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Abstract. – BACKGROUND: Nitric oxide (NO)
and its toxic product peroxynitrite contribute to
oxidative stress and neurodegeneration in Parkin-
son’s disease (PD). The relationship of serum lev-
els of these oxidants with the severity of the dis-
ease [evaluated by the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS)] is not established.

AIM: This study was designed to evaluate
whether patients with PD had higher NO and
peroxynitrite serum level or not.

PATIENTS AND METHODS: Fifty eight patients
with PD and 15 healthy volunteers entered this
study. The concentrations of serum NO and per-
oxynitrite were assayed and their correlation
with the UPDRS score was assessed.

RESULTS: Mean serum NO levels in patient
group was 29.8 ± 21.631 versus 7.49 ± 2.573 in con-
trol group, which was significantly higher in pa-
tients (p ≤≤ 0.0001). Peroxynitrite levels in patient
and control groups were 7.37±3.501 µmol/L and
3.94 ±1.389 µmol/L respectively. Patients had a sig-
nificantly higher peroxynitrite level (p = 0.0004).

CONCLUSIONS: Higher levels of NO and per-
oxynitrite leads to higher UPDRS scores. It
seems since current PD treatments do not af-
fect the pathology of the disease, using drugs
that exert neuroprotective properties should be
considered for the treatment of PD in order to
prevent further neuronal cell loss.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative
disorder that progressively affects motor system as
well as neuropsychiatric features including tremor,
rigidity, bradykinesia, cognitive dysfunction, de-
mentia, mood disorders. Frequency of PD is about
0.3% in the general population and more than 1%
in those over 60 years old. Race and geographic
region do not influence PD1,2. A major hypothesis
for the pathogenesis of the disease is the neurotox-
icity caused by free radicals leading to neuronal
cell loss through overproduction of reactive oxy-
gen and nitrogen species3. 

Nitric oxide (NO) is generated by nitric oxide
synthetase and high concentrations or prolonged
exposure to NO promotes a deleterious inflammato-
ry response leading to secondary tissue necrosis and
cell apoptosis. Damage to dopaminergic neurons in
brain is one of the underlying mechanisms in PD
that finally results in disability of patients.

Rapid reaction of NO with superoxide anions
yields the potent oxidant peroxynitrite (ONOO-)
which leads to formation of hydroxyl radicals
and nitrogen dioxide resulting in unwanted side
effects of elevated NO4. Overproduction of
these oxidants overwhelms antioxidant defense
of the body. Hence, antioxidant use to restore
this balance is a major therapeutic intervention
for cell damage prevention3,5,6.
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Moreover. a 50% neuronal loss at the onset of
PD is another factor that supports the idea of pre-
venting further cell death by neuroprotection7.

Pharmacotherapy for PD improves patients’
symptoms, but its influence on neuroprotection
has not yet been established and currently none
of these medications are known to be neuropro-
tective8,9. Based on different studies NO and per-
oxynitrite have a role in the etiology of PD, but
their effect on the severity and progression of this
disease has not been confirmed4,10-12.

The Unified Parkinson’s Disease Rating Scale
(UPDRS) was used as a score to determine the
severity of the disease (where the higher the
score is the more severe the disease is). It has
four components (mentation, behavior and mood,
activities of daily living, motor, complications)
and is an efficient tool for evaluating all aspects
of Parkinson’s disease and its related disabilities.
It is widely used as a gold standard scale in dif-
ferent clinical trials for monitoring the progres-
sion and treatment response in PD patients3,13-16.

Our aim is to assess the correlation between
serum levels of NO and peroxynitrite with the
UPDRS score of patients suffering from PD.

Patients and Methods

We conducted a case-control study at two sites
one being the Neurology Outpatient Clinic at
Roozbeh Hospital [affiliated to Tehran University
of Medical Sciences (TUMS)] and the other be-
ing a private Center mainly focused on geriatrics
neurology in Tehran, Iran from April 2010 to
March 2011.

The study was permitted by the TUMS Ethics
Committee. Patients were all informed and prop-
er consent forms were filled by each patient same
as each volunteer of the control group.

Inclusion criteria were having Parkinson’s dis-
ease, being able to participate in the UPDRS as-
sessment and fulfilling the consent form.

The control group constituted of healthy vol-
unteers with matched demographic characteris-
tics. They didn’t have any family history of
Parkinson’s disease and the physical examina-
tions were all normal.

