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ABSTRACT 

Objective: Hyperhomocysteinemia (HHCY), oxidative stress and decreased antioxidant capacities lead to several clinical manifestations and 
particularly, cardiovascular and liver diseases. Our aim in this study was to investigate the protective effects of Argania spinosa powdered seeds 
against high methionine diet-induced HHCY, oxidative stress and damages in the aorta, and heart of mice.  

Methods: Adult male Mus Musculus was systematically divided into four groups of similar mean body weights and fed for 21 d with control and 
experimental diets. The control group (F) was fed with white bread (0.50 mg/mice), group (M) was fed with L-methionine (500 mg/kg/day), group 
(MP) was fed with L-methionine (500 mg/kg/day) plus A. spinosa powdered seeds 150 mg/kg), and the group (P) was treated with A. spinosa 
powdered seeds (150 mg/kg/day). The experimental diets were given in white bread (0.50 mg/mice). After 3 weeks of treatments, homocysteine 
(HCY) concentrations, hepatic antioxidant status and histological sections of aorta and heart were determined. 

Results: Consumption of high methionine diet led to an increase in plasma HCY, reduced the concentrations of GSH, and the enzyme catalase. These 
were associated with the loss and degeneration of endothelium, fenestration and formation of foam cells of the aorta, also the alteration of the 
cardiac muscle. However, administration of A. spinosa powdered seeds in combination with methionine decreased the concentration of HCY from 
(10.04±0.83 μmol/l) to (7.26±0.46 μmol/l), increased catalase activity from (45.82±5.83 m mol/mg protein) to (62.26±3.32 m mol/mg protein), 
and ameliorated histological changes. 

Conclusion: A. spinosa powdered seeds were effectives in decreasing plasma HCY level as induced by methionine-enriched diet in mice, and 
improved the antioxidants defence. 
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INTRODUCTION 

Both cardiovascular disease and liver injury are major public health 
issues [1]. It has been reported that elevated plasma HCY 
concentration is an important risk factor for vascular diseases [2-3], 
and defects in methyl group metabolism, often resulting in HHCY, 
are among the key molecular events postulated to play a role in liver 
injury [1]. Plasma HCY levels can be determined by genetic, 
biological, nutritional, hormonal and lifestyle factors [4]. 

HHCY caused by excessive methionine intake is a classical attribute 
cardiovascular [5] and hepatic diseases [6-7]. Due to the presence of 
the highly reactive sulfhydryl group, HCY can undergo auto-
oxidation to generate oxygen radicals [8].  

Studies have shown that high HCY concentration could cause 
oxidative damage to cells [9-10]. HHCY induces endothelial 
dysfunction [11], which played an important role in the early stages 
of the atherogenic process by decreasing the availability of NO, 
stimulating the activation of nuclear factor kappa B and 
consequently increasing the expression of ICAM-1 [12]. Indeed, the 
oxidative stress resulting from elevated serum Hcy can oxidize 
membrane lipids and proteins and stimulate the activation of NF-B, 
and consequently increase the expression of inflammatory factors in 
vivo [13].  

Hyperhomocysteinemia leads to increased oxidative stress via the 
generation of reactive oxygen species which weaken intracellular 
antioxidation defence systems [14]. ROS (including superoxide and 
hydrogen peroxide) are produced by endothelial cells and the 
adjacent smooth muscle cells, adventitial fibroblasts and 
inflammatory cells. ROS can affect the NO pathway [15]. The need 
for protection against ROS and other reactive molecules has led to 

the specious theory that a high intake of exogenous antioxidants 
protects the body from oxidative stress, which is also widely known 
as the antioxidant hypothesis [16-17]. 

A high intake of fruit and vegetables rich in natural antioxidants, 
such as vitamins C and E, polyphenols, carotenoids, terpenoids, 
and phytomicronutrients, show an inverse association with the 
risk of cancer and the development of cardiovascular diseases. 

The argan tree (Argania spinosa (L.) Skeels is a tropical plant, which 
belongs to the Sapotaceae family and is endemic in southwestern 
Morocco [19], and Algerian region of Tindouf [20]. It is exploited 
essentially for its fruits. The endosperm seed of fruit constitutes a 
good potential source of edible oil for human consumption and 
endowed with important medicinal properties [19].  

