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Abstract

Hypercholesterolemia has a major contribution to the occurrence and progression of atherosclerotic lesions.
Recent studies report the involvement of branched-chain amino acids in cholesterol methabolism. The aim of this
research was to evaluate the role of valine, leucine and isoleucine on the occurrence and progression of athero-
sclerosis in rats receiving hypercholesterolic diet. Material and methods: 50 male Wistar rats distributed into five
groups with the following type of diets: group I (control) received standard diet; group II - cholesterol; group 111
- cholesterol and valine; group IV - cholesterol and leucine; group V - cholesterol and isoleucine. The experimental
study was conducted over a period of 2 months. The animals were evaluated for the serum levels of total cholesterol
at the beginning of the experiment, after 1 month and after 2 months. The collected tissue fragments of heart and
aorta were prepared for the examination by optical microscopy in order to identify the atherosclerotic changes.
Results: The most increased values of serum cholesterol were recorded in rats from group II (p=0.001), for the
second and third evaluation. The histological examination showed early histopathological lesions on the vascular
intima for the groups treated with cholesterol, valine, leucine, and isoleucine. These early changes (the occurrence
of some superficial endothelial erosions, adhesion of erythrocytes and platelets) were correlated with the degree of
the arterial wall damage, of the leukocytes adhesion to the arterial intima, and the discontinuities of the internal
elastic lamina. Conclusion: The comparative study of the effects of the three essential amino acids revealed that
valine induced a faster response than leucine and isoleucine on the improvement of biochemical parameters, but
there were no significant differences between the three amino acids in terms of their protective ability, demonstrated
by the histopathological lesion assessment.
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Introduction

Among cardiovascular diseases, atheroscle-
rosis is the world’s leading cause of death [1].
Atherosclerosis is a multifactorial disease in
which hype-/dyslipidemia and oxidative stress
have major contributions to the initiation and
progression of the lesions [2-5]. The branched-
chain amino acids (BCAA) are diet-related es-
sential amino acids. Valine, leucine, and isoleu-
cine were included in this category. Recent ep-
idemiological studies reported the involvement
of BCAA in lipolysis, lipogenesis, and cholester-
ol methabolism [6]. Previous studies have shown
that valine and leucine increase the serum level
of HDL-C, proving an important contribution to
the regression of atherosclerosis [7, 8]. These two
BCAA were also related to a decreased LDL-C
serum level with potential role as lipid-lowering
agents [8, 9].

The aim of this research was to evaluate the
role of valine, leucine, and isoleucine in the oc-
currence and progression of atherosclerosis in
rats receiving hypercholesterolemic diet.

Material and methods

Animals and diets. Fifty male Wistar rats with
weights of 250-300 g (provided by the Cantacuz-
ino Institute from Bucharest) were used in this
study. The rats were distributed into five groups,
10 rats for each group, with the following type
of diets: group I (control) received standard diet;
group II (C) received 0.4g/kgc/day cholesterol;
group III (C + V) received 0.4g/kgc/day cho-
lesterol and 62.5mg/kgc/day valine amino acid;
group IV (C + L) received 0.4g kgc/day choles-
terol and 69.985mg/kgc/day leucine amino acid;
group V (C + iL) received 0.4g/kgc/day choles-
terol and 69.985mg/kgc/day isoleucine amino

acid. The cholesterol-rich diet was prepared by
adding to the normal diet (1%) 0.15% (p/p) of
cholesterol Sigma®C 8503 diluted in ethyl ether
P.A. In order to stabilise the ethyl ether, 10 ppm
of butil hidroxi-tolueno-BHT were used. The
cholic acid Sigma®C 1254 (0.25%) diluted in
absolute methanol Anhidro P.A. was added in
order to facilitate the absorption of cholesterol.
The amino acids were administered in the drink-
ing water.

The weight of the rats after 2 months of cho-
lesterol-rich diet was around 12% higher. The
animals included in the study were not evaluated
for the existence of other metabolic diseases.

The experimental study was conducted over
a period of 2 months (60 days). After the use of
75 mg/kge intraperitoneal ketamine for anes-
thesia, blood samples were collected from the
retro-orbitary plexus of each animal, in order
to evaluate the serum levels of total cholesterol,
at the beginning of the experiment (R0), after 1
month (R1), and after 2 months (R2). The cur-
rent research was carried out using the instruc-
tions provided by the “Guide for the Care and
Use of laboratory animals” [10]. The study com-
plied with the national and international ethical
regulation [11-13].

