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Abstract

Homocysteine; a homologue of the amino
acid cysteine is a non-proteinogenic sulphur-
containing amino acid. Elevated levels of plasma
homocysteine has been reported in PD patients
undertaking a treatment of L-DOPA (L-3,4-
dihydroxyphenylalanine). The methylation of L-
DOPA by catechol-o-methyl transferase is
reported as the leading cause of the elevated
homocysteine levels in blood plasma in PD
patients. The hypothesized mechanisms of
neuronal damage by hypehomocystemia appear to
be multiple and often overlapping. Reports from
various authors has given a conclusion that
nervous system might be particularly sensitive to
extracellular homocysteine due to its excitotoxic
properties.
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I. INTRODUCTION

Homocysteine; a homologue of the amino acid cysteine is a non-proteinogenic
sulphur-containing amino acid. It is a natural byproduct of one-carbon metabolism like the
methionine metabolism (Bonetti et al, 2016 & Nuru et al, 2018). Hcy is acted upon by the
cofactors like vitamin B12 and and folate and is coverted into methionine. Similarly,
methionine can be converted to homocysteine too (Bo Young et al, 2022). Hcy is not present
in the diet but high methionine in our diet can lead to hyperhomocystemia as a result of the
metabolism (Nuru et al, 2018). Elevated levels of plasma homocysteine has been reported in
PD patients undertaking a treatment of L-DOPA(L-3,4-dihydroxyphenylalanine). The
methylation of L-DOPA by catechol-o-methyl transferase is reported as the leading cause of
the elevated homocysteine levels in blood plasma in PD patients (N. Bhattacharjee et al,
2016). Hyperhomocystemia have been reported to be one of the major cause of several
diseases like bone metabolism derangements, cancer, thrombosis and neurodegeneration
(Ansari et al, 2014). Homocysteine may also produce oxidative damage to enzyme proteins
through the peroxides it creates during its metabolism (Olszewski et al, 1993). PD like
symptoms are reported in many studies due to hypehomocystemia and a tryst have already
developed to establish a new HCY induced Parkinson model.

Il. BIOSYNTHESIS OF HOMOCYSTEINE

Homocysteine is a nonproteogenic sulfurated amino acid derived from the methionine
rich diet one intakes. Homocysteine is not a direct component of the diet, but it is an
intermediate in methionine metabolism. Each compound, methionine or homocysteine, is
actually the precursor molecule for the other (Nuru et al; 2018). Some reports have stated
homocysteine as the intersection of two pathways: remethylation to methionine, which is
depenedent on folate and vitamin B12 (or betaine in an alternative reaction); and
transsulfuration to cystathionine, which is pyridoxal-50 phosphate dependent (Bhatia et al,
2015). In the remethylation pathway, homocysteine takes up a methyl group from N-5-
methyltetrahydrofolate thus forming methionine. A similar reaction with betaine as the
methyl group donor has been discovered lately. The reaction with N-5-methyltetrahydrofolate
can occur in most of the mammalian tissues and is highly dependent on vitamin B12, whereas
the reaction with betaine is mainly found in the liver tissues and is not dependent on the
levels of vitamin B12 (J. Selhub, 1999). SAM (S-adenosylmethionine) serves primarily as a
universal methyl donor to a variety of acceptors. It is formed by the activation of methionine
by ATP. S-adenosyl homocysteine (SAH), the by-product of these methylation reactions, is
subsequently hydrolyzed to regenerate homocysteine. Another pathway of Homocysteine
metabolism is the trans-sulfuration to cysteine with the help of the enzyme’s cystathionine-b-
synthase and cystathionine-c-lyase and vitamin B6 as a cofactor as the cofactors. In this
pathway, the homocysteine conjugates with serine forming the cystathionine. This occurs
through an irreversible reaction which catalyzed by cystathionine B-synthase. Cystathionine
is later hydrolyzed by y -cystathionase to form cysteine and o-ketobutyrate (Mudd SH et al,
1980). The Excess cysteine maybe oxidized to taurine or excreted through the urine. Thus, in
addition to the synthesis of cysteine, this pathway catabolizes the excess homocysteine not
required for methyl transfer (Obeid R. et al; 2006). The SAM acts as one of the allosteric
inhibitor of the enzyme methylenetetrahydrofolate reductase (MTHFR) and as an activator of
the enzyme cystathionine B-synthase. Thus, SAM has the capacity to suppress the synthesis
of N-5-methyltetrahydrofolate required for remethylation and promotes the initial reactions of
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transsulfuration cystathionine synthesis. Therefore, intracellular SAM concentration is an
important determinant of the fate of homocysteine molecules (Van der Put N.M et al; 1998).

