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Plasma homocysteine (Hcy) levels may increase in levodopa-treated patients with Parkinson’s disease (PD) as a consequence
of levodopa methylation via catechol-O-methyltransferase (COMT). Results from previous studies that assessed the effect of
COMT inhibitors on levodopa-induced hyperhomocysteinemia are conflicting. We aimed to evaluate the effects of levodopa and
entacapone on plasmaHcy levels. A hundred PD patients were enrolled to the study and divided into three treatment groups (group
I: levodopa and/or dopamine agonists; group II: levodopa, entacapone, and/or a dopamine agonist; and group III: dopamine agonist
alone). We measured the serum B12, folic acid, and Hcy levels in all patients. There were no statistically significant differences
between groups in terms of modified Hoehn and Yahr stages, Unified Parkinson’s Disease Rating Scale II/III, Standardized Mini-
Mental Test scores, and serum vitamin B12 and folic acid levels. Plasmamedian Hcy levels were found above the normal laboratory
values in groups I and II, but they were normal in group III. However, there was no statistically significant difference in plasma Hcy
levels between groups. Our results showed that levodopa treatment may cause a slight increase in the Hcy levels in PD compared
with dopamine agonists and that COMT inhibitors may not have a significant effect on preventing hyperhomocysteinemia.

1. Introduction

High levels of homocysteine (Hcy) are a known risk factor
for vascular diseases and dementia in the general population
[1, 2]. Plasma Hcy levels may increase as a result of genetic
and acquired causes [3]. In terms of the genetic causes, a gene
mutation exists that encodes the methylenetetrahydrofolate
reductase (MTHFR) enzyme and is commonly encountered
in the general population [3]. Plasma Hcy levels can also be
affected by severe metabolic disorders, vitamin B12 and folic
acid deficiency, and the use of vitamins and certain medica-
tions [3].

An increase in plasma Hcy levels has been reported in
Parkinson’s disease (PD) patients who were using levodopa.
Total Hcy concentrations in the cerebrospinal fluid were also
higher following levodopa therapy than before treatment
and than in controls [4]. The catalysis of levodopa with the
catechol-O-methyltransferase (COMT) enzyme results in the
formation of S-adenosylhomocysteine (SAH), which hydrol-
yses to form Hcy [3].

Previous studies have indicated a relationship between
Hcy and DNA damage, apoptosis, excitotoxicity, and oxida-
tive stress, which are of great importance in neurodegenera-
tion [3, 5]. Experimental studies have demonstrated that Hcy
can be neurotoxic and excitotoxic to the substantia nigra. Fur-
thermore, Hcymay be associated with dyskinesia, which is an
indicator of possible neurodegeneration due to the disruption
of the balance of striatal activity [6, 7]. Following in vitro and
in vivo observations on the toxic effects of Hcy on dopamin-
ergic neurons in the substantia nigra, some authors have sug-
gested that hyperhomocysteinemia associated with levodopa
can play a role in the progression of PD and the development
of motor complications. Dyskinesia and motor fluctuations
may be due to the toxic effects of Hcy [7, 8].

COMT inhibitors have beenwidely administrated to con-
trol motor complications such as “wearing off” in treatment
of PD. Evidence of COMT inhibitors decreasing plasma Hcy
levels that have been increased by levodopa in rats has had
a pioneering influence on studies performed with COMT
inhibitors on humans [9]. However, the results of studies
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performed to date have varied. While some studies have
shown that COMT inhibitors can reduce plasma Hcy levels
[10–12], this effect has not been demonstrated in others [13,
14]. Zesiewicz et al. examined 5 studies arising from Europe
and USA and reported that the ability of COMT inhibition
to reduce or prevent hyperhomocysteinemia induced by lev-
odopa in PD patients may be attributed to differences in the
vitamin status of the study participants. In addition, authors
also indicated that, in patients with low or low-normal folic
acid levels, levodopa administration is associated with a
greater increase in Hcy and concomitant entacapone admin-
istration is associated with greater reduction in Hcy [15].