The exclusion criteria for both patients and con-
trol volunteers were major diseases or states and
major drugs, supplements or specific diet that af-
fected NO production including concomitant dis-
ease such as rheumatoid arthritis (RA), diabetes
mellitus, chronic kidney disease, any malignancy

and history of recent myocardial infarction and
stroke. Patients with definite diagnosis of
Alzheimer’s disease (AD) were excluded since
there are studies showing the over production of
nitric oxide and peroxynitrite in AD3. None of the
subjects received following drugs or supplements:
nitrates, statins and steroids, phosphodiesterase in-
hibitors such as sildenafil, pentoxifyllin, N-acetyl
cystein, insulin, Vitamin E, Vitamin C, Ginko bilo-
ba, melatonin or Coenzyme Q 10. Cigarette smok-
ing and strict vegetarian diet were other exclusion
criteria. Since different pathogenesis pathways
might be affecting atypical forms of PD (for ex-
ample Progressive Supranuclear Palsy) we exclud-
ed these patients as well3,17-19.

Laboratory tests including blood glucose, lipid
profile, uric acid, thyroid function test, erythro-
cyte sedimentation rate (ESR), creatinine and
complete blood count (CBC) were assessed for
all subjects at the beginning.

To rate the severity of the disease, each patient
was assessed by the UPDRS10.

First this scale was translated to Farsi (Iran’s
official language) by a neurologist expert in
geriatrics and a pilot survey was done to assess
possible incompatibilities or need for special
adjustments. A clinical pharmacy resident (one
of the authors) was trained by a neurologist ex-
pert in geriatrics to perform some of the UPDRS
evaluations.

Every patient or volunteer was assessed indi-
vidually and the process of the UPDRS assess-
ment took about 30 minutes for each person.

A patient data form (attached to the paper) was
also designed to accurately gather all the informa-
tion necessary for the study. It concluded name,
telephone, address, demographic characteristics,
medical history, drug history, family history, cur-
rent medications, smoking and type of diet.

At the same day of the UPDRS evaluation ve-
nous blood samples were taken from each subject
and the sera were separated by centrifugation
(3000 rpm for 3 min) and were stored at -80°C
until the time of NO and peroxynitrite assay (the
maximum time a sample was kept at this condi-
tion was 4 months).

NO goes under several chemical reactions in
the serum and its final products are nitrate and
nitrite. Griess method is a known way for ni-
trate/nitrite assay and when concentrations are
high enough to be shown by �mol/L the result of
this assay is comparable to other methods of ni-
trate/nitrite measurement such as HPLC20,21. The
samples’ NO content were measured by
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nitrate/nitrite colorimetric assay kit (Cayman®,
Ann Arbor, MI, USA). The colorimetric ab-
sorbance was read at 540 nm by an ELISA plate
reader (Synergy, BioTek®, Winooski, VT, USA).
Serum NO was then calculated in respect to stan-
dard nitrate absorbance concentration curve ac-
cording to assay protocol.

Serum peroxynitrite was assessed using a
novel method for detecting reactive oxygen
species (ROS) using hydroxyphenyl fluorescein
(HPF) probe developed by Setsukinai et al22.
This method is a novel one step assay for perox-
ynitrite detection. When HPF reacts with ROS
such as peroxynitrite or hydroxyl radical it
shows a strong dose dependent fluorescence.
Peroxynitrite level was measured using hydrox-
yl radical (OH), and peroxynitrite (ONOO–) de-
tection Kit (Cell Technology, Mountain View,
CA, USA). The fluorescence intensity was then
measured by an ELISA plate reader (Synergy,
BioTek®, Winooski, VT, USA) at a utilizing ex-
citation of 488 nm and an emission of 515 nm.
The concentration of peroxynitrite was then cal-
culated in respect to a standard solution of per-
oxynitrite and the fluorescence increase-concen-
tration curve23.

This standard solution was synthesized accord-
ing to the following description: same amount of
0.6 molL-1 of sodium nitrite and 0.7 molL-1 H2O2

containing 0.6 molL-1 HCl were mixed rapidly and
then quenched with equal volume of 1.5 molL-1

NaOH solution. The excess H2O2 was removed
with MnO2 powder. The final concentration of per-
oxynitrite was determined by a UV spectropho-
tometer (SPEKOL® 1300/1500, Analytik Jena AG,
Jena, Germany) at 302 nm.