1. CAUSES OF HYPERHOMOCYSTEMIA

Hyperhomocystemia can be defined as a condition where the homocysteine levels are
higher than the stipulated levels. The average plasma Hcy level range in human is 5-10 uM.
Above this 16-30 puM results in moderate hyperhomocystemia, 31-100 uM leads to
intermediate hyperhomocystemia and severe hyperhomocysteinemiais caused when the levels
are higher than 100 pM(Hansrani, Gillespie, & Stansby et al; 2006). Homocystinuria are the
resultant metabolic disorders, which actually leads to severe HHcy condition because of
cystathionine- - synthase (CBS) deficiency (Ganguly & Alam, 2015). Apart from this the
absence of folic acid, vitamin B6, vitamin B12, and genetic mutation in
methylenetetrahydrofolate reductase (MTHFR), methionine synthase (MS), CBS, and
cystathionine- y- lyase (CSE) are also responsible for the increase in the Hcy level (Kamat et
al., 2014).

1. Dietary regulation of homocysteine: Excessive consumption of methionine-rich foods
like nuts, beef, lamb, cheese, turkey, pork, fish, shellfish, soy, eggs, dairy, and beans
exceeds the daily intake of required methionie i.e 56 grams for male and 46 grams for
female. Remethylation to methionine from homocysteine requires folate. So, lower intake
of folate and vitamins like vit D and higher intake of methionine in diet is a major factor
for the elevated homocysteine levels in our body (Hainsworth et al; 2016 & Debreceni b.
et al; 2014).The increase in methionine intake increases the homocysteine levels in serum
e. Remethylation to methionine from homocysteine requires folate. So, lower intake of
folate and vitamins like vit D and higher intake of methionine in diet is a major factor for
the elevated homocysteine levels in our body (Hainsworth et al; 2016 & Debreceni b. et
al; 2014).

2. Biosynthetic regulation of homocysteine levels: The levels of SAM synthetase (S-
adenosyl-methionine synthetase) and AHCY ( S-adenosyl-homocysteine hydrolase)
regulates the homocysteine levels of our body. S-adenosylmethionine (SAM) is a
universal methyl donor obtained by the methylation by S-adenosyl-methionine synthetase
and then demethylated to S-adenosylhomocysteine (SAH). The demethylated SAH finally
transformed to Hcy by AHCY (Brattstrom L. et al; 1994). Thus, higher the levels of SAM
synthetase and AHCY higher wil be homocysteine levels. Excess of betaine-
homocysteine methyltransferase, cystathionine B-synthase — CBS and cystathionine y-
lyase will lead to decreased homocysteine levels. Homocysteine has two pathway i.e it
can remethylated to Met or it can be trans-sulfurated to cysteine (Ostrakhovitch EA. et al,
2015). The levels of s-adenosylmethionine synthetase and s-adenosylhomocyteine
hydrolase are directly proportional to the homocysteine levels and the enzymes like
betaine-homocysteine methyltransferase and CBS are inversely proportional to the
homocysteine levels (Chiku et al;2009). Other enzymes like the MTHFR (5,10-
Methylenetetrahydrofolate reductase) and MARS or AARS, methionyl-tRNA synthase
regulates the homocysteine levels too (Natalie C. Chen et al; 2010).

3. Fluctuations in homocysteine levels due to concomitant diseases: Patients with renal
failure have been reported to have high levels of homocysteine. Although the exact
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regulatory connection is not yet understood , but it has been reported that diseases like
renal failure, gastric atrophy and inflammatory bowel disease increases the levels of
homocysteine. Some authors reported that the Hcy metabolic capability is enhanced in
both Type 1 and Type 2 diabetes in preclinical models probably due to a major kidney
metabolic contribution (via increased trans-sulfuration pathway activity in both and in the
second one probably betaine-Hcy methyltransferase too) (Van Guldener C; 2016).

4. Genetic regulation of homocysteine levels: Genetic alteration results in decreased
expression of Hcy metabolizing enzymes, viz. CBS, MTHFR, and methionine synthase
(MS), leads to hyperhomocysteinemia. MTHFR is the rate-limiting enzyme in the methyl
cycle of homocysteine metabolism and it is encoded by the MTHFR gene (Lea R. et al;
2009). High homocysteine level has been reported in individuals with MTHFR C677T
genotype as compared to the normal MTHFR C677C genotype (Goyette P. et al; 1994).
The MTHFR C677T gene mutation results in a valine instead of an alanine. A second
polymorphism that seems to have sufficient impact on enzyme activity to have possible
clinical relevance is A1298C resulting in an alanine instead of a glutamate (Wu YL et al;
2013).