In this study, we evaluated the effects of various treat-
ment options on plasma Hcy levels in idiopathic PD and
investigated whether the addition of entacapone (a COMT
inhibitor) to the treatment contributed to a reduction in
plasma Hcy levels.

2. Methods

2.1. Subjects. For this prospective study, we enrolled one
hundred patients (54 men, 54%) diagnosed with idiopathic
PD according to the UK Parkinson’s Disease Society Brain
BankCriteria [16].The average age of the patientswas 70 years
(range 40–89). Patients with a severe metabolic disorder,
a history of vitamin use, or secondary Parkinsonism were
excluded from the study.

2.2. Study Design and Protocol. We recorded the following
demographic data for all patients: age at disease onset, dura-
tion of disease, treatment regimes, levodopa dosage and dura-
tion of use, and entacapone dosage and duration of use.Then,
we divided patients into three groups according to the type
of treatment received.

Group I consisted of patients treated with levodopa and/
or a dopamine agonist: 15 patients with levodopa alone and 43
patients with levodopa and dopamine agonists (17 pramipex-
ole, 15 ropinirole, and 11 piribedil). The median duration of
dopamine agonist treatment was 4 years (range 1–20).

Group II consisted of patients treated with levodopa,
entacapone, and/or a dopamine agonist: 5 patients with lev-
odopa and entacapone and 25 patients with levodopa, enta-
capone, and dopamine agonists (10 pramipexole, 10 ropini-
role, and 5 piribedil). The median duration of dopamine
agonist treatment was 7 years (range 1–24). Group II patients
were treated with levodopa and entacapone simultaneously
(levodopa-entacapone combined preparation).

Group III consisted of patients treated with a dopamine
agonist alone (6 pramipexole, 4 ropinirole, and 2 piribedil).
The median duration of dopamine agonist treatment was 2.5
years (range 1–12).

In previous studies, the effects of dopamine agonists on
Hcy levels could not be demonstrated despite the fact that
levodopa has been shown to increase plasma Hcy levels [10].
In this regard, we compare the plasma Hcy values of patients
within groups I and II to patients within group III.

We used the “modified Hoehn and Yahr” (mHY) scale
to evaluate the PD stage of each patient and the “Unified
Parkinson’s Disease Rating Scale” (UPDRS) Parts II and III,

performed at the “on” period, to evaluate the severity of dis-
ease symptoms [17, 18]. Global cognitive status was evaluated
using the “Standardized Mini-Mental Test” (SMMT).

For all patients, blood samples were taken from the
peripheral vein and they were pooled into EDTA vacuum
tubes in the morning after 12 hours of fasting and at 12-hour
drug-free periods. Plasma Hcy levels were measured using
the “high performance liquid chromatography with fluores-
cence detection” method according to Vester and Rasmussen
[19]. The normal range for Hcy is considered between 5 and
15 𝜇mol/L [20]; however, evidence from large epidemiological
studies indicates that Hcy levels lower than 15𝜇mol/L are
also associated with higher risk of vascular events [21–23].
Therefore, plasma levels for hyperhomocysteinemia were set
higher than 12𝜇mol/L, although plasma levels of Hcy above
the 20𝜇mol/L are also associated with greater risk.

Serum B12 and folic acid levels were analysed by auto-
mated electrochemiluminescent immunoassay (Elecsys 2010,
Roche Diagnostics, Basel, Switzerland) [24]. Normal values
range from 156 to 698 pg/mL for serum B12 and 3.1 to 17.5 ng/
mL for serum folic acid.

All participants in this study provided informed consent.
The study was carried out according to the Helsinki Declara-
tion and was approved by the institutional ethics committee.

