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ABSTRACT

Background: Homocysteine (Hcy) is an important intermediate product in normal
metabolism of methionine. On the other hand, several studies have reported
beneficial effects of folate on endothelial dysfunction. However the exact mechanism
remains to be elucidated. Thus the objective of this study was to asses the relationship
between total plasma Homocysteine (tHcy) and early atherosclerotic changes and
whether Hcy exerts its effect through the vascular adhesion molecule (VCAM-1) or
not. Study Design: Forty adult male mice were randomly divided into 4 groups, each
group included 10 mice. Control group which received the control diet. Group II:
which received the control diet plus methionine dissolved in drinking water (4.4%) at
doses of 3-4 ml/day/mice for 8 weeks. Group III: received the control diet and
methionine by the same previous dose and duration, concomitant with folic acid in a
dose Img/kg. Group IV: received the control diet and methionine by the same
previous dose and duration then followed by folic acid in the same previous dose for
another 8 weeks. Blood samples were taken for estimation of tHcy ,total cholesterol
(TC),High density lipoprotien (HDL),Low density lipoprotein (LDL), nitric oxide
(NO) , superoxide dismutase (SOD) . Specimens from aorta were taken and processed
for imunohistochemical staining of VCAM-1 and histopathological examination.
Results: The plasma level of Hey and cholesterol of group II were significantly higher
than those of the remaining groups and there was a positive correlation between
plasma level of Hcy and cholesterol. Although there was no significant difference
between group I and group Il ,there was a significant difference of these levels
between group I and group IV. Plasma levels of LDL,HDL and triglycerides did not
differ statistically between all studied groups. Plasma levels of NO in group II was
significantly lower than the other studied group .Its levels in group I was significantly
higher than that of group III and group IV. Plasma levels of SOD of group II was
significantly lower than the other studied group. Although there was no significant
difference between NO levels of group I and group I, there was a significant
difference of these levels between group I and group 1V. As regard the endothelial
VCAM-1 expression, marked increase in the expression of VCAM-1 in group II. Low
expression in group IlI (similar to the groupl). Moderate expression of group IV. The
high expression of VCAM-1 in group II might be responsible for the observed
histological changes; thickening of the aortic wall and adherent inflammatory cells to
the irregular endothelial lining. Conclusion: Elevated plasma homocysteine is a risk
factor for early atherosclerosis which was confirmed by the endothelial expression of
VCAM-1. Prophylactic administration of folic acid has a beneficial effect more than
its role as a treatment.
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INTRODUCTION

Homocysteine (Hcy) is a thiol
amino acid that lies at a critical branch
point in methionine metabolism. In
most tissues, methionine is activated
by ATP to form S-
adenosylmethionine(SAM). A major
product of SAM-dependent methyl
transfer reactions is S-
adenosylhomocysteine (SAH), which
can undergo hydrolysis to form Hcy.
Hcy can either undergo condensation
with serine to form cystathionine, or
undergo remethylation to form
methionine. In most tissues, the major
pathway for homocysteine
remethylation is catalyzed by the
vitamin ~ Bl2-dependent  enzyme
methionine  synthase  (MS).This
reaction utilizes 5
methyltetrahydrofolate, =~ which s
generated by 5,10-methylene
tetrahydrofolate reductase
(MTHFR)®.

Atherothrombosis is a complex,
chronic process that is initiated at sites
of endothelial cell injury and
culminates in atherosclerotic lesion
disruption with superimposed
thrombus formation®.
Hyperhomocysteinemia (HHcy) is a
pathological condition characterized
by an increase in  plasma
concentration of total homocysteine
(tHcy). Numerous clinical and
epidemiological studies have
indicated that HHcy is an independent
risk factor for atherothrombotic
disease®. Furthermore, a direct causal
relationship between induction of
HHcy and accelerated atherosclerosis
has been reported®.

Adhesion of circulating
monocytes to endothelial cells is early
step in the atherosclerotic process and
is mediated by inducible cell adhesion
molecules such as intercellular
adhesion molecule (ICAM)-1 and
vascular cell adhesion molecule
(VCAM)-1, which are expressed on
the surface of endothelial cells.
Increased expression of adhesion
molecules is observed in
atherosclerotic lesions and plaque(s).

The inflammatory molecules,
including monocyte chemoattractant
protein-1(MCP-1), VCAM-1, ICAM-
1 and E-selectin, have been proposed
as key elements in this inflammatory
responses and Hcy affects the
expression of some inflammatory
factors in both aortic endothelial
cells® and monocytes”.