5. Effects of hyperhomocystemia: Hyperhomocysteinemia is associated with a wide range
of clinical manifestations, mostly affecting the central nervous system (e.g., mental
retardation, cerebral atrophy and epileptic seizures). Apart from all these
hyperhomocysteinemia can be linked with an increased risk for atherosclerotic and
thrombotic vascular diseases (Temple ME et al;2000). The most reported mechanism
regarding pathogenesis of hyperhomocystemia is related to the oxidative stress.

IV. EFFECT OF HOMOCYSTEINE ON NEURODEGENERATION

The hypothesized mechanisms of neuronal damage by hypehomocystemia appear to
be multiple and often overlapping. Results of numerous authors lead to a conclusion that
nervous system might be particularly sensitive to extracellular homocysteine due to its
excitotoxic properties (Thompson GA et al; 1996). The excitotoxic properties of
homocysteine and its derivatives stimulates a subtype of glutamate receptor-NMDA receptors
which acts as an antagonist and damages the neuronal DNA. This increases the susceptibility
to apoptotic cell death (Kruman 1l et al; 2000). according to Sharma M et al 2015 there are
some other factors or mechanisms through which hyperhomocystemia can lead to the
neurodegenerative diseases. Those factors can be cited as Oxidative stress, mitochondrial
ETS impairment, lipid peroxidation, thrombosis, amyloid-beta (AP) deposition and
predisposition of N-homocysteinylated proteins epigenetic modifications
Hyperhomocystemia is reported to increase the brain permeability. It is linked to increased
MMP-9 and MMP-2 activity and the suppressed tissue inhibitors of metalloproteinase
(TIMPs) (Yong VW et al; 2001). These in turn leads to the degradation of extracellular
matrix (ECM). Eventually the blood-brain-barrier is destroyed.

1. Homocysteine on age-related disorders: Alzheimer’s disease (AD) is the most common
neurodegenerative pathology that is responsible for significant mortality (Carly
Oboudiyat et al; 2013). Age is one of the strong factors for Alzheimer’s disease
(Plassman BL et al; 2010). The experiments all over the world indicates that oxidative
stress plays a key role in Alzheimer's disease pathophysiology. The oxidative stress leads
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to B-amyloid cleavage which results in neuroinflammation. As reported by Chai et
al. elevated levels Hey induces AP peptide accumulation. AB-peptides originates from the
cleavage of precursor protein (APP) by the enzyme secretases. Clearance of those
peptides actually triggers neurodegeneration (Hardy J et al; 2002). In AD and also results
in the increase of AD-like tau hyperphosphorylation (PK Kamat et al; 2017). Some
authors reported that administration of L-methionine in rodents produces a significant
degree of VaD. Others have stated that intracerebral Hcy injections in rodent brains can
produce AD like symptoms. Some reports have stated a transgenic mouse model of CBS
(Cystathione-P synthase) induces HHcy leading to AP toxicity (PK Kamat et al; 2017).
And this mechanism links Homocysteine to AB induced hippocampal neurotoxicity which
is a potential source of neurodegenerative disease like alzheimer’s disease. PD is the
second most prevalent progressive neurodegenerative disorder after alzheimer’s (Payam
Saadat et al; 2018). Aging increases homocysteine levels and this seems to be related to
the mild cognitive impairment associated to PD (lIrizarry MC et al; 2005). According to
the reports of B. Kocer et al; 2016 the folate and B12 deficiency in our diets with
increasing levels of homocysteine leads to the atrophy of the neurons in the hippocampal
regions with disruptions of cognitive processes. Some laboratories working on PD across
the world have published that the levels of homocysteine is higher in the cerebrospinal
fluids of the PD patients (C Isobe et al; 2005). There are reports suggesting the damage of
MPTP-dependent (1-methyl,4-phenyl-1,2,5, and 6 tetrahydropyridine) dopaminergic cells
by hyperhomocystemia (Suilleabhain et al; 2006 & Nivedita Bhattacharjee et al; 2016).
The studies of Nivedita Bhattacharjee et al were directed towards the involvement of
oxidative stress as a mechanism for the Hcy-induced dopaminergic neurotoxicity in mice.
The complete experiment was designed to study the long-term effect of Hcy treatment on
the motor behavioral activities in murine models, striatal dopamine levels and
nigrostriatal levels of enzymatic (SOD, superoxide dismutase and catalase) as well as
non-enzymatic (reduced glutathione) as the parameters of oxidative stress. The study
suggested that long term administration of i.p injections of Hcy in mice might lead to
motor behavioral deficits similar to PD. Moreover, homocysteine laeds to depletion of
striatal dopamine and decreasing activity of nigral mitochondrial complex-1 (Nivedita
Bhattacharjee et al; 2016).