2.3. Statistical Analysis. Statistical analyses were performed
using the SPSS Statistics Program (version 19, IBM, Chicago,
IL). Initially, the normality of variables was studied. Analysis
using theKolmogorov-Smirnov test showed that the distribu-
tion of variables, except for folic acid, was not consistent with
a normal distribution. We used nonparametric tests for the
analysis of variables that were inconsistent with a normal dis-
tribution and parametric tests for the analysis of variables that
were consistent with a normal distribution. The Chi-square
test was used to study gender-related differences. The Mann-
Whitney 𝑈 test was used to analyse differences between
subgroups ofmale/female populations with respect to plasma
Hcy levels.

3. Results

Demographic data, clinical characteristics, and serum vita-
min B12, folic acid, and Hcy levels are shown in Table 1.

We found statistically significant differences between
treatment groups regarding age, disease duration, and age
at disease onset (p = 0.04, p = 0.01, and p = 0.002, resp.).
Specifically, group II patients (levodopa, entacapone, and/or
dopamine agonist) were younger than group I patients
(levodopa and/or dopamine agonist). Furthermore, while the
disease duration was significantly longer in group II than in
group III patients (dopamine agonist only), the age at disease
onset was significantly lower in group II than that in both
group I and group III patients. There were no differences
between groups in terms of mHY stages, UPDRS Part II/III
scores, and SMMT scores (Table 2).

Additionally, there were no statistically significant dif-
ferences in serum B12 and folic acid levels between groups.
While plasma median Hcy levels were above normal labo-
ratory values (14 𝜇mol/L) in group I and II patients, they
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Table 1: Demographic data, clinical characteristics, and serum
vitamin B12, folic acid, and homocysteine levels of patients∗.

(𝑛 = 100)
Age (years) 70 (40–89)
Male/female 54 (54%)/46 (46%)
Duration of PD (years) 5 (1–24)
Age of onset (years) 65 (32–86)
UPDRS II score 10 (2–36)
UPDRS III score 15 (6–43)
mHY stage 2 (1–5)
SMMT score 24 (10–30)
Hcy (𝜇mol/L) 14.45 (5.18–54.3)
Vitamin B12 (pg/mL) 263.5 (58–990)
Folic acid (ng/mL) 9.29 ± 3.44
∗Data reported as median (minimum–maximum) except folic acid values.
Folic acid values reported as mean ± SD.
PD: Parkinson’s disease; UPDRS: Unified Parkinson’s Disease Rating Scale;
mHY: modified Hoehn and Yahr staging scale; SMMT: Standardized Mini-
Mental Test; Hcy: homocysteine.

were normal in group III patients. However, there was
no statistically significant difference in plasma Hcy levels
between groups. Similarly, there was no statistically signifi-
cant difference between group I and II patients in terms of
the treatment dosages and duration of levodopa (Table 2).

We found plasma Hcy levels were statistically higher in
men for all patients (𝑝 = 0.001). Intragroup plasmaHcy levels
of male/female patients were also compared and there was no
statistically significant difference between group I and group
II; group I and group III; and group II and group III regarding
plasma Hcy levels among men (𝑝 = 0.71, 𝑝 = 0.16, and 𝑝
= 0.62, resp.). Similarly there was no statistically significant
difference between group I and group II; group I and group
III; and group II and group III regarding plasma Hcy levels
among women (𝑝 = 0.69, 𝑝 = 0.58, and 𝑝 = 0.56, resp.). No
relationship was found for serum vitamin B12 and folic acid
levels regarding gender among all patients and treatment
subgroups.

4. Discussion

In our study, we found that there were no differences in
Hcy values between PD patients treated with entacapone
and levodopa and patients treated with levodopa without
entacapone. Our results indicated that COMT inhibitors may
not have an effect on preventing the potential development of
high levels of Hcy due to levodopa.

Hyperhomocysteinemia is a known risk factor for
atherosclerotic vascular diseases and dementia [1, 2] and
may develop from genetic or acquired causes [3]. Genetic
mutations in the C677T allele encoding the MTHFR enzyme
are causes of hyperhomocysteinemia, a condition frequently
encountered in the general population [3]. Acquired causes
include severe metabolic disorders, vitamin B12 and folate
deficiency, and the use of vitamins and certain medications
[3].

