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Abstract

Oxidative stress (OS) is an unhealthy condition that results from the imbalance between the production of
reactive oxygen species (ROS) and the rate of their elimination through the anti-oxidant defence mechanisms. This
condition is a part of the pathogenesis of many disease conditions. In this paper, the development of OS in
homocysteinemia is highlighted, where some light is shed on the mechanism of the increased ROS production and
the potential protective strategy in the clinical practice.
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Introduction
Oxidative stress (OS) is a condition that is characterized by the lack

of balance between the reactive oxygen species (ROS) and the anti-
oxidant cellular defense mechanisms [1]. OS is one of the most
harmful situations in the human body, which is incorporated in many
diseases, such as DNA damage, cancer, heart diseases, and stroke [2].

The Molecular Hazards of ROS could be Summarized
in the Following:

Lipid peroxidation
Peroxidation of the lipids of the cellular membranes can result in the

loss of membrane fluidity and elasticity, which destroys the membrane
functions and may lead to cellular death. The direct products of lipid
peroxidation, such as malondialdehyde (MDA), isoprostanes, and 4-
hydroxynonenal play an important role in the development of various
diseases.

Malondialdehyde is a reactive carbonyl compound known to be a
mutagenic and carcinogenic compound [3]. Isoprostanes are
prostaglandin-like substances produced by free radical-induced
peroxidation of arachidonic acid. The increase in F2-isoprostane is
incorporated in the development of asthma [4], Alzheimer’s disease
[5], scleroderma [6] and hepatic cirrhosis [7].

Protein damage
Protein oxidation consequences can include protein fragmentation

and the formation of protein-protein cross-linkages, as well as the
alteration of the physiological conformation, which results in the
alteration of the functions. Oxidation of protein side chains produces
high levels of protein carbonyl (CO) groups that may participate in the
pathogenesis of rheumatoid arthritis, Alzheimer’s disease, diabetes,
sepsis and chronic renal failure [8].

DNA damage
Oxidative DNA injury can result in base alteration and or gene

expression changes [9].

Homocysteinemia
Homocysteine (Hcy) is a synthetic amino acid not present in the

diet, but formed by the conversion of methionine to cysteine.
Hyperhomocysteinemia causes endothelial dysfunction, which renders
it an independent risk factor for the development of cardiovascular
diseases. Hcy may increase the production of thrombin by the
endothelial cells, which activates protease-activated receptors (PARs)
that belong to the G protein-coupled receptor family and include
PAR-1, PAR-2, PAR-3, and PAR-4. The PARs are expressed in the
endothelial cells, where their activation increases the production of
ROS and NADPH oxidase, while decreasing the production of
thioredoxin. Thus, hyperhomocysteinemia can lead to OS and the
accumulation of asymmetric dimethylarginine (ADMA), which is an
endogenous NOS inhibitor, opposing the activity of endothelial NOS
(eNOS), and impairing NO signaling [10].

Role of Folic Acid and the Vitamins B6 and B12
Folic acid is important for the treatment of homocysteinemia

because it is important for the cellular production of tetrahydrofolate
(THF), which is a precursor of 5-methyl-THF that is essential for the
normal methionine synthase enzyme activity. Vitamin B12 is an
essential cofactor that is also required for the normal methionine
synthase activity. Vitamin B6 is required for the conversion of
homocysteine to cystathionine by cystathionine β-synthase (CBS).
Supplementation with vitamin B6 decreases the thromboembolic
events associated with hyperhomocysteinemia (Figure 1) [11].
Recently, an additional advantage of vitamin B6 during
hyperhomocysteinemia has been revealed, where the vitamin plays a
significant role in the management of hyperhomocysteinemia-induced
OS. The provisional mechanism seems to be related to the distribution
of glutathione to vital organs, such as the liver [12].
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Figure 1: The homocysteine metabolic cycle.

A Clinical Remark
While the vitamin therapy in hyperhomocysteinemia is inevitable,

the vitamin supplementation should be carefully controlled, so that,
the levels of the vitamins are kept within the guideline levels, and the
toxicity is avoided. In the case of homocysteinemia, the patient is at
risk of the development of peripheral neuropathy due to many factors.
At first, the elevated plasma level of homocysteine has the ability to
induce peripheral neuropathy, where the sensory manifestations
predominate [13]. Secondly, any associated deficiency of folic acid,
vitamin B12 and or vitamin B6 would act synergistically to worsen the
condition. Thirdly, as the vitamin supplementation is an integral part
of the therapy plan, the patients are usually advised to utilize one tablet
that contains a mixture of the vitamins, in order to improve the
patient's compliance to therapy. This carries the risk of keeping certain
vitamins within the normal levels, while increasing others to higher
levels. The therapy with a tablet, containing a mixture of vitamin B6,
B12 and folic acid, may be associated with normal levels of folic acid
and vitamin B12, but increased level of vitamin B6, which, similar to
its deficiency, can lead to peripheral neuropathy [14]. Accordingly, the
use of separated supplementation of the vitamins, together with the
frequent measurement of their blood levels, should be recommended,
in order to provide the controlled requirements that keep the vitamins
within the normal and or therapeutic guideline levels.
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