Verharr et al.® reported that
folates may play a role in the
prevention of cardiovascular disease
and several studies have reported
beneficial effects of folates on
endothelial function. However the
exact mechanisms underlying the
ameliorative effects of folates on the
endothelium remain to be elucidated.
Thus far, most studies have focused
on the Hey lowering effects of folates.
Aim of the work:

To assess the relationship
between plasma t-Hcy and early
endothelial changes in adult male
mice and to determine if Hcy exerts
its effect through the VCAM-1 or not.

Relationship between plasma t-
Hcy and folic acid, also determination
of the effect of folic acid in preventing
and treating the early atherosclerotic
changes were also evaluated.
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MATERIALS & METHODS

Chemicals:

1. L-Methionin was supplied from

Titan Biotech limited.

Kits:

1. Assay kits for estimation of plasma
levels of t-Hcy by ELIZA kit
supplied by IBL GmbH-
Flubhafenstrasse 52A-D = 22335
Hamburg, Germany.

2.Total cholesterol kit: Enzymatic
colorimeteric kit supplied from
Stanbio Laboratory Inc.

3. Triglycerides  kit: Enzymatic
colorimeteric  triglyceride kit
supplied from Stanbio Laboratory
Inc.

4. HDL-cholesterol kit: Enzymatic
colorimeteric HDL-cholesterol kit
supplied from Stanbio Laboratory
Inc.

5.VCAM-1: supplied from Santa
Cruze Biotechnology.

Animals:

Forty mice with body weight 24—
27g were obtained from the Animal
House in Faculty of Medicine in
Assiut University . Mice were housed
under condition of  controlled
temperature (24-265 C), humidity
(55-60 %) and at natural photobic
periods for one week before the start
of the experiment. A commercial
balanced diet and tap water adlibitum
were provided to all animals. After
the adaptaion period the animals were
randomly divided into:
1.Group [I: included 10 mice

(represented the control animals).

2. Group II: included 10 mice received
methionine. The concentration of
methionine in drinking water was
adjusted to deliver a total of 4.4 %
methionine / L drinkinig water for 8

weeks and the doses were
calculated assuming an average
water intake of 3 to 4 mL/d and an
average body weight of 25 g. The
concentration was changed every 3
days to deliver approximately the
same dose based on average water
intake®.

3. Group III: included 10 treated mice
with methionine by the same dose
of group II + folic acid (1 mg/kg)
for 8 weeks.

4. Group IV: included 10 mice treated
with methionine for 8 weeks then
followed by intake of folic acid in a
dose of (Img /kg) for another 8§
weeks.

At the end of study, all the
animals were sacrificed and blood
samples from all the animals were
collected via retro- orbital puncture
(optic vien). Non fasting blood
samples were obtained in chilled
EDTA-containing microtubes and
centrifuged immediately and the
plasma were divided into two
aliquots, first aliquot was stored at —
20 C until analysis.

The buffy coat from 2™ aliquot
was discarded and RBCs were washed
3 times with saline and were
hemolysed with an equal amount of
distilled water for determination of
enzymatic activities of erythrocytic
superoxide dismutase (Ery.SOD).

Plasma was analyzed for levels of
t-Hey by ELIZA technique kit
according to Frantzen et al®, plasma
levels of total cholesterol by
colorimeteric method according to
the method of Allain™ and
triglycerides levels according to the
method  of Wahlefeld™.
Determination of HDL-C level was
based on kit colorimeteric ~method
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described by  Finely™. LDL-C
calculated according to Feidewald?.

Level of Nitric oxide(NO) in
plasma was determined by the
evaluation of its oxidant products,
nitrates and nitrites by using Griess
reaction®. Determination of
Ery.SOD activity according to Misra
and Fridovich™,

The thoracic aorta was isolated
immediately from all sacrificed mice
and divided into segments which were
taken for histological
immunohistochemical examination.
Statistical Analysis:

All values were expressed as
mean + SE. Differences between
groups were determined by Student’s
Newman Kelus t test. Values were
considered insignificant if P value is
>0.05 and significant if P value is <
0.05.Simple linear correlation was
performed to analyze the relation
between plasma Hcy and plasmatic
levels of cholesterol. Prism computer
program (graph Pab version 3.0) is
used for statistical analysis™®.
Histopathological examination:

Specimens from aorta were
immersion-fixed in 10% neutral-
buffered formalin overnight and then
embedded in paraffin, sectioned at 5
um and stained with haemotoxlyin and
eosin(H&E) then were examined with
light microscopy for histological
structure.