In 1995, Allain et al. were the first to determine that
Hcy levels were higher in PD patients than those in healthy
subjects [25]. Following this, Müller et al. showed that the
Hcy levels of patients treated with long-term levodopa were
higher than those in patients who had never used levodopa
[26]. In PD patients, plasma Hcy levels may increase because
of chronic levodopa therapy.The catabolism of levodopawith
the COMT enzyme results in SAH, which rapidly hydrolyses
and eventually forms Hcy [3].

Some studies have shown that the combination of lev-
odopa/decarboxylase inhibitors with the COMT inhibitor
entacapone lowers the levels of Hcy in rats [9]. While experi-
mental studies have shown that COMT inhibitors may lower
Hcy levels, the results of in vivo prospective studies with this
objective have varied.

Valkovič et al. studied three groups of PD patients treated
with the following: (1) levodopa; (2) both levodopa and enta-
capone; and (3) dopamine agonists. The mean plasma Hcy
levels were higher in the levodopa group; in addition, the
levodopa group was more prone to B12 hypovitaminosis
compared with the other groups [10].

Lamberti et al. studied plasma Hcy levels in treatment
groups of levodopa and levodopa-entacapone combination
and found that theHcy levels of both groupswere higher than
those in the control group, but the folate level was lower in the
levodopa group. By statistical analysis, they also found that
the lowerHcy levels of the levodopa-entacapone combination
group compared with the levodopa group were related to the
use of entacapone rather than the effect of folate [11].

In a study performed with four groups of patients (lev-
odopa, levodopa-entacapone combination, dopamine ago-
nist, and control), Zoccolella et al. determined that the
levodopa increased plasma Hcy, while the COMT inhibitors
such as entacapone effectively reduced this increase [12].

Nevrly et al. compared Hcy levels in patients who used
long-term levodopa with Hcy levels in patients who never
used levodopa and started the levodopa-entacapone com-
bined treatment. By week 8, there was no increase in the Hcy
levels of the patients undergoing combined therapy. Based on
this result, they concluded that combination therapy might
protect against increases in Hcy in the early stages of PD [27].

Müller and Muhlack showed that while acute levodopa
treatment increases plasma Hcy, entacapone prevents this
increase. This study highlighted the fact that the effect of
entacapone on the Hcy level was acute and that this should
be taken into consideration in Hcy measurements [28].

However, while some studies suggest that high levels of
Hcy due to levodopa therapy may be prevented with COMT
inhibitors, other studies do not support such findings.

O’Suilleabhain et al. concluded that entacapone had no
effect on plasmaHcy [13]. Following this study, in amulticen-
tre, open-ended study of 169 patients, patients receiving lev-
odopa therapy were switched to levodopa-entacapone ther-
apy for at least 4 weeks.The results revealed that there was no
difference in plasma Hcy levels before and after entacapone
use and that entacapone therapy was ineffective in reducing
plasma Hcy [14].

In a 6-week, randomized, double-blind, placebo-con-
trolled study, Postuma et al. investigated the effect of 1mg of
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Table 2: Demographic data, clinical characteristics, and serum vitamin B12, folic acid, and homocysteine levels of patients with PD according
to treatment groups∗.

Group I
(𝑛 = 58)

Group II
(𝑛 = 30)

Group III
(𝑛 = 12) 𝑝

Age (years) 70 (40–89) 65.5 (42–84) 69.5 (53–77) 0.04†

Male/female 32 (59.3%)/26 (56.5%) 16 (29.6%)/14 (30.4%) 6 (11.1%)/6 (13%) 0.94
Duration of the PD (years) 5 (1–20) 9.5 (1–24) 3 (1–12) 0.01‡