Serum cholesterol analysis. Serum total cho-
lesterol levels were measured with reagents from
Diagnosticum Zrt (Budapest, Hungary) [14].

Histopathological analysis. The collected
samples (tissue fragments of heart and aorta)
were prepared for the examination by optical
microscopy using paraffin embedding and sec-
tioning method. Two techniques were used for
the staining of the sections: hematoxylin and eo-
sin (HE) and Goldner-Szekely trichrome stains.
The histological slides were analysed in order to
identify the atherosclerotic lesions.
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Statistical analysis. The collected informa-
tion was introduced in a database which was
analysed with Microsoft Excel statistical func-
tions and Statistical Package for Social Sciences
(SPSS) version 12 software. The measured data
were represented as mean (M), standard devi-
ation (SD), coefficient of variation (CV), and
confidence interval (CI). One-way ANOVA was
used to compare means between groups; p<0.05
was considered as statistically significant.

Results

The evolution of total serum cholesterol

At the begining of the study (R0), in the con-
trol group, the values of serum total cholester-
ol ranged between 33.1 and 41.2 mg/dl, with a
mean of 36.9 mg/dl, followed by a slight increase
in the average level over the next period to 37.7
mg/dl (for R1) and 38.2 mg/dl for R2 (p=0.399).

The level of total cholesterol was investigat-
ed three times for each group: at the beginning of
the experiment (R0), after one month (R1), and
after two months (R2). In all 5 groups (control,
C, C+V, C+L, C+iL), the most homogeneous set
of values was registered at the end of the exper-
iment (R2 ): CV = 4.0% - control group; CV =
4.8% - cholesterol group; CV = 3.3% - choles-
terol and valine group; CV = 3.9% - cholesterol
and leucine group; CV = 4.1% - cholesterol and
isoleucine group .

Among the rats from the second group (C),
the level of the total cholesterol showed variable
values in the range between 29.3 and 41.2 mg/dl
(with a mean of 36.9 mg/dl). The trend was as-
cending after the initial moment of the evaluation
with significant increased values: a mean of 50.3
mg/dl for the second measurement (R1) (ranged
from 42.2 to 54.3 mg/dl) and 76.9 mg/dl for the
final moment of the study (R2) with a variation
between 70.8 and 80.4 mg/dl (p=0.001).

For the next group (C+V), at the begining
of the research (R0), the total cholesterol value

ranged from 35.1 to 38.5 mg/dl (mean of 37.0
mg/dl), followed by an increase at a mean of
40.9 mg/dl (range from 37.2 to 42.6 mg/dl) for
the next evaluation (R1), and 44.3 mg/dl (range
from 42.3 to 46.1 mg/dl) for the final moment of
the experiment (R2) (p=0.001).

At the initial moment (RO), the fourth group
(C+L) registred a variation of the total choles-
terol between 33.1 mg/dl and 40.1 mg/dl (with
a mean of 36.55 mg/dl). Variations of the total
cholesterol level were noted until the end of the
study. The mean values were 46.2 mg/dl after 1
month (R1) (with a minimum of 40.4 mg/dl and
a maximum of 49.1 mg/dl) and 49.7 mg/dl after
2 months (R2) (with a minimum of 45.5 mg/dl
and a maximum of 52.7 mg/dl) (p=0.001).

For the last group (C+iL), the first evaluation
of the total cholesterol levels (RO) revealed val-
ues from 33.3 to 40.1 mg/dl, the mean being 36.8
mg/dl. After the initial measurement, important
increases of the mean level of the total choles-
terol were observed as follows: 46.7 mg/dl after
one month (R1) (range between 40.4 and 50.1
mg/dl) and 49.9 mg/dl after two months (R2)
(range between 45.5 and 52.2 mg/dl) (p=0.001).

The valine-induced decrease in cholesterol
level was statistically significant compared with
the other two amino acids (p=0.002).

The most increased values were recorded
in rats from group C (cholesterol) (p=0.001),
for the second evaluation (R1) and for the final
moment of the experiment (R2). The differences
between the mean levels of the total cholesterol
among the studied groups did not show a statisti-
cal significance (p=0.993) in the initial measure-
ment (RO) (Table 1).

The highest individual values of total choles-
terol were recorded for the second group, which
received only cholesterol (Figure 1).