Considering its rich composition in antioxidant compounds and 
unsaturated fat, A. spinosa can be used as a nutritional intervention 
in the CVD diseases prevention [21].  

This study was designed to investigate the beneficial effects of 
powdered seeds of A. spinosa against hyper-homocystenemia, 
antioxidant status and damages in the heart and aorta induced by 
high methionine intake in mice. 

MATERIALS AND METHODS 

Plant material 

Seeds of Argania spinosa were collected from a region near Tindouf 
(Southwest of Algeria). The fruits were cut into pieces to obtain 
seeds, which were subjected to size reduction to a coarse powder 
using a mechanical grinder. The powder was then used for 
treatment preparations. 
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Chemicals and reagents  

L-Methionine purity 98% was obtained from across organics 
(Belgium). Total HCY levels were measured using the Immulite HCY 
kit (Siemens, Finland), on Immulite 2000 system. Other chemicals 
used were of Sigma chemical company.  

Animals 

Experiments were performed on 28 adult male Albino Mus Musculus 
mice weighing (30–35g), given from central pharmacy, Algeria. Animals 
were housed 7 per cage, and maintained under standard laboratory 
conditions of humidity, temperature (25 °C) and light (12 h day: 12 h 
night). After the adaptive period, they were divided into four groups of 
similar mean body weights and fed for 21 d with control and 
experimental diets. The control group (F) was fed with white bread (0.50 
mg/mice), the second group (M) was fed with L-methionine (500 
mg/kg/day), the third group (MP) was fed with L-methionine (500 
mg/kg/day) in combination with powdered seeds of A. spinosa (150 
mg/kg/day), while the group (P) was treated with powdered seeds of A. 
spinosa (150 mg/kg/day). The experimental diets were given in white 
bread (0.50 mg/mice) and allowed free access to food and water. After 3 
w* of feeding, blood samples were collected after fasting, from the retro 
orbital plexus into EDTA tubes by using glass capillaries. They were 
centrifuged immediately, and plasma was frozen under-20 °C until assay 
time. The experiments were conducted in strict compliance according to 
ethical principles and provided by the committee for the purpose of 
control and supervision of Experiments on the animal (CPCSEA). 

Determination of homocysteine level 

The levels of total homocysteine (t-HCY) were assayed by 
competitive solid phase chemiluminescence immunoassay. 

Tissue homogenate preparation 

0.5 g of the liver was homogenized in 2 ml of TBS (Tris 50 mmol, 
NaCl 150 mmol, pH 7.4). The homogenates were centrifuged at 9000 
g for 15 min at 4˚C, and the resultant supernatant was used for 
determination of: reduced glutathione, the catalase activities and 
protein concentrations.  

Protein quantification 

Protein was measured by the method of Bradford (1976) [22], using 
bovine serum albumin as the standard. 

Determination of reduced glutathione (GSH)  

The glutathione reduced content in the liver was measured 
spectrophotometrically by using 5, 5′ -dithiobis-(2 nitrobenzoic 
acids) (DTNB) as a coloring reagent, following the method described 
by Weeckbeker and cory (1988) [23]. 

Determination of catalase (CAT) 

Tissue CAT activity was determined according to Aebi’s method 
(1974) [24]. The principle of the assay based on the determination 
H2O2 decomposition rate at 240 nm. 

Histological sections  

After the blood samples collection, the animals were sacrificed and 
organs designed for morphological analysis (heart, and aortas) were 
quickly removed, rinsed with saline solution (0.9%), and fixed in 
formalin 10%. The processed tissues were embedded in paraffin, 
sectioned at 5 μm thickness, and stained following the haematoxylin 
eosin staining method. 

Statistical analysis 

The values obtained were expressed as mean±SEM and subjected to 
statistical analysis using one-way analysis of variance (ANOVA), 
followed by Tukey’s post-hoc test (SPSS version 20). P<0.05 values 
were considered as significantly difference. 

RESULTS 

Effects of treatments on HCY 

At the third week, plasma HCY of the (M) group achieved higher 
levels, and the average was 10.04±0.83 μmol/l, significantly higher 

than that of the control group (F) (6, 84±0.51 μmol/l) and control 
positive group (P) (7.1±0.88 μmol/l). However, the combined 
treatments of A. spinosa powdered seeds with methionine 
(7.26±0.46 μmol/l) showed a significant decline in serum t-HCY, 
demonstrating that A. spinosa appears to be effective in preventing 
the increase of t-HCY levels (fig. 1). 
 

