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Abstract 
The major clinical disturbances in Parkinson’s disease (PD) are consequence of dopamine deple- 
tion in the neostriatum, due to degeneration of dopaminergic neurons. The aim of the present stu- 
dy was to determine whether oxidative stress (OS) occurs during the clinical course of Parkinson’s 
disease and to evaluate the influence of therapy on the levels of some important final products of 
oxidation of lipids, proteins and nucleic acids in PD patients with drug therapy. For this purpose, 
we investigated the levels of malondialdehid (MDA), protein carbonyl content (PCC) and 8- 
hydroxy-2’-deoxyguanosine quantity (8-OHdG) in PD patients with and without drug therapy. The 
observed changes in MDA levels, PCC and 8-OHdG quantity in blood of untreated PD patients, 
suggested impaired antioxidant status and presence of oxidative stress in Parkinson disease. After 
treatment with Madopar, the elevation in by-products significantly progresses. Our results dem- 
onstrate that administration of Madopar causes in greater degree oxidative stress than that in- 
duced by Parkinson disease, by itself. 
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1. Introduction 
Parkinson’s disease (PD) takes a leading place among contemporary frequent diseases of the central nervous 
system (CNS). This is a slow, progressive disease, characterized by loss of dopaminergic neurons in the Subs- 
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tantia Nigra (SN) pars compacta [1]. To explain the neurodegenerative mechanisms that occur in PD, numerous 
hypotheses have been proposed and some of them show that oxidative stress plays a considerable role [2]-[5]. 
Imbalance between levels of reactive oxygen species (ROS) resulting in the body and the capacity of antioxidant 
defense mechanisms provokes oxidative stress (OS). In the course of PD, ROS activates processes causing 
damage to lipids, proteins and DNA [4]. 

The most commonly used drug in the PD treatment is levodopa (L-dopa). It is a precursor of dopamine and 
thus complete deficiency of dopamine in the CNS. After oral intake L-dopa undergoes metabolism, including 
oxidative dopamine metabolism, auto-oxidation and across the blood-brain barrier (BBB). Only less than 5% of 
an oral dose of L-dopa is delivered to the brain. Remaining plasmatic levels of L-dopa undergoes peripheral 
oxidative metabolism and may generate ROS. Likely peripheral oxidative status in PD patients might be af- 
fected by L-dopa therapy [6] [7]. It is applied with Dopa-decarboxylase inhibitors, so it achieves decrease of 
peripheral conversion of Levodopa to Dopamine. The dopamine agonists are products that directly affect striatal 
dopamine receptors and apply for advanced PD in combination with L-dopa. In the CNS, L-dopa is quickly 
transformed in dopamine and both may be relevant in OS [8]. However, some studies showed that L-dopa 
treatment increased the protein carbonyl content (PCC) and quantity of 8-OHdG [9]-[11], on the other side some 
evidence suggests an antioxidant effect of L-dopa [12]. 

The present study was aimed to determine whether OS occurs during the clinical course of PD and to evaluate 
the influence of drug therapy with Madopar on the levels of some important final products of oxidation of lipids, 
proteins and nucleic acids, such as plasma concentrations of MDA, PCC and quantity of 8-OHdG. 

2. Material and Methods 
2.1. Chemicals 
The Thiobarbituric acid and Protein Carbonyl and Oxidative DNA Damage ELISA kits were purchased from 
Sigma-Aldrich Chemie GmbH (Germany). All other chemicals used in this study were analytical grade. De- 
ionized and distillated water was used for all experiments.  

2.2. Patients and Biological Material 
The study population consisted 20 PD patientstreated with Madopar, 18 PD patients without administration. All 
of patients were in the age group of 59 - 78 years old and were patients of the Neurological Clinic of University 
Hospital, Stara Zagora, Bulgaria. The PD diagnoses were made by taking a detailed history and studying the 
disease symptoms. For controls were used 20 age-matched healthy volunteers (Table 1). 