2. Homocysteine on learning: Many studies have reported that in acute homocysteine
treatment the BDNF levels in the hippocampus of rats are reduced. And BDNFa is
important to life maintenance and the memory processes (Matte C et al; 2009 &
Matsumoto T et al; 2008).

3. Hyperhomocystemia on depression like behavior: Depression is the highest prevalent
reversible neuropsychiatric disorder in the present-day world. Depression is actually a
characteristic name for disinterest in activities, unusual fatigue and difficulty in
concentrating and performing daily life activities due to excessive agitation (Reynolds
E.H; 2013). The human MTHFR gene that is present in the 1p36.3 region of chromosome
is responsible for the catalysis of (NADPH)-dependent 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate (Liu A. et al; 2010). The MTHFR gene mutation thus prevents
the re-methylation of homocysteinen to methionine (Miller A.L. et al; 2008) . This leads
to deficiency in folate and an increased level of homocysteine. And this results in various
phenomenon that leads to the progression of the neurodegenerative diseases such as
depression. According to some reports the molecular mechanism of depression might be
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linked to DNA damage due to hyperhomocystemia and hypomethylation which in turn
can lead to the death of neuronal cells (Narayan S.K. et al; 2014).

4. Homocysteine on other diseases: Hyperhomocystemia have been related to many
inflammatory defects. The most direct effect of homocysteine levels is seen on the
neurodegeneration as it acts as a neurotransmitter. It acts an agonist on the glutamate
receptors (NMDA subtype) (Carmel R M et al; 2014). Apart from this homocysteine level
alterations can cause CVD. CVD; cardiovascular diseases entirely comprises of the
defects of heart and blood vessels (Mangge H et al; 2014). There are many factors that
contributes to cardio vascular diseases but homocystemia have been stated as one of the
major causes related to it (Shenoy V et al; 2014). A 40- fold increase of homocysteine can
lead to a sudden infarctory stroke in adults of even less than 30 years. Reports by
Ganguly et al; 2015 suggested that MTHFR mutations might lead to a pre-mature
cardiovascular disease. Homocysteine mediated cardiovascular diseases might occur
through several mechanisms. Some of the most studied mechanisms include- increased
proliferation of smooth muscle cells of the vascular region, endothelial dysfunction,
increased synthesis of collagen proteins which deteriorates the wall plasticity of the
circulatory vessels(Zhang et al; 2000). Hyperhomocystemia have been related to kidney
pathogenesis in many reports too. Kidney functions as one of the main sites of
homocysteine metabolism and so high levels of accumulated homocysteine leads to
severe chronic kidney diseases (J.D. House et al; 1998). Homocysteine accumulation
leads to oxidative stress in the kidney, which antagonizes the vasodilator properties of
nitric oxide through S-nitroso Hcy-formation. Homocysteine also decreases the SOD
levels. This in turn leads to glomerulosclerosis and hemodynamic kidney dysfunction
which changes the podocytes. Many other inflammatory diseases are linked to the
hyperhomocystemia.

V. POSSIBILITY OF AHOMOCYSTEINE INDUCED PARKINSONIAN MODEL

Parkinson disease is a highly prevalent age-related neurological disorder after the
Alzheimer’s disease. The mechanism of neurodegeneration in Parkinson’s disease (PD)
remains elusive till now but many evidences have suggested that inflammation-derived
oxidative stress plays a major role in the neurodegenerative pathway (Hirsch EC et al; 2009).
Some researchers suggest that the loss of dopaminergic neurons in the substantia nigra and
degeneration of pars compacta are hallmarks of the PD pathology. Apart from these the lewy
bodies found in the brain is another specific hallmark of the degenerations concerning
parkinsonian disorder. Some behavioral symptoms present in Parkinson disease are
bradykinesia (akinesia in mice), rigidity and resting tremor (R.M. Camicioli et al; 2009).
Thus, dopamine replacement therapy is used as a treatment to alleviate the motor symptoms
of PD (Rajib Paul et al; 2016). Cognitive dysfunction and dementia are common outcomes in
PD. Several studies have reported elevated Hcy levels in the plasma of PD patients compared
to the healthy individuals (G. Gorgone et al; 2012). So, L-DOPA the precursor molecule of
dopamine has been used as a treatment for ameliorating the PD like symptoms all over the
world. But Levodopa termed as the gold-standard drug of PD across the world is known to
increase blood homocysteine levels in PD patients (H.J. Kim et al; 2017). L-DOPA-induced
elevated level of homocysteine is also evident in cerebrospinal fluid and in the nervous
tissues of the brain (Joakim M. Tedroff; 1992). So, the present review has been written to