The histopathological study
The aim of the histopathological study was
to explore the lesions initiation related to the ath-
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Table 1. Statistical indicators of total cholesterol values compared by study groups

p value
(FANOVA test)

(mg/dl)

Min

Total cholesterol

95% CI
for mean (mg/dl)

CV (%)

StandardDevi-

Mean

Group

ation (mg/dL)

(mg/dl)

ax

Max

Min

RO

41.3

38.6 33.1

35.4

2.2
3.4
0.9
2.4

2.3

36.9

10
10
10
10
10

Control group
Group C

Revista Romdna de Medicina de Laborator Vol. 26, Nr. 1, lanuarie, 2018

39.3 29.3 41.2

34.4

36.9

0.993

37.7 35.1 38.5

36.3
34.83

37.0

Group C+V

38.3 33.1 40.1

36.6

Group C+L

38.5 333 40.1

35.1

36.8

Group C+iL

R1

36.3 39.1 344 40.1

2.0
3.5

37.7

10
10
10

Control group
Group C

52.8 42.2 54.3

47.8

50.3

0.001

42.1 37.2 42.6

39.9

1.6
2.5

40.9

Group C+V

47.9 40.4 49.1

44.5

46.2

Group C+L

48.7 40.4 50.1

44.7

46.7 2.8

10

Group C+iL

R2

39.5 35.9 40.9

36.9

1.8
3.1

38.2

10
10
10
10
10

Control group
Group C

70.9 80.4
4

79.2

74.7

76.9

6.1 0.001

453 42.2

43.2

1.5
1.9

2.1

443

Group C+V

51.1 45.5 52.7

48.3

49.7

Group C+L

51.3 45.5 52.2

48.4

49.9

Group C+iL

erosclerotic process and the eval-
uation of the correlation between
pathological changes associated
with the hypercholesterolemic diet
and the administration of some
essential amino acids (valine, leu-
cine, and isoleucine).

In this current experimental
research, aorta and coronary ar-
tery walls showed the following
features: superficial erosions of
the endothelium lining the vessel
lumen, variable adhesion of eryth-
rocytes, leukocytes, and platelets
to the arterial wall correlated with
the degree of arterial wall damage,
occurrence of rare foamy macro-
phages on the arterial intima, and
mild thickening of the arterial wall
(Table 2).

For the control group (includ-
ing rodents that received a standard
diet) the histopathological exam-
ination showed a normal feature of
the arterial wall using both HE and
Goldner-Szekely trichrome stains.
The intima of the analysed arteri-
al wall fragments revealed a deli-
cate simple squamous epithelium
separated from the internal elastic
lamina by a loose subendothelial
connective tissue containing sever-
al fibroblasts, smooth muscle cells,
and thin collagen fibers. Multiple
concentrical layers of muscle fibers
have been noticed in the tunica me-
dia of coronary arteries. The tunica
adventitia was relatively thin and
contained fibroblasts, longitudinal
bundles of collagen fibers, and a
loose network of elastic fibers.

The histopathological exam-
ination of the tissue fragments of
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Fig.1. The trend of total serum cholesterol values for experimental groups

the rodents that received hypercholesterolemic
diet revealed some changes in the arterial wall
structure that affected the endothelium and the
subendothelial space. Optical microscopy exam-
ination showed specific features of endothelium
characteristic for the prelesional stage of ath-
erosclerosis, revealing a degree of endothelial
dysfunction, such as adhesions of erythrocytes
and platelets, associated with endothelial dis-
continuity (table 2). Leukocyte margination and
rare macrophage occurrence in the subendothe-
lial tissue were also observed. The endothelial
damage may have resulted from LDL cholesterol

endocytosis, followed by phagocytosis by mac-
rophages that were consequently transformed
into foam cells, in the subendothelial space (Fig-
ure 2a).

The above described changes were reduced
within the groups which received valine, leucine,
and isoleucine, respectively, comparing with the
group receiving cholesterol, demonstrating the
protective role of the three amino acids associat-
ed with hypercholesterolemic diet.