Age of onset (years) 65 (35–86) 57 (32–78) 67 (52–72) 0.002§

UPDRS II score 11 (3–36) 12 (3–26) 8 (2–16) 0.07
UPDRS III score 15 (6–43) 17 (6–35) 14 (6–30) 0.27
mHY stage 2 (1–5) 2 (1–5) 1.5 (1–3) 0.23
SMMT score 24 (10–30) 25 (15–29) 26 (17–28) 0.46
Hcy (𝜇mol/L) 15.1 (6.3–50) 15.2 (5.18–36) 12.6 (7.92–54.3) 0.30
Vitamin B12 (pg/mL) 268.1 (100–662) 262.5 (147.9–990) 295 (58–768) 0.80
Folic acid (ng/mL) 9.38 ± 2.87 8.67 ± 3.67 10.73 ± 5.02 0.26
LD dose (mg/day) 300 (100–1000) 400 (150–1000) (—) 0.30
Duration of LD medication (years) 2.5 (1–20) 5.5 (1–20) (—) 0.27
COMTI dose (mg/day) (—) 800 (400–1400) (—) (—)
Duration of COMTI medication (years) (—) 2 (1–10) (—) (—)
∗Data reported as median (minimum–maximum) except folic acid values. Folic acid values reported as mean ± SD.
†Statistical difference was significant between group I and group II (p < 0.05).
‡Statistical difference was significant between group II and group III (p < 0.05).
§Statistical difference was significant between group II and both of the other groups (p < 0.05).
PD: Parkinson’s disease; UPDRS: Unified Parkinson’s Disease Rating Scale; mHY: modified Hoehn and Yahr staging scale; SMMT: Standardized Mini-Mental
Test; Hcy: homocysteine; LD: levodopa; COMTI: catechol-O-methyl transferase inhibitors.

folate/500mg of vitamin B12 and entacapone on serum Hcy
in 35 PD patients who were receiving levodopa treatment;
entacapone was found to be ineffective compared with
placebo and folate/vitamin B12 was found to be effective in
reversing the levodopa-related hyperhomocysteinemia [29].

Zesiewicz et al. examined the effect of entacapone use
on the elevation of plasma Hcy levels due to levodopa
use in PD in a meta-analysis consisting of studies from
Europe and the USA. The studies by Lamberti, Zoccolella,
and Valkovič showed entacapone use decreased plasma Hcy
levels as a positive outcome, but the studies by Ostrem and
O’Suilleabhain did not. Zesiewicz et al. underlined patients of
three studies showed a decreasing effect of entacapone with
low vitamin levels. On the other hand, patients in Ostrem
and O’Suilleabhain’s study group had normal vitamin levels.
Zesiewicz et al. concluded normal or higher vitamin levels
may help to metabolize Hcy more and the positive outcome
of the European studies could be a result of vitamin levels
instead of COMT inhibition [15].

In our study, while there was no difference in plasma Hcy
levels between levodopa and levodopa-entacapone combi-
nation, Hcy levels were not statistically different in patients
who received dopamine agonist alone compared with other
groups. However, apart from the group III patients receiving
dopamine agonist alone, median Hcy levels in groups I and
II were slightly above normal values. These results suggested
that levodopa therapy might increase Hcy levels but not
significantly; however, concomitant use of entacapone with
levodopa might not reduce Hcy levels. In our study, vitamin

B12 and folic acid values were normal in all the three groups
and there was no difference between groups regarding vita-
min B12 and folic acid values. It is possible that levodopa did
not cause a significant increase in Hcy levels in our patients
because their vitamin levels were normal. As suggested in
other studies, the main cause of hyperhomocysteinemia may
be low vitamin B12 and/or folic acid levels rather than
levodopa treatment [15].

In this study,we found that the duration of PDwas shorter
in patients treated with dopamine agonist than patients
treated with levodopa and entacapone. This result may be
explained since dopamine agonists are the first choice of
treatment in the earlier period of PD. In addition, when the
disease duration advances, progression may occur; therefore,
levodopa and COMT inhibitors may take place in the treat-
ment regimen. Data showed that the UPDRS II and III scores
were lower in group III than in groups I and II but without
statistical significance.