Statistical Analysis
All data were expressed as mean ± standard

deviation (SD) of mean. The normality of data on

NO and peroxynitrite levels and UPDRS among
patients and control group was first determined
by Kolmogorov-Smirnov test (KS-test).

The correlation of serum NO and peroxynitrite
levels with the UPDRS score were compared by
Pearson correlation test. Significance was de-
fined as a p value of < 0.05.

Results

A total of 77 subjects were enrolled in this
study of which 58 of them were in patient group
and 15 in control group. Four patients were
dropped out of the study since they had medical
conditions which were among exclusion criteria
and were not reported in the data form. All pa-
tients’ Parkinson’s disease was confirmed by a
neurologist expert in geriatrics.

Table I shows data about age, gender, duration
of disease and type of drug therapy. All patients
were in normal body mass index (BMI) range
(18.5 to 24.9 kg/m2). There was no significant
difference in demographic characteristics be-
tween patients and control group.

Only 37.9% of the patients were on a single
drug regimen. 41.4% were on two drugs, 19.0%
and 1.7% were on three and four drugs respec-
tively.

As presented in Tables II and III, we found
that there is no significant difference between
serum levels of NO and UPDRS with sex nor age
(p values for correlation of NO levels with sex
and age are 0.804 and 0.166 respectively. These
value for UPDRS correlations are 0.886 and
0.225) but peroxynitrite levels show to be higher
in men and also have a positive correlation with
age (p values for correlation with sex and age are
0.026 and 0.007 respectively).

Patient group (number = 58) Control group (number = 15)

Sex F: 43.9% F: 60%
M: 56.1% M: 40%

Age (years) 64.4 ± 11.1 (mean ± SD) 58.3 ± 10.0 (mean ± SD)
Duration of disease (years) 5.4 ± 3.7 (mean ± SD) –
Type of drug therapy for PD Patients on Levodopa: 75.9%

Patients on dopamine agonists: 31.0%
Patients on amantadine: 50.0%
Patients on seligiline: 15.5%
Patients on propranolol: 12.1% –

Table I. Demographic data of patients and control group.
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In terms of duration of disease, longer duration
correlated significantly with higher UPDRS and
NO levels (p values are 0.007 for UPDRS and
0.017 for NO levels) but this correlation wasn’t sig-
nificant about peroxynitrite levels (p value: 0.102).

The mean NO level was 29.8 ± 21.631 �mol/L
in patients and 7.49 ± 2.573 �mol/L in control
group, while peroxynitrite level was 7.37 ± 3.501
�mol/L and 3.94 ± 1.389 �mol/L respectively.

The mean UPDRS score was 28.48 ± 17.916
in patients versus 0.47 ± 1.06 in control group.

Table IV shows serum levels of NO and perox-
ynitrite and the UPDRS score in the two groups.

Patients with Parkinson’s disease had signifi-
cantly higher serum levels of NO and peroxyni-
trite in comparison to control group (p values are
≤ 0.0001 for NO and 0.0004 for peroxynitrite).
The UPDRS score of patients was significantly
higher than control group (p value: ≤ 0.0001).
Table V shows the correlation between serum
levels of these factors and the UPDRS score in
patients.

Discussion

The current study has shown that higher serum
levels of NO and peroxynitrite in patients showed

positive correlations with the UPDRS scores. The
role of oxidative and nitrosative stress in patho-
genesis and etiology of PD has been established
and this positive correlation supports the hypoth-
esis of their role in the progression of PD.

Oxidative stress leads to damage to dopamin-
ergic neurons due to impaired mitochondrial
function, alterations in brain iron content and
change of antioxidant protective systems (mostly
superoxide dismutase and reduced glutathione).
The exact nature of cell death due to specific oxi-
dants in PD remains unknown, but there are evi-
dences of hydroxyl radical, peroxynitrite and ni-
tric oxide role. The formation of peroxynitrite is
depended on NO content11,16.

The Unified Parkinson’s Disease Rating Scale
was used in this study for evaluation of the sever-
ity of PD. This scale can be used as the standard
tool for evaluating patients with PD in Iran since
it is flexible and not affected by education, cul-
ture, race nor geographical region. It also covers
all PD related impairments including motor dis-
abilities and mental problems13,14.