Other Specimens were examined
by immunohistochemical method
using VCAM-1 kit.
Immunohistochemistry
Examination:

VCAM-1 expression was
determined on paraffin sectioned
(5mm thick) of the aorta blocked with
10% horse serum and incubated with

primary antibody (polyclonal goat
antimouse VCAM-1 of 5mg/ml
overnight at 4< C followed by biotin-
conjugated horse antigoat antibody ,
avidin-biotin complex , and 3, 39-
diaminobenzidine as substrate.
Photographs were taken by use of a
light microscopy at a magnification of
X 1000.

RESULTS

I-Biochemical Data:

Table (1) shows mean values +
SE of plasma levels of t-Hcy in all the
studied groups. It was observed that
the mean plasma level of t-Hcy in
group II was 17.25 + 0.496 umol/L
which was significantly higher than
those of group I, group III and group
IV(17.25 + 0.49 umol/L versus 10.05
+0.12 umol/L, 10.15+0.15 umol/L,
10.54+0.09 umol/L, P>0.001
respectively). Also the plasma levels
of Hey of group IV was significantly
higher than those of group I and group
I (10.54 +0.09 umol/L versus10.05
+0.12 umol/L and 10.15+0.15 umol/L,
P<0.05, P<0.01 respectively).
Although there was no significant
difference between plasma levels of t-
Hcy of group I and group III.

From table (1) it is clear that
plasma level of total cholesterol (TC)
of group II was significantly higher
than those of group I, group III and
group IV (158.5 +7.22 mg/dl versus
101.1£ 2.58 mg/dl, 103.1+ 2.6 mg/dl,
112.5 + 327 mg/dl, P> 0.001,
respectively). The plasma levels of
TC of group IV was higher than those
of group I and group III (112.5 = 3.27
mg/dl  versus101.1£ 2.58 mg/dl,
103.1+ 2.6 mg/dl, P<0.05,
respectively). Also there was no
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significant difference between plasma
levels of TC of group I and group I1I

Figure (1) shows that there was a
significant correlation between the
plasma levels of t-Hcy and plasma
levels of TC in group II (r = 0.8894,
n=10 with P>0.001) .Although there
were no correlations between the
plasma levels of t-Hcy and plasma
levels of TC in the other groups.

There were no significant
differences  between the mean
concentrations of HDL-C in the
plasma of group I, group II, group III
and group IV which were (27.94 £ 1.9
mg/dl, 25.82 £ 1.4 mg/dl, 27.8 + 1.5
mg/dl, 25.91+1.3 mg/dl, respectively).

The mean concentrations of LDL-
C in the plasma of group I, group II,
group III and group IV (58.51+2.932
mg/dl, 65.24+3.3 mg/dl, 60.25+1.64
mg/dl, 62.6+2.4 mg/dl respectively)
did not show significant differences
between the different studied groups.

The mean plasma levels of
triglycerides of group I, group II,
group III and group IV (73.29 + 2.59
mg/dl, 77.3 £2.4 mg/dl, 70.67 = 3.2
mg/dl and 727 £+ 19 mg/dl
respectively) did not differ
statistically.

Table (2) and figure (2) show that
the mean plasma levels of NO in
group I wasl3.67+0.49 umol/l. The
mean plasma levels of NO in group II
was significantly lower than that of
group I, group III and group IV
(7.69+0.19 umol/I. versus 13.67 +0.49
umol/l., 12.54 + 0.27 umol/l. and
10.26 + 0.15 umol/l , P>0.001,
respectively). The mean plasma levels
of NO in group I was significantly
higher than that of group III and group
IV (13.67+0.49umol/L. versus 12.54
+0.27umol/L, and 1026 =+ 0.15

umol/L, P>0.05, P.0.001,
respectively). Also the mean plasma
levels of NO in group III was
significantly higher than that of group
IV 12.54 £ 0.27umol/L versus 10.26 +
0.15 umol/L, P>0.001, respectively).