 

Fig. 1: The interaction of L-methionine and A. spinosa seeds on 
the plasma homocysteine in mice during 21 d of treatment, 

Values are the means±SEM (n); *p<0.05 and **p<0.01 
 

Effects of treatments on hepatic anti-oxidative stress parameter  

The present data showed that there is a highly significant depletion 
in reduced glutathione level (4.48±0.55 n mol/mg protein) (P<0.01) 
and a significant decrease in catalase activity (45.82±5.83 m mol/mg 
protein) (P<0.05), for the group (M) in comparison with control 
group (F), where the reduced GSH level was (8.03±0.55 n mol/mg 
protein) and the concentration of catalase was (61.37±6.39 m 
mol/mg protein). However the concentration of reduced GSH 
increased significantly in the group (P) (7.36±1.28 n mol/mg 
protein) (P<0.01), and not significantly with the group (MP) (6.1±0.5 
n mol/mg protein) (P>0.05). On the other hand, the concentration of 
catalase increased significantly in the group (MP) (62.26±3.32 m 
mol/mg protein) (P<0.05), but not significantly in the group (P) 
(52.16±3.19 m mol/mg protein) (P>0.05) (fig. 2). 

Histological impact of A. spinosa powdered seeds on heart and 
aortas tissues 

Our data shows various pathological alterations in the heart and 
aorta of mice induced by the oral methionine administration.  

In the second group (M) which had been fed with 500 mg/kg of 
methionine, Microscopic observation of heart was characterized by 
the presence of lysis, and architectural changes of cardiomyocytes as 
shown in (fig. 3-B and 3-C). In the other groups: (F), (MP) and (P), 
we have not observed any alteration in contrast to methionine 
intake group (fig. 3-A, 3-D and 3-E). 

In the group (M), the aortic intima showed degeneration and 
desquamation of endothelial cells with fenestration, we also 
observed in the media lysis, formation of foam cells laden with small 
lipid droplets and oval nuclei as illustrated in (fig. 4-B and 4-C), (fig. 
5-B) and (fig. 6-B, 6-C, 6-D and 6-E).  

However, in the control group (F), the aortic sections have intact 
endothelium and spindle-shaped meiocytes nuclei as shown in (fig. 
4-A, 5-A and 6-A). Also, we have observed intact aorta in the group 
(MP) treated with L-methionine and A. spinosa (fig. 4-D, 5-C and 6-
F), and in the group (P) treated with A. spinosa only (fig. 4-E, 5-D and 
6-G).  

DISCUSSION 

Hyper-homocystenemia can arise from nutritional deficiencies of 
folate, vitamin B6, and vitamin B12 [25]. Several diseases such as 
renal and thyroid dysfunction cancer, psoriasis, and diabetes as well 
as various drugs, alcohol, tobacco, coffee, older age and menopause, 
are believed to be associated with moderately elevated HCY 
concentrations [26]. There has been an indication towards a 
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significant correlation between HHCY and cardiovascular disease 
and its complications such as heart attacks and strokes [27]. It is 
believed that hyperhomocysteinemia leads to endothelial cell 
damage, reduction in the flexibility of vessels, and alters the 
process of homeostasis [27]. HHCY may lead to an enhancement of 

the adverse effects of risk factors like hypertension, smoking, lipid 
and lipoprotein metabolism, as well as the promotion of the 
development of inflammation. Physical activity, moderate alcohol 
consumption, good folate and vitamin B12 status are associated 
with lower HCY levels. 

 

 

Fig. 2: The interaction of L-methionine and A. spinosa seeds on the reduced glutathione levels, and catalase activity in mice during 21 d of 
treatment, values are the means±SEM (n); *p<0.05, and **p<0.01 

 

 

Fig. 3: Histological sections of the heart of (A) control, (B), (C) treated with Methionine, (D), treated with Methionine and A. spinosa 
powdered seeds and (E) treated with A. spinosa powdered seeds for 3 w*. Hematoxylin-Eosin Staining (A, C, D and E X100, and B X 400). 