Copyright © 2022 Authors Page | 202



Futuristic Trends in Agriculture Engineering & Food Science

e-1SBN: 978-93-5747-583-9

1P Proceedings, Volume 2, Book 10, Part 3, Chapter 6

ADVANTAGES OF HOMOCYSTEINE INDUCED PARKINSON MODEL

study if a Parkinsonian murine model for study can be developed by administering
homocysteine consecutively for a long term like 30 days or 60 days.

1.

Effect of homocysteine administration on the hallmarks of a parkinsonian model:
Effect of chronic homocysteine exposure on the behavior of mice models Various reports
have claimed that administration of homocysteine in rats and mice causes notable motor
behavioral changes (Eun-Sook Y. Lee et al; 2004). Nivedita et al have reported their
findings that high doses of homocysteine(250mg/kg) for a period of 60 days have made
mice highly akinetic in comparison to the controls. Apart from akinesia, catalepsy was
also profoundly studied and was found that the mice showed cataleptic behavior even at
lower doses when administered for long term (Nivedita et al; 2016). Other behavioral
parameters have also shown changes as an effect of hyperhomocystemia such as learning
and depression. Thus, long term homocysteine exposure shows behavioral deficits similar
to the parkinsonian pathology.

Effect of chronic homocysteine exposure on dopamine levels: Homocysteine was
reported to decrease the dopamine turnover upto 70% in the nigro-striatal regions of the
brain. No such specific changes have been found in the hippocampal and cortex regions
of the rat brain (Mattson et al; 2003). With the prolonged systemic administration of
homocysteine at a high dose like 250g/kg there has been high depletion of dopamine
levels. The striatal dopamine was reported to be decreased by 21% on the systemic
administration of homocysteine on murine models (Nivedita et al; 2016). Thus,
homocysteine administration shows similar dopamine depletion as it is found in the
already established parkinsonian models. Although the exact molecular mechanism of
depletion dopamine containing neurons in PD is not known clearly, however, oxidative
stress has been postulated as one of the major factors. Similarly, homocysteine also
depletes the dopamine levels through the elevation of oxidative stress.

Effect of homocysteine on the mitochondrial complexes: Mitochondrial dysfunction is
one of the vital factors of various diseases in humans due to their important roles in
cellular metabolism (Shigenaga et al; 1993). Some studies showed that homocysteine
increases the mitochondrial pSTAT3 and also the oxidative stress in the cells. Such
results have thrown a light in the darkest directions and indicated that oxidative stress and
the overactivation of the mitochondrial STAT3 plays the main role in homocysteine
induced mitochondrial injury in the hippocampal and the cortical regions of the brain
(Shuang Chen et al; 2017). A significant decrease in the mitochondrial complex | activity
is reported with the administration of homocysteine at higher levels (Nivedita et al; 2016).

Effect of homocysteine on achetylcholine levels of the brain: Hyperhomocysteinemia
is associated with impaired acetylcholine levels in the brain. There has been a
contradiction regarding the acetylcholinesterase activity regarding the effect on
homocystemia. Many reports have suggested that acetylcholinesterase activity is
increased on hyperhomocystemia (Renee M. Smith et al; 2019).

Future perspective: Models of parkinsonian or hemiparkinsonian disorders can be
established with the systemic administration of pure homocysteine for a certain period of
time. Shorter time points than the already studied 60 days’ time periods can be done. This
could be a better alternative than using the already established MPTP model as usage of
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less harmful chemicals are safe for researchers and due to its prolonged deposition due to
a longer half-life this is more stable too.

REFERENCES

[1] Ames, B.N., Shigenaga, M.K., Hagen, T.M., 1993. Oxidants, antioxidants, and the degenerative
diseases of aging; Proc. Natl. Acad. Sci. U. S. A.

[2] Andrzej J. Olszewski and Kilmer S. McCully; Homocysteine Metabolism and The Oxidative
Modification of Proteins and Lipids; Hypothesis Paper; 1993.

