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Abstract 
Objective: Reactive oxygen species (ROS) are involved in the endothelial-mediated disorders 
within atherosclerosis. Considering that an oxidant/antioxidant imbalance might be a key factor 
in the damaging ROS-mediated effects, the present study intends to determine the influence of a 
high-fat diet, associated with essential amino acids—valine and leucine, upon the experimental 
animals, through evaluation of plasmatic level of some antioxidant enzymes. Material and Meth-
ods: The study was conducted on 32 male Wistar rats, which were fed with cholesterol, valine and 
leucine, for 60 days. The animals were divided into four groups, according to the received diet: the 
first group—standard diet; the second group—cholesterol (C); the third group—cholesterol and 
valine (C + V); the fourth group—cholesterol and leucine (C + L). Evaluations of the oxidative 
status, through plasma levels of the antioxidant enzymes: superoxide dismutase (SOD) and glu-
tathione peroxidise (GPx), were made for the four mentioned groups of animals, at the beginning 
of the study (R0), after one (R1) and two months (R2). Results: The average values of SOD and GPx 
in group of animals fed exclusively with cholesterol (C) were significantly higher compared to the 
third group where cholesterol was supplemented with valine (C + V) or fourth group fed with cho-
lesterol and leucine (C + L) (p < 0.001), after one month as well at the end of the experiment (two 
months). There were no significant differences in the levels of SOD and GPx between group III and 
group IV (p < 0.05) at the end of the experiment. Conclusion: Our results showed that valine and 
leucine decreased the serum levels of SOD and GPx and therefore they were useful antioxidants, 
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which could improve the endothelial dysfunctions associated with atherosclerosis. Moreover, 
analysis of the oxidative status in the context of atherosclerotic mediated endothelial damage 
suggests that deviation from normal to alter endothelial status may be conditioned by an oxi-
dants/antioxidants imbalance. 
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1. Introduction 
Atherosclerosis is considered a progressive disorder which initially induces a number of endothelial dysfunc-
tions of the vascular wall that are currently perceived by an increasing number of experts as the key event of the 
inflammatory process preceding the atherosclerotic plaque. Inflammation generates an oxidative environment 
which triggers different events starting from lipid oxidation to protein oxidation and the formation and release of 
species involved in cellular signaling [1] [2]. Recent data suggest the discovery of new chemokine biomarkers 
involved in atherosclerosis prevention and its early detection. These new markers chemokines activate leuko-
cytes and are known in the environment of inflammatory response [3]. 

The fragile balance between NO (nitric oxide) and ROS (reactive oxygen species) is specifically important in 
maintenance of a normal endothelial function, and any slight imbalance between these components resulting in 
oxidative insult [4]. Reactive oxygen species are actively involved in cellular and molecular processes related to 
the transition from fatty streaks to more complicated lesions in atherosclerosis [5] [6]. They directly inactivate 
NO, acting as signal molecules which promote protein dysfunction, contributing to the initiation of atherosclero-
sis. Therefore it is understandable that the special interest for any compound could firstly limit the vascular reac-
tive oxygen species production and restore the endothelial function in patients with vascular complications [7].  

Our experimental study aimed to investigate the potential of improvement and prevention of the atheroscle-
rotic process development by dietary supplementation with essential amino acids that could influence some risk 
factors, particularly by addition of two branched amino acids. Based on our previous observations which suggest 
that valine and leucine modulate the turnover of serum HDL-cholesterol levels, a well-known lipoprotein asso-
ciated to the lowering of cardiovascular risk, we focused our attention toward these two essential amino acids 
that could improve clinical conditions associated with hyperlipidemia [8]. This paper presents only the results of 
the biochemical study; the histological results will be presented in another article. 