Some studies reported the correlation of
cerebrospinal fluid (CSF) levels of NO and
with the severity of disease. In one study24 the
results were consistent with our findings; high-
er UPDRS scores were related to higher CSF

Number Mean ± SD p-value

UPDRS Female 25 28.44 ± 16.76 0.886
Male 32 29.13 ± 18.97

Nitrate level Female 25 29.41 ± 18.82 0.804
Male 32 30.86 ± 23.78

Peroxynitrite level Female 25 6.33 ± 2.16 0.026
Male 32 8.27 ± 4.13

Table II. Relationship between sex with serum levels of NO and peroxynitrite and UPDRS in patients and control group.

p: Level of significance (< 0.05), SD: Standard Deviation.

Pearson correlation p-value

Correlation between age and UPDRS 0.10 0.225
Correlation between age and NO levels 0.13 0.166
Correlation between age and peroxynitrite levels 0.32 0.007
Correlation between duration of disease and UPDRS 0.32 0.007
Correlation between duration of disease and NO levels 0.28 0.017
Correlation between duration of disease and peroxynitrite levels 0.17 0.102

Table III. Relationship between age and duration of disease with serum levels of NO and peroxynitrite and UPDRS in patients
and control group.

p: Level of significance (< 0.05).
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NO levels. Shukla R et al25 found that NO con-
tent of CSF in patients with PD had been high-
er compared to control group; however, this
finding was not significant. This might be due
to the fact that in that study the control group
suffered from central or peripheral neurological
problems but in the present study the control
group was selected among healthy volunteers.
The study also reported no correlation between
NO CSF levels with duration of disease, type of
drug therapy for PD, age or gender. The present
investigation found NO levels do not have any
correlation with sex or age. However, longer
duration of disease was correlated with higher
NO levels25. In addition taking CSF samples is
an invasive procedure which causes great dis-
comfort for patients. Hence, this work was de-
signed to examine the levels of serum oxidative
biomarkers due to the fact that taking a blood
sample is convenient, patient friendly and less
expensive.

Tuncel D et al11 measured NO serum concen-
trations of 25 patients with PD using Griess
method and the mean level was 2.3 ± 0.4 �mol/L
which was significantly lower than control
group. The Authors of that research noted that
this finding might be associated with adaption of
NO and protective mechanisms in PD. This result
is in contrast with our findings.

There are no prior investigations on measuring
serum peroxynitrite levels in patients with PD
and its relationship with the UPDRS scores. Per-

oxynitrite is a byproduct of NO and its level is
important in disease progression.

The mean UPDRS of patients was 28.48 ±
17.92, this is mostly because of the fact that pa-
tients were selected from outpatient setting and
had mild to moderate PD and severe cases were
not included10,16.

The medication mostly used among our pa-
tients was levodopa but this drug is not an ideal
agent since it does not affect the mechanism dis-
ease progression9.

Studies like the present report help us have a
better understanding of all aspects of pathogen-
esis of PD and hence taking in account drug
therapies that exert neuroprotective effects.
These studies may suggest a new line of med-
ications to be added to the conventional treat-
ments for PD.

Conclusions

Our data indicate that elevated serum levels of
NO and peroxynitrite have an impact on progres-
sion of PD. Levels of NO and peroxynitrite may
be considered as biomarkers for PD progression
in the future. However, other studies are neces-
sary for definite recommendations.

It should be noted that at the present time no
specific can be recommended for neuroprotection
and controlling the progression of PD. 

Number Mean ± SD p-value

UPDRS Control 15 0.47 ± 1.06 ≤ 0.0001
Patients 58 28.48 ± 17.92

Nitrate level Control 15 7.49 ± 2.57 ≤ 0.0001
Patients 58 29.80 ± 21.63

Proxynitrite level Control 15 3.94 ± 1.39 0.0004
Patients 58 7.37 ± 3.50

Table IV. Serum levels of NO and peroxynitrite and the UPDRS score in normal controls and patients with PD.

p: Level of significance (< 0.05), SD: Standard Deviation.

Correlation between UPDRS and: Number Pearson correlation p-value

NO level 58 0.89 ≤ 0.0001*
Peroxynitrite level 58 0.51 ≤ 0.0001*

Table V. Correlation between serum levels of NO and peroxynitrite and the UPDRS score in patients.

p: Level of significance (< 0.05).
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