[3] Ansari, R.; Mahta, A.; Mallack, E.; Luo, J.J; Hyperhomocysteinemia and neurologic disorders:
A review; J. Clin. Neurol; 2014

[4] B. Kocer, H. Guven, I. Conkbayir, S. S. Comoglu, and S. Delibas, “The effect of
hyperhomocysteinemia on motor symptoms, cognitive status, and vascular risk in patients with
Parkinson’s disease,” Parkinson’s Disease, vol. 2016, pp. 1-7.

[5] Brattstrom, L.; Lindgren, A.; Israelsson, B.; Andersson, A.; Hultberg, B. Homocysteine and
cysteine: Determinants of plasma levels in middle-aged and elderly subjects. J. Intern.
Med. 1994, 236, 633-641

[6] Brenda L. Plassman; John W. Williams; James Burke Tracey Holsinger;. Sophiya Benjamin;
Preventing Alzheimer’s Disease and Cognitive Decline; Evidence Report/Technology
Assessment; 2010.

[7] Campbell, R.M., Tummino, P.J; Cancer epigenetics drug discovery and development: the
challenge of hitting the mark; J. Clin. Invest 2003; 124, 6469

[8] Carly Oboudiyat, Hilary Glazer, Alon Seifan, Christine Greer, Richard S Isaacson; Alzheimer's
disease; Semin Neurol ; 2013

[9] C. Isobe, T. Murata, C. Sato, and Y. Terayama, “Increase of total homocysteine concentration
in cerebrospinal fluid in patients with Alzheimer’s disease and Parkinson’s disease,” Life
Sciences, vol. 77, no. 15, pp. 1836-1843, 2005

[10] Chung, Bo Young, et al. "Relationships of Serum Homocysteine, Vitamin B12, and Folic Acid
Levels with Papulopustular Rosacea Severity: A Case-Control Study." BioMed Research
International, 2022.

[11] Debreceni, B.; Debreceni, L. The role of homocysteine-lowering B-vitamins in the primary
prevention of cardiovascular disease. Cardiovasc. Ther. 2014, 3, 130-138

[12] Elena A. Ostrakhovitchl, Siamak Tabibzadeh; Homocysteine in Chronic Kidney
Disease; Advances in Clinical Chemistry, Volume 72

[13] Eun-Sook Y. Lee, Hongtao Chen, Karam F.A. Soliman, Clivel G. Charlton; Effects of
Homocysteine on the Dopaminergic System and Behavior in Rodents; NeuroToxicology, 26
(2005) 361-371

[14] Ganguly P. & Alam S. F. (2015). Role of homocysteine in the development of cardiovascular
disease; Nutrition Journal, 14, 6.

[15] Gorgone G., Curro, M., Ferlazzo, N., Parisi, G., Parnetti, L., Belcastro, V., et al; Coeenzyme
Q10, hyperhomocysteinemia and MTHFR C677T polymorphism in levodopa-treated
Parkinson’s disease patients; Neuromolecular Med; 2012.

[16] Goyette P., Sumner J.S., Milos R. Human methylenetetrahydrofolate reductase: isolation of
cDNA, mapping and mutation identification. Nat. Genet. (1994) 7195-200.

[17] Hainsworth AH, Yeo NE, Weekman EM, Wilcock DM; Homocysteine, hyperhomocysteinemia
and vascular contributions to cognitive impairment and dementia (VCID); Biochim Biophys
Acta 2016.

[18] Hansrani M, Oates C, Stansby G: A prospective patient observational study of the role of
hyperhomocysteinemia in restenosis in patients undergoing infrainguinal angioplasty or bypass
procedures. Int Angiol 2006

[19] Hardy, J., and Selkoe, D. J.; The amyloid hypothesis of Alzheimer’s disease: progress and
problems on the road to therapeutics. Science 297, 353-356; 2002.

Copyright © 2022 Authors Page | 204



[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

Futuristic Trends in Agriculture Engineering & Food Science

e-1SBN: 978-93-5747-583-9

1P Proceedings, Volume 2, Book 10, Part 3, Chapter 6

ADVANTAGES OF HOMOCYSTEINE INDUCED PARKINSON MODEL

Harald Mangge, Kathrin Becker, Dietmar Fuchs, Johanna M Gostner; Antioxidants,
inflammation and cardiovascular disease; World J Cardiol; 2014 Jun 26

Hirsch, E.C.; Hunot, S; Neuroinflammation in Parkinson’s disease: A target for
neuroprotection? Lancet Neurol; 2009

House JD, Brosnan ME, Brosnan JT; Renal uptake and excretion of homocysteine in rats with
acute hyperhomocysteinemia; Kidney Int. 1998 Nov 1

Irizarry MC, Gurol ME, Raju S, et al. Association of homocysteine with plasma amyloid beta
protein in aging and neurodegenerative disease. Neurology. 2005

Jongkyu Park, Younsoo Kim, Jinyoung Youn, Phil H Lee, Young H Sohn, Seoung B Koh, Jee-
Young Lee, Jong S Baik, Jin W Cho; Levodopa dose maintenance or reduction in patients with
Parkinson's disease transitioning to levodopa/carbidopa/entacapone; Neurology India; 2017.