ACC. Architectural Changes of Cardiomyocytes, CMF. Cardiac Muscle Fibers, MCN. Muscle Cell Nuclei, L. Lysis 

 

 

Fig. 4: Histological sections of the arch aorta of (A) control, (B), (C) treated with Methionine, (D), treated with Methionine and A. spinosa 
powdered seeds and (E) treated with A. spinosa powdered seeds for 3 w*. Hematoxylin-Eosin Staining (A, B, D and E X100, and C X 400). 

FC. Foam Cells, FN. Fibroblast Nuclei, IEND. Intact Endothelium, LD. Lipid Droplets, Lu. lumen, ON. Oval Nuclei, SN. Spindle Nuclei 
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Fig. 5: Histological sections of the abdominal aorta of (A) control, (B) treated with Methionine, (C) treated with Methionine and A. spinosa 
powdered seeds and (D) treated with A. spinosa powdered seeds for 3 w*. Hematoxylin-Eosin Staining (A, B, C and D X100). END. 

Endolysis, FN. Fibroblast Nuclei, IEND. Intact Endothelium, LU. Lumen, SN. Spindle Nuclei 

 

 

Fig. 6: Histological sections of the iliac aorta of (A) control, (B), (C), (D) and (E) treated with Methionine, (F), treated with Methionine and 
A. spinosa powdered seeds and (G) treated with A. spinosa powdered seeds for 3 w*. Hematoxylin-Eosin Staining (A, B, D and E X100, and C 
X 400). D. Desquamation, END. Endolysis, F. Fenestration, FC. Foam Cells, FN. Fibroblast Nuclei, IEND. Intact Endothelium, LU. Lumen, ON. 

Oval Nuclei, SN. Spindle Nuclei 

 

The current study has shown that high Met-diet in mice during 21 d 
clearly caused a significant increase in HCY level and decreased the 
reduced glutathione, and catalase concentrations in liver, meanwhile 
our results confirm that high level of HCY might be an effect of aorta 
and heart damages. 

Several studies have shown that methionine enriched-diet induced a 
significant increase of plasma t-HCY [28-31].  

Further, we found that the content of GSH and catalase activities in 
liver tissue was significantly decreased in response to the oral 
methionine administration. 

hyperaccumulation of methionine sulfoxide in the liver may induce 
more serious oxidative hepatotoxicity in Cth−/− mice, whose levels 
of several antioxidative cysteine metabolites, including GSH, and 
taurine/hypotaurine, were all downregulated [30]. HHCY leads to 
increased oxidative stress via the generation of reactive oxygen 
species (ROS) which weaken intracellular antioxidation defence 
systems or elicit intracellular redox-controlled inflammation 
responses [32]. 

Glutathione is a key buffer of intercellular oxidative reduction 
reaction, and its dependent antioxidant enzymes include glutathione 
S-transferase (GST) and glutathione peroxidase (GPx), which play a 
fundamental role in cellular defense against reactive free radical and 
other oxidant species [33]. In addition, it has been shown that Hcy 
can directly act on catalase and inhibit the breakdown of H2O2 by 

conversion of the enzyme into the inactive form [34]. Loss of 
catalase activity is associated with increased susceptibility to 
oxidative stress [35-36]. The mechanism of HCY inhibition of 
catalase is shared with a number of inhibitors including 3-amino-
1:2:4:-triazole [37-38] and amyloid-ß [39]. 

Histological analysis showed that HHCY induced by the high 
methionine intake prompted an angiotoxic activity on the aorta and 
cardiac tissue damages. This was observed through the loss and 
degeneration of endothelium, formation of foam cells in the different 
sections of the aorta, alteration of the cardiac muscle.  

In our experimental situation, is due to elevated HCY levels, which 
decreases the reduced GSH, and catalase activities, the well-known 
biomarkers of oxidative stress. Our results are in agreement with 
[40, 31], who reported that HCY-induced injury to the arterial wall is 
one of the factors that can initiate the process of atherosclerosis, 
leading to endothelial dysfunction and eventually to heart attacks 
and strokes [41-42]. Another work of [43] showed that elevated 
plasma HCY increase cholesterol synthesis, exerts an angiotoxic 
action direct to the aorta, by the loss of endothelium and 
degeneration partly with the dissolution of media cells.  