Thus, reduced erythrocyte and platelet ad-
hesion to both types of arterial walls (aorta and
coronaries) were noticed within the third group

Table 2. The assessed histopathological changes related to early atherosclerotic process by study groups

Group Adhesions of Adhesions of erythrocytes Superficial erosions of the
leucocytes and platelets endothelium

CONTROL - - -

C ++ ++ ++

C+V + + -

C+L + + +/-

C+HL + + +/-
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g Goldner—Szekely ilmhrome stam x200 h Goldner—Szeke]y lnchrome stam 3200

Fig. 2a. Vascular wall with early atherosclerotic changes in group II (Hypercholesterolemic rats): adhesions
of erythrocytes and platelets associated with endothelial discontinuity; leukocyte margination and rare
macrophages at the level of the subendothelial tissue (HE stain - a, ¢, e x100; b, d x 200; f x400; Goldner-
Szekely trichrome stain - g, h x200)
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(rodents receiving a diet rich in cholesterol asso-
ciated with valine) (Table 2). The internal elastic
lamina preserved its continuity, and the elastic
layers of the coronary wall structure showed a
structure within normal histological limits in HE
and Goldner-Szekely trichrome stains (Figure
2b).

The evolution of changes in the rats from the
fourth group (the animals receiving a cholesterol
diet associated with leucine) revealed a similar
feature with that observed in animals from the
third group (cholesterol and valine diet). Micro-
scopic examination showed reduced erythrocyte,
leukocyte, and platelet adhesion to the endothe-
lium, preserving the disposition of the elastic
layers within the structure of coronary tunica
media.

The fifth group (rodents which received a
high cholesterol diet associated with isoleucine)
exhibited similar morphological features when
compared with groups III and IV, as follows:
presence of some arterial lumens, sometimes
with irregular endothelium, and with a slight ad-
hesion of erythrocytes, and platelets due to inti-
mal discontinuity.

Discussions

Cardiovascular disease is the main cause
of death in the United States and globally. An
insight into the major risk factors of cardiovas-
cular disease identifies hypercholesterolemia, as
one of its major consequences is atherosclerosis,
involving many genetic and environmental fac-
tors which are difficult to control [15]. Further-
more, oxidative stress contributes to the patho-
genesis of hypercholesterolemic atherosclerosis.
Anandhi et al. conducted an experimental study
on atherosclerosis, using male Wistar rats which
were fed with an atherogenic diet, for 45 days.
The study results indicate significantly higher
average levels of serum lipid profile parameters
(total cholesterol, triglycerides, and low-density
lipoprotein cholesterol) [16], the fact being also

reported in our study, regarding the level of total
cholesterol.

Of the 8 branched-chain amino acids, leu-
cine, isoleucine, and valine are considered the
essential amino acids. Xiao et al. found that a
diet deficient in amino acids used for a period
of 7 days quickly reduces abdominal fat mass
in mice [17]. Recent scientific evidence from
studies conducted on animals and humans have
reported a link between levels of branched-
chain essential amino acids and obesity [18].
Moreover, recent research suggests that leucine
is involved in systemic cholesterol metabolism.
Thus, Zhao et al. investigated the effects of leu-
cine supplementation on the development of ath-
erosclerosis in mice. The mice were fed with a
diet supplemented with leucine (1.5% w/v), in
drinking water, for 8 weeks. Leucine supplemen-
tation resulted in a 57.6% reduction in aortic ath-
erosclerotic lesions in mice, a 41.2% decrease in
serum levels of LDL cholesterol, and an increase
by 40.2% in serum levels of HDL-cholesterol
[4]. Unlike Zhao’s study that found no change in
the level of total cholesterol after leucine supple-
mentation, the current research revealed that the
level of total cholesterol was significantly lower
in the rats from the group receiving a diet sup-
plemented with leucine. In an analogous manner,
the study developed by our research team noted
a further lower level of total cholesterol in the
group receiving valine.

Cojocaru et al. showed in previous studies
that the combination of amino acids like va-
line and leucine in human diets can produce
the regression of atherosclerosis or other clin-
ical entities associated with hyperlipidemia [7,
9]. Miasoedov et al. conducted an experimental
study regarding the administration of essential
amino acids leucine, glycine, and proline to rats
and showed that this diet may reduce the risk of
vascular blood clots, and thus may prevent the
occurrence of atherosclerotic plaques in the ar-
terial wall [19].
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g Goldner-Szekely trichrome stain X200  h  Goldner-Szekely trichrome stain x200
Fig. 2b. Vascular wall with early atherosclerotic changes — group III (hypercholesterolemia+Valine):
reduced erythrocytes and platelets adhesion to the arterial walls; internal elastic lamina and elastic layers
of the coronary wall within normal histological limits (HE stain - a, b, c, d, e, f x200; Goldner-Szekely
trichrome stain — g x100, h x200)
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An important characteristic is that athero-
sclerotic plaques developed in mice show com-
mon features with human atherosclerotic plaques
[20], facilitating the translation of results to the
human body.