2. Material and Methods 
The experimental study was designed over a period of 60 days. We used adult Wistar male rats, 250 - 280 g 
weight range, provided by animal research division of the University of Medicine and Pharmacy, “Gr. T. Popa” 
Iasi. During the experiment the guide’s instructions on care and use of animals for scientific purposes were fol-
lowed [9]. Rats were distributed into 4 groups, 8 rats each, fed as per the following: group I—control standard 
diet, group II—cholesterol 0.4 g/kgc/day (C), group III—cholesterol 0.4 g/kgc/day and valine 62.5 mg/kgc/day 
(C + V), group IV—cholesterol 0.4 g/kgc/day and leucine 69.985 mg/kgc/day (C + L). At the beginning of the 
experiment (R0), after 30 days (R1) and at the end of the experiment (R3), we collected blood samples from re-
tro-orbitary plexus of each animal in order to determine the blood levels of SOD and GPx activities.  

GPx assay was performed using Ransel GPx kit, according to the manufacturer protocol, SOD being assayed 
using the Ransod kit, and the results read on a spectrophotometer Cobas 6000 model. 

Estimation of superoxide dismutase in the blood samples was done according to the method of Woolliams J. A. 
et al. [10]. The superoxide dismutase activity is represented by the degree of inhibition of this reaction. One unit 
of SOD is that which determines a 50% inhibition of the rate of the reduction of INT under the assay conditions. 

Assay of Glutathione Peroxidase (GPx) in the blood samples was done according to the Paglia and Valentine 
method using Randox kit [11].  

Statistical analysis: The obtained data was introduced into statistical package for social sciences (SPSS) ver-
sion 12 software and was analyzed using appropriate statistical functions (student’s independent samples t-test). 



E. Cojocaru et al. 
 

 
2315 

The data are expressed as mean ± SD. The Chi square values and p values are used for the interpretation of re-
sults. P value < 0.05 is considered as significant. 

3. Results 
The evolution and the variation of SOD values during the experiment were as follows: in group I (control), the 
most homogeneous set of values was registered at the beginning of the experiment (13.08 CV%—coefficient of 
variance). The variance of values in groups II, III and IV was between 5.28 to 13.32 CV%, and the most homo-
geneous set of values was recorded at the end of the experiment in all of the groups II (C) (5.28 CV%), III (C + 
V) (12.03 CV%) and IV (C + L) (11.57 CV%) (Figure 1). 

The highest individual SOD values were recorded in group II, fed by only cholesterol (Figure 1).  
The average values of SOD, according to the moment of the investigation, revealed the following percentage 

elevations (Figure 2): 
In group II, the percentage increase in average SOD values after one and two months was 38.5%, and 50.2% 

respectively, in group III the average increase was of 2.1% and 3.6% (after one and two months), while group 
IV recorded increases of about 3.6% and 5.3% after one and two months, respectively. No significant differenc-
es between mean SOD values were recorded within study groups or between them and the control group, at the 
beginning of the study (R0) (p > 0.05). Group II registered increased mean SOD values compared to control at 
one and two months from the beginning of the experiment (p < 0.001). Moreover, both after one month, and at 
the end of the experimental period, mean values of the group II were significantly higher compared to groups of 
rats with meals supplemented by essential amino acids: III (C + V) and IV (C + L) (p < 0.001). Comparing the 
supplemented groups, after sixty days, average SOD values in group III supplemented with valine did not differ 
significantly from group IV that received leucine (p < 0.05) (Table 1). 
 

 
Figure 1. Individual SOD values recorded in the studied groups.                                 

 

 
Figure 2. Percentage differences of the average SOD values compared to R0.                        
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Table 1. Statistical differences between average values of SOD.                                                   

Moment Group Control Group (n = 10) C (n = 10) C + V (n = 10) 

R0 

C (n = 8) t = 0.05 
p > 0.05 -  

C + V (n = 8) t = 0.01 
p > 0.05 

t = 0.06 
p > 0.05 - 

C + L (n = 8) t = 00.03 
p > 0.05 

t = 0.01 
p > 0.05 

t = 0.05 
p > 0.05 

R1 

C (n = 8) t = 6.49 
p < 0.001 -  

C + V (n = 8) t = 0.31 
p > 0.05 

t = 6.11 
p < 0.001 - 

C + L (n = 8) t = 0.01 
p > 0.05 

t = 6.15 
p < 0.001 

t = 0.30 
p > 0.05 

R2 

C (n = 8) t = 9.23 
p < 0.001 -  

C + V (n = 8) t = 0.54 
p > 0.05 

t = 9.03 
p < 0.001 - 

C + L (n = 8) t = 0.86 
p > 0.05 

t = 8.76 
p < 0.001 

t = 0.03 
p > 0.05 

 
Considering the other antioxidant enzyme, evolution of GPx levels and variance during the experiment is 

presented in Figure 3. 
The most homogeneous range values within control group was registered at the end of the experiment (3.60 