We also found that the onset age was younger in the
group treated with levodopa and entacapone compared with
patients treated with levodopa and with the group treated
with the dopamine agonist alone. This may be because when
the age at the disease onset was earlier, more disease progres-
sion and motor fluctuations may appear in the advanced dis-
ease; therefore, levodopa and COMT inhibitors usually were
administered in this group.

Some studies have suggested a correlation between hyper-
homocysteinemia and male gender, but this correlation has
not been demonstrated in other studies [5, 30–32]. We



BioMed Research International 5

compared plasma Hcy levels between men and women and
found that plasma Hcy levels were higher in men, but we
could not find any statistical difference between treatment
subgroups ofmale patients and similarly in female subgroups.
In addition, there was no difference according to gender
distribution in the subgroups in our study. Therefore, gender
may not have been an important factor on plasma Hcy levels
in the results of this study.

5. Conclusions

The results of our study indicated that, in PD patients,
levodopa therapy may cause slight increases in plasma Hcy
levels, though not a significant increase, when comparedwith
dopamine agonists. Furthermore, the results did not support
the finding that COMT inhibitors have a preventive effect
on hyperhomocysteinemia, which may be associated with
levodopa therapy.
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terová, and P. Kukumberg, “Reduced plasma homocysteine lev-
els in levodopa/entacapone treated Parkinson patients,” Parkin-
sonism and Related Disorders, vol. 11, no. 4, pp. 253–256, 2005.

[11] P. Lamberti, S. Zoccolella, G. Iliceto et al., “Effects of levodopa
and COMT inhibitors on plasma homocysteine in Parkinson’s
disease patients,”Movement Disorders, vol. 20, no. 1, pp. 69–72,
2005.

[12] S. Zoccolella, P. Lamberti, E. Armenise et al., “Plasma homo-
cysteine levels in Parkinson’s disease: role of antiparkinsonian
medications,” Parkinsonism and Related Disorders, vol. 11, no. 2,
pp. 131–133, 2005.

[13] P. E. O’Suilleabhain, T. Bottiglieri, R. B. Dewey Jr., S. Sharma,
andR.Diaz-Arrastia, “Modest increase in plasma homocysteine
follows levodopa initiation in Parkinson’s disease,” Movement
Disorders, vol. 19, no. 12, pp. 1403–1408, 2004.

[14] J. L. Ostrem, G. A. Kang, I. Subramanian et al., “The effect
of entacapone on homocysteine levels in Parkinson disease,”
Neurology, vol. 64, no. 8, p. 1482, 2005.

[15] T. A. Zesiewicz, L.Wecker, K. L. Sullivan, L. R.Merlin, and R. A.
Hauser, “The controversy concerning plasma homocysteine in
Parkinson disease patients treated with levodopa alone or with
entacapone: effects of vitamin status,”Clinical Neuropharmacol-
ogy, vol. 29, no. 3, pp. 106–111, 2006.

[16] A. J. Hughes, S. E. Daniel, L. Kilford, and A. J. Lees, “Accuracy
of clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases,” Journal of Neurology Neuro-
surgery and Psychiatry, vol. 55, no. 3, pp. 181–184, 1992.

[17] M. M. Hoehn and M. D. Yahr, “Parkinsonism: onset, progres-
sion, and mortality,” Neurology, vol. 17, no. 5, pp. 427–442, 1967.

[18] S. Fahn, R. L. Elton, and UPDRS Development Committee,
“Unified Parkinson’s disease rating scale,” in Recent Develop-
ments in Parkinson’s Disease II, S. Fahn, C. D. Marsden, D. B.
Calne, and M. Goldstein, Eds., pp. 153–163, Macmillan, New
York, NY, USA, 1987.

[19] B. Vester and K. Rasmussen, “High performance liquid chro-
matography method for rapid and accurate determination
of homocysteine in plasma and serum,” European Journal of
Clinical Chemistry and Clinical Biochemistry, vol. 29, no. 9, pp.
549–554, 1991.