In this study the Ilevels of
Ery.SOD were also determined in all
studied groups. The levels of Ery.
SOD of group II was significantly
lower than that of group I, group III
and group IV (17.69 = 1.7 U/gm Hb
versus 33.7+ 2.7U/gm Hb , 32.2+
2.9U/gm Hb and 25.19+ 1.7 U/gm Hb
versus, P>0.001, P>0.001 and P>0.01,
respectively).The levels of Ery. SOD
of group I was significantly higher
than that of group IV (33.7+ 2.7U/gm
Hb versus 25.19+ 1.7 U/gm Hb,
P>0.05). There was no significant
difference between levels of Ery.
SOD of group I and that of group III.
Moreover there was no significant
difference between levels of Ery.SOD
of group III and that of group IV. All
data concerned of levels of Ery.SOD
are shown in table (3) and figure (3).
I1-Histological and
Immunohistochemical results:
Group I:

The wall of the aorta in these
animals is formed of the usual 3 layers
:a) Tunica intima with characteristic
single squamous epithelium and
delicate sub endothelial tissues.
b)Tunica media that is formed of
several layers of smooth muscle fibers
intermingled with large amount of
elastic fibers c¢) Tunica adventia is
formed of loose connective tissues
rich in elastic fibers .(Fig. A).

Immunohistochemical method for
detection of VCAM-1 in the
endothelial cell monolayer
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demonstrates minimal reaction (Fig.
B).
Group Il:

There is increase of the thickness
of aortic wall, marked irregularity in
the endothelial layer which is covered
with large number of attached
inflammatory cells (lymphocytes and
monocytes) attached to the markedly
irregular endotheial layer. There is
marked increase of waviness of elastic
fibers (Fig. C).

The detection of VCAM-1in the
aorta isolated from group II
demonstrates highly positive reaction
in the endothelial cell of and in the
macrophages derived foam cell (F)
(Fig. D).

Group IlI:

The thickness of the aortic wall
looks similar to the control (group
I).The tunica intima looks like those

of the control (apart of from
inflammatory cells aggregated in the
sub endothelial layer) and tunica
media also looks like those of the
control group (Fig.E).
Immunohistochemical method for
detection of VCAM-1 in the
endothelial cell demonstrates a low
positive reaction slightly higher than
that of control (Fig. F).
Group IV: There is increase in the
thickness of the aortic wall, there is
irregularity in the endothelial layer but
no detectable inflammatory cells. The
tunica media looks more or less
similar to the control (Fig.G).
Detection of VCAM-1 in the
endothelial cell demonstrates
moderate positive reaction. Migrating
macrophages is observed toward an
area of perforation in the endothelial
layer (Fig. H).

Table (1): Plasma levels of total homocysteine and cholesterol in all studied

groups of mice

Groups | Group | Group Il Group 111 Group IV
Parameter
Hcy (umol/L) 10.05£0.12 | 17.25£0.49*%" | 10.15+0.15° | 10.54+0.09 °*
Cholesterol (mg/dl) | 101.1+2.58 | 158.5+7.22 " | 103.142.6° 112.5+3.27°¢

Values are mean + SEM for 10 mice each group

a: P <0.001 as compared to group I
b: P<0.05 as compared to group 1

c¢: Non significant as compared to group [

d: P <0.001 as compared to group 111

e: P<0.05 as compared to group 111

f- P<0.001 as compared to group IV

Table (2): Plasma levels of Nitric oxide (umol/L) in the studied groups

Groups Group | Group Il Group Il Group IV
Plasma levels of a bee ce
NO (umol/L) 13.67+0.49 | 7.69+0.19 12.54+0.27 10.26+0.15

a: P <0.001as compared to group 1
b: P<0.05 as compared to group I
c: P<0.001as compared to group 11

d: P<0.05 as compared to group I1
e: P<0.05 as compared to group 1V
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Table (3):Plasma levels of Superoxide dismutase (U/gm Hb) in all studied groups

Groups Group | | Group Il Group 111 Group IV
Plasma levels of SOD 33.742.7 | 17.69£1.7° | 32.242.9 %' [ 25.19£1.7>¢
(U/gm Hg)
a: P <0.001as compared to group 1 d: P<0.001 as compared to group I1
b: P<0.01 as compared to group 1 e: P<0.05 as compared to group 11

c¢: Non significant as compared to group 1 1> P<0.05 as compared to group IV

r=0.8894

Plasma levels of
cholesterol (mg/dl)

Plasma levels of homocysteine (umol/L)

Figure (1): Correlation between plasma levels of cholesterol (mg/dl)
and plasma levels of total homocysteine (umol/L) in group 11

15-
T bce == Group |
S 2 Group I
a,c &zz3 Group |l

o
?