CV%). The variance of the GPx values in the study groups ranged between 1.86 to 9.01 percentage, the most 
homogeneous values being recorded in group IV (C + L) at the beginning of the experiment (1.87 CV%), in 
group III (C + V) after 1 month (2.89 CV%), and group II(C) at the end of the experiment (3.71 CV%). 

The highest individual values of GPx were found in group II fed exclusively by cholesterol (Figure 3). 
Considering the moment of investigation, the average GPx values recorded the following percentage increases 

(Figure 4): 
Group II recorded percentage increase in average GPx values of 9.6% and 30.8%, after one and two months 

respectively (compared to the initial moment), whereas group III registered just a slight increase of 1.9% after 
one month and 4.6% at the end of the experiment. In group IV, the percentage increase in average GPx values 
was 3.6% after one month and 5.6% at the end of the experiment.  

No significant differences between mean GPx values were recorded within study groups or between them and 
the control group, at the beginning of the study (R0) (p > 0.05). Groups II and IV registered increased mean GPx 
values compared to control, after one and two months from the beginning of the experiment (p < 0.05), group II 
having higher values when compared to mean levels of group III (p < 0.05).  

Moreover, average GPx values were significantly increased at the end of the experimental period in all groups, 
compared to control (p < 0.05), mean values of group II being significantly higher compared to groups with es-
sential amino acids supplemented (p < 0.001). There were no significant differences after sixty days, in the av-
erage GPx activities between the groups III and IV (p > 0.05), and thus, the two essential aminoacids determined 
comparable antioxidant effects up to the end of experimental period (Table 2).  

4. Discussions 
Atherosclerosis represents one of the disorders whereas lipids and proteins are oxidized in the blood vessel’s 
wall, with the advent of an increased level of oxidative stress, recognized as important component of the occur-
rence of cardiovascular diseases and particularly atherosclerosis. Oxidative stress is due to an excessive forma-
tion of highly reactive molecules such as ROS (reactive oxygen species) and RNS (reactive nitrogen species) or 
their insufficient removal [12]. Being involved in various cellular mechanisms, ROS have a positive impact on 
the body, when they do not accumulate excessively. 

In the early stages of atherosclerotic disease, inflammatory cells and possible other cell types, produce reac-
tive oxygen species that destroy the vasoprotective NO (nitric oxide). In addition to the decreased gene expres-  
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Figure 3. Individual GPx values in the studied groups.                                               

 

 
Figure 4. Percentage difference of mean GPx values.                                   
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sion of enzymes that produce NO, it is also disturbed the enzymatic activity, which contributes to an increased 
oxidative stress in atherosclerosis [13]. In the late stages of the disease not only a decreased activity of NO can 
be noted, but also a reduction in the reception and of cGMP signals, strongly associated with neointimal prolife-
ration and vascular dysfunctions [14]. Overexpression of enzyme eNOS (endothelial nitric oxide synthase) 
which produces NO may accelerate the disease progression; therefore, more researches are focused on control-
ling eNOS activity and preventing NO inactivation by oxidative stress [15]. 

Recent studies have demonstrated that an impaired NO production may play an important role in the patho-
genesis of cardiovascular diseases such as hypertension, atherosclerosis, post-ischemic lack of oxygen, acute in-
flammation and myocardial depression associated with septic shock [16]-[18]. Other studies have shown that 
there is an age-related NO activity decrease, independent of the presence of atherosclerotic disease [19] [20]. 

