the protective effect of ethyl acetate
extract of the A. armatus plant on on cardiovascular diseases induced by hyperhomocysteinemia in
mice, caused by the high dose of L-methionine. On the other hand, evaluation of antioxidant activity
and antiproliferative activity of n- butanol extract of A. armatus plant in vitro.

Consumption of high L-methionine (400mg/Kg) diet during 21days, led to an increase in plasma
Hcy, lipid parameters concentrations, and a decrease in HDL-c, glutathione reduced (GSH) and
catalase (CAT) activities. These were associated with the appearance of pathological alterations in
the aorta, the heart and the liver organs. While the administration of ethyl acetate extract of the A.
armatus plant (100mg/Kg) with L-methionine (400mg/Kg) caused: a decrease in Hcy concentration
and lipid parameters, an increase in GSH and CAT activities, and an improvement in histological
changes. However the results of the evaluation of antioxidant activity in vitro of n- butanol extract of

the A. armatus plant by four methods showed a low activity.

While the antiproliferative activities of n- butanol extract of the A. armatus plant, was shown to
increase of the activities depending to dose increasing against HeLa and C6 cells. In addition to, n-
butanol extract of the A. armatus plant was determined to have the higher antiproliferative activities

against C6 cells than against HeLa cells at the concentration 100 pg/mL.

The results obtained in this study show that the plant A. armatus can be considered as natural source

in the prevention against cardiovascular and cancer diseases.

Keywords: Hyperhomocysteinemia, Cardiovascular diseases, Astragalus armatus, Antioxidant

enzymes, Antioxidant activity, HeLa and C6 cells.
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Hyperhomocysteinemia (HHcy), characterized by an increase in the plasma level of homocysteine (Hcy),
isrelated with cardiovascular disease, atherosclerosis, hepatic lesions and abnormal lipid metabolism, is
also arisk factor for cancer. Many studies have confirmed the discount of plasma Hcy level by several
phenolic antioxidant compounds and plant extracts. Studies have shown that some flavonoids can

contribute to cancer prevention and are particularly effective in inhibiting tumor cell proliferation.

We have conducted this research to confirm and evaluate the protective effect of ethyl acetate extract of
the A. armatus plant on on cardiovascular diseases induced by hyperhomocysteinemia in mice, caused by
the high dose of L-methionine. On the other hand, the antioxidant and antiproliferative activities of n-

butanol extract of A. armatus plant was carried in vitro.

Consumption of high L-methionine (400mg/Kg) diet during 21days, led to an increase in plasma Hcy,
lipid parameters concentrations, and a decrease in HDL-c, glutathione reduced (GSH) and catalase (CAT)
concentrations. These were associated with the appearance of pathological alterations in the aorta, the
heart and the liver organs. While the administration of ethyl acetate extract of the A. armatus plant
(100mg/Kg) with L-methionine (400mg/Kg) caused a decrease in Hcy concentration and lipid
parameters, an increase in GSH and CAT activities, and an improvement in histological changes.

However we have obtained a low antioxidant activity with n- butanol extract of the A. armatus in vitro

While the antiproliferative activities of n- butanol extract of the A. armatus plant, was shown to increase
the activities depending on the dose manner against HelLa and C6 cells. In addition, n- butanol extract of
the A. armatus plant was determined to have the higher antiproliferative activities against C6 cells than

HeLa cells at at the concentration 100 pg/mL.

The results obtained in this study show that the plant A. armatus can be considered as natural source in

the prevention against cardiovascular and cancer diseases.

Keywords: Hyperhomocysteinemia, Cardiovascular diseases, Astragalus armatus, Antioxidant activity,
HeLa and C6 cells.
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