J. Tedroff, S.-M. Aquilonius, P. Hartvig, Eva Bredberg, P. Bjurling, B. Langstrom; Cerebral
uptake and utilization of therapeutic [$-11C]-L-DOPA in Parkinson's disease measured by
positron emission tomography. Relations to motor response; Neurologica; 1992.

Kruman 11, Culmsee C, Chan SL, Kruman Y, Guo Z, Penix L, Mattson MP; Homocysteine
elicits a DNA damage response in neurons that promotes apoptosis and hypersensitivity to
excitotoxicity; J Neurosci; 2000

Lea R., Colson N., Quinlan S. et al; The effects of vitamin supplementation and MTHFR
(C677T) genotype on homocysteine-lowering and migraine disability; Pharmacogenet.
Genomics (2009) 19 422-428

Liu A., Menon S., Colson N.J. et al; Analysis of the MTHFR C677T variant with migraine
phenotype; BMC Res. Notes (2010) 3 213.

Matte C, Stefanello FM, Mackedanz V, Pederzolli CD, Lamers ML, Dutra-Filho CS;
Homocysteine induces oxidative stress, inflammatory infiltration, fibrosis and reduces
glycogen/glycoprotein content in liver of rat; Int J Dev Neurosci. 2009

Mattson MP, Shea TB; Folate and homocysteine metabolism in neural plasticity and
neurodegenerative disorders; Trends Neurosci 2003;26:137-46

Meenakshi Sharma, Manisha Tiwari, Rakesh Kumar Tiwari; Hyperhomocysteinemia: Impact on
Neurodegenerative Diseases; Basic & Clinical Pharmacology & Toxicology; 2015.

Miller JW, Shukitt-Hale B, Villalobos-Molina R, Nadeau MR, Selhub J, Joseph JA. Effect of L-
dopa and the catechol-Omethyltransferase inhibitor Ro 41-0960 on sulfur amino acid
metabolites in rats. Clin Neuropharmacol 1997; 20:55-66.

Mohammed Nuru, Nino Muradashvili, Anuradha Kalani, David Lominadze, Neetu Tyagi; High
methionine, low folate and low vitamin B6/B12 (HM-LF-LV) diet causes neurodegeneration
and subsequent short-term memory loss; Metabolic Brain Disease; 2018

Mudd SH; Ebert MH; Scriver CR; Labile methyl group balances in the human: the role of
sarcosine; Metabolism;1980

Narayan S.K., Verman A., Kattimani S. et al; Plasma homocysteine levels in depression and
schizophrenia in South Indian Tamilian population; Indian J. Psychiatry (2014) 56.

Natalie C. Chen, Fan Yang, Louis M. Capecci, Ziyu Gu; Andrew |, Schafer; WilliamDurante;
Xiao-Feng Yang and Hong Wang; Regulation of homocysteine metabolism and methylation in
human and mouse tissues; The Faseb Journal; 2010

Nivedita Bhattacharjee, Rajib Paul, Anirudha Giri, Anupom Borah; Chronic exposure of
homocysteine in mice contributes to dopamine loss by enhancing oxidative stress in
nigrostriatum and produces behavioral phenotypes of Parkinson’s disease; Biochemistry and
Biophysics Reports; 2016.

Obeid, R., and Herrmann,W.; Mechanisms of homocysteine neurotoxicity in neurodegenerative
diseases with special reference to dementia; FEBS Lett; (2006) 580, 2994-3005.

Pankaj Bhatia, Nirmal Singh;Homocysteine excess; delineating the possible mechanism of
neurotoxicity and depression; Fundamental & Clinical Pharmacology; 2015.