In our study, the high-fat diet disturbs the lipid metabolism, the largest individual cholesterol values being 
found in group receiving only cholesterol (C). Although at first determination, no significant differences be-
tween mean cholesterol values between groups II, III, IV and the control group (p > 0.05) were highlighted, after 
one month and especially at the end of the experiment, average values of this parameter were significantly high-
er in all groups compared with controls (p < 0.001). Of these, significantly higher values were obtained in the 
group II who received only cholesterol (C) compared to the group III receiving valine (C + V) or IV receiving 
leucine (R + L) (p < 0.001); this demonstrates a beneficial effect of the administration of the two amino acids. 

Some authors have shown that endothelial dysfunction may be improved by changing lifestyle in terms of a 
strictly hygienic-dietary diet. Regular physical exercises, smoking cessation, reduction of alcohol consumption 
and high-fat diet, also have beneficial effects. Dietary supplementation with antioxidant vitamins and folic acid, 
omega-3 fatty acids and other protective compounds is associated with reduction of cardiovascular risk events 
and may also affect other coronary risk factors [21] [22]. These strategies and habits may be supplemented by 
pharmacological therapy, targeted on pathophysiological processes that cause endothelial dysfunction. Thus, 
reduced lipid, hypoglycemic, anti-inflammatory and hormone replacement therapy result in improved vasodila-
tatory ability, reduction in lipid peroxidation and reduced leukocyte adhesion to the endothelium. 

Our body has various mechanisms of defense from oxygen free radical toxicity: by enzymatic antioxidant 
mechanisms in which are involved enzymes as superoxide dismutase-SOD, glutathione peroxidase GPx, gluta-
thione reductase-GR and catalase and/or by non-enzymatic antioxidants such as vitamins, albumin, bilirubin, 
and many others). It is known that antioxidant enzymes reduce the levels of lipid peroxides as well as hydrogen 
peroxide. Also they are important factors in preventing lipid peroxidation and maintaining the structure and 
function of biologic membranes.  

SOD catalyses the dismutation of peroxide to hydrogen peroxide. Numerous studies revealed significant SOD 
elevations in disorders characterized by an increased oxidative stress. The expression of SOD from the erythro-
cytes is not always related to the severity of disease expression, but rather, to the protective response of the body 
cells to released inflammatory cytokines of the altered tissue. When ROS are moderately increased, the induced 
changes are reversible. 

The present study revealed the highest individual values of SOD in group II receiving only cholesterol. At the 
beginning of the study there were not significant differences between mean values of SOD recorded in groups II, 
III and IV or between them and the control group (p > 0.05). After 1 month and at the end of the experiment, the 
average values of SOD were significantly higher in group II compared with controls (p < 0.001) and compared 
to group III that received valine (C + V) and group IV that received leucine (C + L) (p < 0.001). At the end of 
the experiment, there were no significantly differences between SOD values registered in group II and IV (p < 
0.05).  

GPx catalyzes the oxidation of glutathione. In our study, the highest individual values of GPx were found in 
the group II receiving only cholesterol. At the beginning of the study there were no significant differences be-
tween mean values of GPx registered between groups II, III and IV and between them and the control group (p > 
0.05). After one month were registered higher average values of GPx in groups II and IV (p < 0.05) compared 
with controls; in group II compared with group III, the values of this parameter were significantly higher (p < 
0.05). At the end of the study, mean GPx values were significantly increased in all groups compared with con-
trols (p < 0.05). Mean GPx in group II were significantly higher compared with group III (C + V) and IV (C + L) 
(p < 0.001). These findings regarding SOD and GPx values suggest a possible antioxidant capacity of valine and 
leucine with subsequent positively intervention in the pathogenic mechanism of atherosclerosis. 

ROS are highly cytotoxic, and sometimes the induced changes may be irreversible, causing cell apoptosis. An 



E. Cojocaru et al. 
 

 
2319 

excess of ROS production causes dysfunctions in the cell membranes, conformational changes of proteins, en-
zymes, resulting in DNA chains break. Due to their rich content in polyunsaturated fatty acids, cell membranes 
display a high susceptibility to the action of ROS, undergoing changes in fluidity and permeability [23] [24]. 