Evidence from animal models of HHCY suggests that endothelial 
dysfunction is largely due to oxidative stress and decreased 
bioavailability of NO [44], NO may protect against the onset of 
vascular diseases [45].  
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HCY promoted oxidative stress through the production of reactive 
oxygen species (ROS). ROS disrupts endothelial cell integrity, which 
in turn, can cause endothelial cell damage predispose affected 
vessels to the subsequent development of atherosclerosis [46]. 

Studies in several animal species, including rabbits, baboons, and 
rats, have demonstrated desquamation of endothelial cells, 
fragmentation of the internal elastic lamina, disruption of elastic 
fibers, and focal areas of smooth muscle hyperplasia [47-48] has 
been reported that the combination of high methionine and 
cholesterol increased the alterations of the arterial wall structures 
and the thickness of the aortic wall in animal models.  

In methionine-treated animals, it was shown an aortic angiotoxic 
action with alterations not observed in the arterial vascular system 
of other organs. [49] have reported that acute elevations in plasma 
HCY after methionine loading causes vessel endothelial dysfunction 
and this could be reversed by administration of vitamin E in humans. 

It has been documented that HCY can interact with different plasma 
and cellular proteins and by forming mixed disulfide conjugates, 
alters the physicochemical properties of the affected proteins. This 
has been also proposed as a potential mechanism for Hcy induced 
cellular dysfunction [50]. 

On the other hand, we found that the diet supplemented with the 
extract crude of A. spinosa was effective in prevention against HHCY 
in mice exposed to a Met-enriched diet by lowering the 
concentrations of HCY and increasing the concentrations of 
glutathione reduced and catalase, indicating that this medicinal plant 
has the potential to reduce t-HCY levels in vivo. 

In addition, other investigators [51-53] reported that catechin, 
taurine and quercetin supplementation are effective in attenuating 
the increase of serum HCY level as induced by a Met-enriched diet in 
rats and mice respectively. The protective effect of argan oil is 
probably due to its high contents of powerful antioxidants, 
particularly polyphenols,tocopherols and sterols, which are known 
as powerful antioxidants [54]. Indeed we demonstrated that 
powdered seeds of A. spinosa when given in combination with high 
methionine diet increased significantly the catalase activity, but not 
significantly the GSH level, indicating its benefic effect in prevention 
against oxidative stress in vivo. In accordance with our results, [20] 
demonstrated that argan oil treatment increased the GSH against 
mercuric chloride induced oxidative stress in experimental rats. The 
elevated level of GSH protects cellular proteins against oxidation 
through glutathione redox cycle and directly detoxifies reactive 
species [55]. Our results showed an increase of catalase activities in 
group (MP) which administered with L-methionine (500 mg/kg) and 
treated with A. spinosa (150 mg/kg), these results are in agreement 
with those of [56], who showed that the activities of cytosolic CAT 
were significantly higher in Wistar rats treated with argan oil in 
comparison with untreated rats. 

The work of [57, 40] proved that the rats and mice respectively 
administered with 200 mg/kg during 21 d could damage the aorta 
and heart tissue and the treatment of these animals with vitamins 
B9, B12 and B6 and Stachys mialhesi extract corrected these 
alterations. Another work of [58] established that the high level of 
Hcy could stimulated the angiogenesis on the arota of rats, and the 
treatment with the extracts of medicinal plants Stachys mialhesi and 
Chrysanthemum Macrocarpum could inhibited the angiogenesis. 

Antioxidants are emerging as prophylactic and therapeutic agents 
[59]. Furthermore, another study of [60] suggested that an increased 
intake of antioxidants appeared to be protective in cardiovascular 
diseases. Epidemiological studies have shown that consumption of 
food and beverages rich in phenols can reduce the risk of heart 
disease by slowing the progression of atherosclerosis principally by 
protecting LDL from oxidation [61]. 

CONCLUSION 

The current study has shown that the powdered seeds of A. spinosa 
were effective in attenuating the increase of HCY level, improved the 
antioxidants defence and prevented the endothelial, cardiac 
alterations, as induced by a Met-enriched diet in mice. It may be 

interesting in the development of new drugs for cardiovascular 
diseases induced by hyperhomocysteinemia.  
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