[20] American Society of Human Genetics/American College of
Medical Genetics Test and Transfer Committee Working
Group, “Measurement and use of total plasma homocysteine,”
American Journal of Human Genetics, vol. 63, no. 5, pp. 1541–
1543, 1998.

[21] J. J. Genest Jr., J. R. McNamara, B. Upson et al., “Prevalence of
familial hyperhomocyst(e)inemia in men with premature coro-
nary artery disease,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 11, no. 5, pp. 1129–1136, 1991.

[22] M. S. Morris, P. F. Jacques, I. H. Rosenberg et al., “Serum
total homocysteine concentration is related to self-reported
heart attack or stroke history among men and women in the
NHANES III,” Journal of Nutrition, vol. 130, no. 12, pp. 3073–
3076, 2000.

[23] J. Selhub, P. F. Jacques, A. G. Bostom et al., “Association between
plasma homocysteine concentrations and extracranial carotid-
artery stenosis,”The New England Journal of Medicine, vol. 332,
no. 5, pp. 286–291, 1995.

[24] A. Shenkin andN. B. Roberts, “Vitamins and trace elements,” in
Tietz Textbook of Clinical Chemistry and Molecular Diagnostics,
C. A. Burtis, E. R. Ashwood, and D. E. Bruns, Eds., p. 924,
Elsevier, St Louis, Mo, USA, 5th edition, 2012.



6 BioMed Research International

[25] P. Allain, A. Le Bouil, E. Cordillet, L. Le Quay, H. Bagheri, and
J. L. Montastruc, “Sulfate and cysteine levels in the plasma of
patients with Parkinson’s disease,” NeuroToxicology, vol. 16, no.
3, pp. 527–529, 1995.

[26] T. Müller, B. Werne, B. Fowler, and W. Kuhn, “Nigral endothe-
lial dysfunction, homocysteine, and Parkinson’s disease,” The
Lancet, vol. 354, no. 9173, pp. 126–127, 1999.

[27] M. Nevrly, P. Kanovsky, H. Vranova, K. Langova, and P.
Hlustik, “Effect of entacapone on plasma homocysteine levels in
Parkinson’s disease patients,”Neurological Sciences, vol. 31, no. 5,
pp. 565–569, 2010.

[28] T. Müller and S. Muhlack, “Peripheral COMT inhibition pre-
vents levodopa associated homocysteine increase,” Journal of
Neural Transmission, vol. 116, no. 10, pp. 1253–1256, 2009.

[29] R. B. Postuma, A. J. Espay, C. Zadikoff et al., “Vitamins and
entacapone in levodopa-induced hyperhomocysteinemia: A
Randomized Controlled Study,” Neurology, vol. 66, no. 12, pp.
1941–1943, 2006.

[30] S. Hassin-Baer, O. Cohen, E. Vakil et al., “Plasma homocys-
teine levels and parkinson disease: disease progression, carotid
intima-media thickness and neuropsychiatric complications,”
Clinical Neuropharmacology, vol. 29, no. 6, pp. 305–311, 2006.

[31] S. Zoccolella, P. Lamberti, G. Iliceto et al., “Plasma homo-
cysteine levels in L-dopa-treated Parkinson’s disease patients
with cognitive dysfunctions,”Clinical Chemistry and Laboratory
Medicine, vol. 43, no. 10, pp. 1107–1110, 2005.

[32] P. E. O’Suilleabhain, V. Sung, C. Hernandez et al., “Elevated
plasma homocysteine level in patients with Parkinson disease:
motor, affective, and cognitive associations,”Archives of Neurol-
ogy, vol. 61, no. 6, pp. 865–868, 2004.



Submit your manuscripts at
http://www.hindawi.com

Neurology 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Alzheimer’s Disease
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
Schizophrenia

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Neural Plasticity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
Autism

Sleep Disorders
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Neuroscience 
Journal

Epilepsy Research 
and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Psychiatry 
Journal

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Depression Research 
and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Brain Science
International Journal of

Stroke
Research and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Neurodegenerative 
Diseases

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Cardiovascular Psychiatry 
and Neurology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014