Recent studies have suggested that ROS may be key components of the signaling pathways, being responsible 
for induction or suppression of cell proliferation as well as the onset or inhibition of apoptosis. The human body 
still has enzymatic (SOD, glutathione peroxidase, catalase) and non-enzymatic mechanisms (glutathione, vita-
mins A, B, C, E) to prevent the harmful action of ROS, by maintaining a low level of peroxidation process. The 
antioxidant systems are metabolically interconnected and act together completing each other, inhibition of free 
radical generation or degradation of the already synthesized radicals being among the main mechanisms of their 
action [25] [26]. 

Branched chain aliphatic amino acids (i.e. valine, leucine, and isoleucine) are the most hydrophobic amino 
acids that play a crucial role in determining the structure of globular proteins, as well as the interaction between 
transmembrane domains of the protein and membrane phospholipids. However, they do not behave quite similar, 
in terms of protein secondary structure valine and isoleucine having a definite preference for beta-type structure, 
while leucine has a higher preference for alpha-helix structure. The occurrence of branched chain amino acids in 
nature can be attributed mainly to their role in protein structure, and not to secondary metabolic involvement 
[27]. Experimental studies have shown that valine or isoleucine deficiency has similar effects on reducing fat 
mass in a manner similar to those observed during deprivation of leucine. Animals fed with a diet deficient in 
these amino acids have significant changes in lipid metabolism, as demonstrated by suppression of lipogenesis 
in the liver and increase fat mobilization in white adipose tissue. Central nervous system plays an important role 
in regulating fat loss concomitantly with leucine deprivation, providing thus important new insights on the im-
pact of leucine upon central regulation of the energetic balance [28]. Increased levels of branched chain amino 
acids levels in obesity have been reported since the 1960s. These reports are of great interest because of the role 
of these compounds in regulating satiety, leptin, glucose, cellular signals, intra-abdominal and body weight [29] 
[30].  

Growing evidence from animal studies shows that mainly essential amino acids play important roles in mul-
tiple signaling pathways, thereby regulating gene expression, intracellular protein turnover, nutrient metabolism, 
and oxidative defense. Some studies in the field stated the main role of oxidative stress in pathogenesis of athe-
rosclerosis, the imbalance between pro- and anti-oxidants contributing in a decisive manner within regulation of 
proinflammatory gene expression, very probably NF-κβ being one of the mediators [31] [32].  

Considering the choice of adding valine and leucine to the hypercholesterolemiant diet, our study suggests 
that modulation of the oxidative stress mediated through antioxidant enzyme levels can be partly explained by 
leucine's ability to convert to its metabolite β-hydroxyl-β-methyl butyrate (HMB), which has previously been 
revealed to modulate protein turnover and inhibit expression of NF-κβ. Furthermore, modulation of protein syn-
thesis through NF-κβ inhibition results in reduction of inflammatory response and thus of atherosclerotic events 
[33]. NF-κβ is therefore a central mediator of vascular inflammation that turns it into an attractive therapeutic 
target in cardiovascular disorders management. 

Amino acids are essential precursors for the synthesis of many molecules with a major impact upon body ho-
meostasis [34] [35]. Dietary supplementation with one or a mixture of amino acids may be beneficial in im-
proving health problems related to a variety of disorders, in which oxidative stress is an important pathogenetic 
link, therefore, any study of these changes in the field brings important insights for the understanding and man-
agement of various diseases. 

5. Conclusion 
Our experimental study designed to determine the changes in oxidative status after supplementation of the ani-
mals high-fat diet with two essential branched amino acids, revealed that both, valine and leucine, have a direct 
effect on reducing SOD and GPx values. This observation suggests an antioxidant capacity of valine and leucine 
with subsequent positive intervention in pathogenic mechanism of atherosclerosis. Comparing the activity of the 
two essential amino acids, we concluded that valine and leucine were not significantly different related to the 
speed and efficiency of their intervention in improving the biochemical antioxidant parameters. The mechanism 
behind these changes remains to be further investigated, as it was dependent on changes in oxidative status. This 
experimental study brings evidences supporting the protective effects of dietary amino acid supplementation, 
which open perspectives for new therapies to prevent the occurrence of atherosclerosis. 
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