Group VvV

a1
1

Plasma levels of
NO(umol/L)

Group|  Group Il  Group Il  Group IV

Figure (2): Plasma levels of Nitric oxide (NO) in group 1, group 11, group 111
and group IV

a: P<0.001as compared to group 1 d: P<0.05 as compared to group 11
b: P<0.05 as compared to group 1 e: P<0.05 as compared to group IV
c: P<0.001as compared to group 11
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Fig. (3): Levels of Ery. SOD (U/gmHb) in group I, I1, 111 and group 1V

a: P <0.001as compared to group 1 d: P<0.001 as compared to group 11
b: P<0.01 as compared to group I e: P<0.05 as compared to group 11
c¢: Non significant as compared to group 1 1> P<0.05 as compared to group IV

Fig (A): A paraffin magnified section of the aorta of group | showing tunica intima
and media (H& E X 1000)
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Fig (B): Immunochistochemical method for detection of VCAM-1 in the aorta of
group | showing minimal expression of the adhesion molecules in the endothelial
layer monolayer (arrow). (X1000).

Fig (C): A paraffin magnified section of the aorta of group Il showing
inflammatory cells (Lymphocyte & monocyte) attached to the markedly irregular
endothelial layer. (H &E X 1000)
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Fig (D): Immunohistochemical method for detection of VCAM-1 in the aorta of
group 11 showing marked expression of the adhesion molecules in the endothelial
cells and the intimal macrophages derived foam cells.(F). (X 1000).

Fig (E): Magnified section in the aorta of group 111 animals showing the tunica
intima looks like those of control apart from the inflammatory cells aggregated in
the sub endothelial layer (H& E X 1000)
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Fig (F): Immunohistochemical method for detection of VCAM-1 in the aorta of
group Il showing low expression of the adhesion molecules (arrow)and denude
sites began to rendotheliazed (X 1000).

Fig (G): A paraffin magnified section the aorta of group IV animals showing
irregularity in the endothelial layer but with no detectable inflammatory cells.
(H&E X1000)
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Fig (H): Immunohistochemical method for detection of VCAM-1 in the aorta of
group 1V showing moderate expression of the adhesion molecule in the endothelial
cell. Macrophages migrating through endothelial cells (arrow). (X1000).

DISCUSSION

The present study was designed
to determine if elevated plasma levels
of tHcy in mice causes early
atherosclerotic ~ changes of the
vascular endothelium characterized by
increased expression of VCAM-I or
not. The most striking finding of this
study was that plasma levels of t-Hcy
in group II are significantly higher
than those of group I group III, and
group IV. The results showed that in
this group there were endothelial
dysfunction in the form of leukocytes
and monocytes adhesion and this was
due to the HHcys. This HHcy was
explained by Hirche et al.*”, who
reported that  methionine  was
metabolized to produce homocysteine
via S- adenosyl homocysteine. In
addition, methionine and  its
intermediate product can inhibit

homocysteine methyltransferase and
thereby block the metabolism of Hcy,
leading to increased plasma t-Hcy
levels. It was also observed in this
work that HHcy of group II causes
early changes of atherosclerosis
through stimulation of expression of
VCAM-I in the endothelial layer and
in macrophages derived foam cells.
This was associated with adherent
inflammatory cells to the denuded
vascular endothelium and increased
intima -media thickness which is in
accordance with Stray et al.*® who
reported that an inflammatory lesion,
consisting only of monocyte-derived
macrophages and T lymphocytes, is
considered the earliest stage of
atherosclerotic lesion

There was no  significant
difference between plasma levels of t-
Hcy of group I and group III. This
findings showed that supplementation
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of folic acid as a prophylaxis for
group III decreased the plasma levels
of t-Hcy to the control levels which
was accompanied by low expression
of VCAM-I in the aortic wall. The
thickness of the wall of the aorta looks
like that of group I, this is explained
by that folate has a Hcy lowering
effect by its action as a substrate in
remethylation of Hcy to methionine
which prevented the high level of
VCAM-I expression. Plasma levels of
tHey of group IV were significantly
higher than those of group I and group
III which were associated with
moderate expression of VCAM-1 and
improvement in the denuded vascular
endothelium This means that folic
when used as a prophylaxis has better
lowering effect of plasma levels of
tHcy and its associated atherosclerotic
changes than used as a treatment for
HHcy.