Although the effect of hypercholesterolemia
in the atherosclerotic process is well-known, a
limited number of studies regarding the effect of
hypercholesterolemia without development of
atherosclerotic lesions are available in literature.
Studies were carried out to investigate the effects
of hyperlipidemia induced by high-cholester-
ol diet on the rat aorta, isolated in the absence
of the atherosclerotic lesion. The rats from the
control group were fed with a standard diet and
two other groups were fed with a high fat diet
for 36 days. The blood lipid level was measured
and a sample of the thoracic aorta was collect-
ed for histological study, at the end of the ex-
periment. The results of the study conducted by
Garjani et al. revealed that high-cholesterol diet
significantly increased both the serum levels of
total cholesterol and LDL-cholesterol (p<0.001).
Increased serum cholesterol level was associat-
ed with a significant reduction of the endothe-
lial vasodilation in the thoracic aorta, although
the histopathological study revealed no athero-
sclerotic lesion. The study concluded that high
cholesterol level was associated with endothelial
dysfunction despite the absence of aortic ath-
erosclerotic lesions [21]. The situation is simi-
lar to that observed in the current study where
the atherosclerotic plaques were not developed
because the duration of the experiment was 60
days, not long enough to cause severe damage.
However, we found biochemical level changes
in lipid metabolism that characterise prelesional
atherosclerosis stages. Also, the histopatholog-
ical study indicated some features that precede
the consequent development of atherosclerotic
lesions.

Although LDL and HDL values are more
specific targets in the management of hyper/dis-

lipidemias, we did not evaluate these markers, so
this could be a limitation of our current research.

The biochemical study conducted by our
team reveals, by comparing the different sets of
lipid metabolism parameters according to the
experiment design, that the nonpolar type of
essential amino acids like valine, leucine, and
isoleucine have a direct effect in reducing the
total cholesterol plasma levels. Consequently,
the vascular endothelium is protected with an
important result in diminishing the risk of en-
dothelial dysfunction. The comparison between
the three essential amino acids demonstrates that
valine induces a faster response than leucine and
isoleucine, regarding the improvement of bio-
chemical parameters, but no differences between
the three amino acids are found in terms of their
protective ability by histopathological lesion as-
sessment, very probably due to short term eval-
uation.

The research which was carried out by our
team found that the occurrence of early changes
in the vascular intima that involves the endothe-
lium, the subendothelial tissue, and the tunica
media (the occurrence of some superficial endo-
thelial erosions, of a discrete, medium, or severe
adhesion of erythrocytes and platelets) was cor-
related with the degree of the arterial wall dam-
age, of leukocyte adhesion to the arterial intima,
and of the discontinuities of the internal elastic
lamina.

These microscopic aspects of endothelial
dysfunction can be explained by the oxidative
theory of atherogenesis according to which the
origin of this process is located in the endothelial
cells. As a consequence, any type of aggression
exerted on the endothelium has a major signifi-
cance, contributing to the initiation of the lesion.
The excess of reactive oxygen species affects
endothelial cells and the subendothelial extracel-
lular matrix which leads to adhesion of formed
elements of blood [22].
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Conclusions

The final conclusions of the study support
the fact that the hypercholesterolemic diet accel-
erated the occurrence of biochemical and mor-
phological changes specific to atherosclerosis.
Valine, leucine, and isoleucine cause a signifi-
cant reduction of histopathological lesions and
biochemical changes produced as a consequence
of a high cholesterol diet. The histopathological
examination showed that valine, leucine, and
isoleucine had a beneficial contribution to the
vascular wall, early histopathological lesions.

The experimental study provides material
evidence that supports the protective effects of
the diet supplemented with essential amino ac-
ids, opening perspectives for new product devel-
opment that could be used in the prevention of
atherosclerosis.

Conflicts of interest

The authors declare that they have no con-
flict of interest.

List of abbrevations

BCAA = Branched-Chain Amino Acids
C = cholesterol

C + V = cholesterol + valine

C + L = cholesterol + leucine

C + 1L = cholesterol + isoleucine

M = mean

SD = standard deviation

CV = coefficient of variation

CI = confidence interval
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