Payam Saadat, Alijan Ahmadi Ahangar, Seyed Ehsan Samaei , Alireza Firozjaie, Fatemeh
Abbaspour, Sorrayya Khafri and Azam Khoddami; Serum Homocysteine Level in Parkinson’s

Copyright © 2022 Authors Page | 205



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]
[53]

[54]

[55]

[56]

[57]

Futuristic Trends in Agriculture Engineering & Food Science

e-1SBN: 978-93-5747-583-9

1P Proceedings, Volume 2, Book 10, Part 3, Chapter 6

ADVANTAGES OF HOMOCYSTEINE INDUCED PARKINSON MODEL

Disease and Its Association with Duration, Cardinal Manifestation, and Severity of
Disease; Parkinson’s Disease: Volume 2018

P. E. O’Suilleabhain, R. Oberle, C. Bartis, R. B. Dewey, T. Bottiglieri, and R. Diaz-Arrastia,
“Clinical course in Parkinson’s disease with elevated homocysteine,” Parkinsonism and Related
Disorders, vol. 12, no. 2, pp. 103-107, 2006.

P.K. Kamat, J.C. Vacek, A. Kalani and N. Tyagi; Homocysteine Induced Cerebrovascular
Dysfunction: A Link to Alzheimer’s Disease Etiology; The Open Neurology
Journal, 2015, 9, 9-14.

Pradip K. Kamat, Anuradha Kalani, Suresh C. Tyagi, Neetu Tyagi; Hydrogen Sulfide
Epigenetically Attenuates Homocysteine-Induced Mitochondrial Toxicity Mediated Through
NMDA Receptor in Mouse Brain Endothelial (bEnd3) Cells; Journal of Cellular
Physiology; 2000

R. M. Camicioli, T. P. Bouchard, and M. J. Somerville, “Homocysteine is not associated with
global motor or cognitive measures in nondemented older Parkinson's disease
patients,” Movement Disorders, vol. 24, no. 2, pp. 176-182, 20009.

Renee M. Smith, Sudarshan Rai, Peter Kruzliak, Alan Hayes, Anthony Zulli; Putative Nox2
inhibitors worsen homocysteine-induced impaired acetylcholine-mediated relaxation; Nutrition,
Metabolism & Cardiovascular Diseases; (2019) 29

Reynolds E.H.; Methylfolate as adjunctive treatment in depression; Am. J. Psychiatry (2013)
170 560.

Selhub, J.; Jacques, P.F.; Wilson, P.W.; Rush, D.; Rosenberg, I.H. Vitamin status and intake as
primary determinants of homocysteinemia in an elderly population. JAMA 1993, 270, 2693—
2698

Shenoy, V; Mehendale, V; Prabhu, K; Shetty, R; and Rao, P., 2014; Correlation of serum
homocysteine levels with the severity of coronary artery disease; Indian Journal of Clinical
Biochemistry, vol. 29, no. 3, pp. 339-344

Shuang Chen, Zhiping Dong, Yagian Zhao, Na Sai, Xuan Wang, Huan Liu, Guowei Huang &
Xumei Zhang; Homocysteine induces mitochondrial dysfunction involving the crosstalk
between oxidative stress and mitochondrial pSTAT3 in rat ischemic brain; Scientific Reports;
2017.

T. Matsumoto, S. Rauskolb, M. Polack, J. Klose, R. Kolbeck, M. Korte, Y.A. Barde;
Biosynthesis and processing of endogenous BDNF: CNS neurons store and secrete BDNF, not
pro-BDNF; Nat. Neurosc; 11 (2008)

Temple ME, Luzier AB, Kazierad DJ; Homocysteine as a risk factor for atherosclerosis. Ann
Pharmacother 2000;34: 57-65.

Thompson, S.G.; Sharp, S.J. Explaining heterogeneity in meta-analysis: A comparison of
methods. Stat. Med. 1999, 18, 2693-2708

van Guldener C, Stehouwer CD. Hyperhomocysteinemia, vascular pathology, and endothelial
dysfunction; Semin Thromb Hemost 2000; 26:281-290.

Van der Put N.M., Gabreéls F., Stevens E.M., Smeitink J.A., Trijbels F.J., Eskes T.K., van den
Heuvel L.P., Blom H.J. A second common mutation in the methylenetetrahydrofolate reductase
gene: An additional risk factor for neural-tube defects? Am. J. Hum. Genet. 1998

Wu Y, DiMaggio PA, Perlman DH, Zakian VA, Garcia BA; Novel phosphorylation sites in the
S. cerevisiae Cdcl3 protein reveal new targets for telomere length regulation. J Proteome
Res 12(1):316-27

Yong VW, Power C, Forsyth P, Edwards DR; Metalloproteinases in biology and pathology of
the nervous system; Nat Rev Neurosci; 2001

Zhang, X., Li, H., Jin, H., Ebin, Z., Brodsky, S., & Goligorsky, M. S. (2000); Effects of
homocysteine on endothelial nitric oxide production; American Journal of Physiology: Renal
Physiology, 279(4), F671-F678

Copyright © 2022 Authors Page | 206