The present study shows that
dietary intake of methionine for 8
weeks has a hypercholesterolemic
action when added to cholesterol-free
diet in adult mice, as the plasma level
of TC in group Il was significantly
higher than that of group I, group III
and group IV. Moreover, there was a
significant correlation between the
plasma levels of Hey and TC in group
II. This was evidenced by presence of
foam cells. However, group II of mice
did not show distinct alternations in
concentrations of plasma lipoproteins
and triglycerides and did not show
plaque formation through out the
sections of abdominal aorta studied.
These results are in accordance with
previous studies by Zulli et al."?.
Hirche et al.*” who explained this
hyperchloestremia by that dietary
intake of methionine causes HHcy

which  induces  activation  of
cholesterol synthesis, not by down
regulating LDL receptors or change
LDL wuptake. Hcy activates the
transcription factors sterol regulatory
element binding protein -2 (SREBP -
2) and cAMP response element
binding protein which play a key role
in cholesterol synthesis. On the other
hand, the alternation in the
methionine/Hcy pathway are also
believed to have hypercholesterolemic
action by increasing the
phosphatidylcholine:
phosphatidylethanolamine ratio in the
liver, which in turn raises the
concentration of cholesterol in
plasma.

The plasma cholesterol levels of
group I and III did not show
significant alternations however, that
of group IV which was supplemented
with folic acid as a treatment was
decreased from that of group II but
still significantly higher than that of
group I and III. This shows that folic
acid has a beneficial effect when used
as a prophlayctic.

Endothelial dysfunction, a crucial
early event in atherogenesis, is
characterized by reduced
bioavailability of NO®.This study
reported that plasma levels of NO of
group II were significantly decreased
than levels of other studied groups,
and this in accordance with Lentz®"
who reported of experimental HHcy
causes impairment of vasodilation
mediated by endothelium-derived
nitric oxide This was explained by
that expression of eNOS does not
appear to be decreased during HHcy
so it appears that HHcy decreases
nitric oxide bioavailability through
increasing levels of reactive oxygen
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species (ROS), which contribute to
the  oxidative  inactivation  of
endothelium-derived nitric oxide in
HHcy(21).

Another potential mechanism for
endothelial dysfunction during HHcy
is inhibition of nitric oxide production
caused by asymmetric
dimethylarginine (ADMA), an
analogue of L-arginine that acts as
competitive inhibitor of eNOS®@?.

The plasma levels of NO in group
I which had the folic acid as a
prophylaxis and group IV which took
the folic acid as a treatment were
higher than that of group II, this
shows that folic acid could improve
the plasma NO bioavailability.
However, folic acid can increase NO
production by NO synthase as it has
been suggested that folic acid
increases endogenous regeneration of
tetrahydrobiopterin, an  essential
cofactor for NO synthase. The effect
of folate may result in decreased NO
synthase- dependent O°, formation as
well as increased NO productio®.
Folate has been also suggested to be
involved in endogenous regeneration
of BHy, an essential cofactor for NO
synthase. The plasma levels of NO of
group III was higher than that of
group IV and this indicates that folic
acid act as a prophylaxis better than as
a treatment.

Oxidative stress may contribute
to the deleterious effect of HHcy.
HHcy induces endothelial cell injury
through an oxidant — mediated
mechanism , as Oxidative stress can
stimulates NF-KB which regulated the
expression of various genes involved
in the inflammatory response of
atherosclerosis , such as VCAM-1
(24).The results showed that the levels

of Ery. SOD activity in group II were
significantly decreased than other
studied groups, this was due to that
HHcy inhibits the antioxidant
potential of the cells so it inhibits the
levels of Ery. SOD activity. HHcy
also induces cell injury/dysfunction
through a mechanism involving auto-
oxidation and oxidative damage. Folic
acid supplementation as a prophylaxis
in group III has a potent antioxidant
effect which was evidenced by
elevation of the levels of Ery. SOD
activity of these group to the control
levels but it did not occur when it was
used as a treatment in group IV.

Conclusions

Dietary load of methionine has
been shown to elevate plasma levels
of t-Hcy in mice. This HHcy
contributes to the early stage of
atherosclerosis which was confirmed
by increased expression of VCAM-1.

Plasma levels of t-Hcy might be a
marker for atherosclerotic lesion in
major arterial locations. Folic acid
intake at levels in dietary supplements
provides better protective effect of
HHcy — induced atherosclerosis than
its role as a treatment.

Our available data strongly suggest a
benefit of folate supplementation in
lowering cardiovascular diseases.
Recommendations:

Increased folate intake (a diet rich
in vegetables and citrus fruit) is highly
recommended in old age persons,
hypertensive patients and people with
high risk of atherosclerosis.

The potential role of oral folic
acid therapy as a novel, safe and
inexpensive tool to reduce
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cardiovascular risk should be further
explored in other future studies.
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