No obvious differences were found in the severity of disease and the dose of antiparkinsonian drugs between 
female and male cases. To eliminate other factors that might affect the oxidative stress parameters, we have 
chosen PD patients and healthy volunteers all were neither smokers nor suffering from acute or chronic diseases. 
Informed consent was obtained from all participants in the study according to the ethical guidelines of the 
Helsinki Declaration. 

2.3. Biochemical Investigation 
Fasting samples of venous blood were collected in the morning in tubes with anticoagulant and was used to 
 
Table 1. Clinical characteristics of PD patients control subjects.                                                   

Group Therapy Male/Female Age Disease Duration Therapy 
Duration 

Parkinson  
Disease 

Therapy 
—Madopar 250 mg  

1 + 1 + 1 + 1/2 

Men - 8 
women - 10 55 - 70 from 6 to 8 years from 2 to 4 years 

Parkinson  
Disease Without therapy men - 10 

women - 10 55 - 70 from 1 to 2years without therapy 

Healthy  
Volunteers Controls men - 8 

women - 12 50 - 65 healthy volunteers healthy volunteers 
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determinated the product of lipid peroxidation. For PCC and 8-OHdG was collected whole blood in a covered 
test tube (without anticoagulant). All samples from each subject were split and run in triplicate. 

2.4. Determination of the Lipid Peroxidation Products 
Total amount of lipid peroxidation products in the plasma of healthy volunteers and patients was estimated using 
the thiobarbituric acid (TBA) method modified by Gadjeva et al., and measurement of MDA at 532 nm [13]. 
Results were expressed in µmol/l. 

2.5. Haemoglobin Concentrations 
Haemoglobin lysates concentrations were analyzed by cyanmethaemoglobin method [14]. 

2.6. Measurement of Protein Carbonylcontent 
PCC was measured by using a commercial ELISA kit followed manufacturer’s instructions. 

2.7. Measurement of 8-OHdG Quantity 
The quantitative measurement of 8-OHdG were carried out using commercial ELISA kit, followed manufactur-
er’s instructions. 

2.8. Statistical Analysis 
Statistical analysis was carried out using Statistics 7 for Windows. The results were reported as means ± SD 
(SE). Student’s t-test was used to determine the statistical difference between groups. P ≤ 0.001 was considered 
statistically significant. 

3. Results and Discussion 
Lipids are the most easily oxidizable which makes them the most preferred object for the study of free radical 
injuries via lipid peroxidation. Literature data show that in the brain of PD patients the amount of products of li-
pid peroxidation (LPO) (measured as MDA) is increased and the concentration of polyunsaturated fatty acids 
decreased, which is considered as an indicator of increased LPO in the SN. 

Sanyal et al. reported that PD patients levels of plasma MDA is significantly higher than in controls [15], 
which imply that increased LPO is a risk factor for the presence of oxidative stress. The plasma MDA, repre- 
sented in Figure 1 was no statistically significant difference in the values in PD patients with Madopar treatment 
relative to control group (mean 2.46 µmol/l ± 0.1 vs mean 2.39 µmol/l ± 0.04, р < 0.36, t-test), but there is a sta-
tistically significant increase in MDA levels between PD patients without therapy compared to controls (mean 
3.38 µmol/l ± 0.08 vs mean 2.39 µmol/l ± 0.04, р < 0.00, t-test). Statistically significantly decrease was meas-
ured between PD patients receiving Madopar compared to PD patients without treatment (mean 2.46 µmol/l ± 
0.1 vs mean 3.38 µmol/l ± 0.08, р < 0.00, t-test).  

It is well known that lipid peroxidation of plasma and intracellular membranes leads to distortion of the over-
all cell metabolism, and has a cytotoxic effect. MDA can react with proteins and nucleic acids, and so impair 
certain physiological mechanisms in the human body. PD may serve as an excellent example to discuss the sig-
nificance of oxidative processes as a central, but not an initiating event for the development of clinical disease. 
The concept that OS occurs in PD derives primarily from the realization of dopamine metabolism, by chemical 
or enzymatic means that can generate free radicals and other ROS via autoxidation and dopamine oxidation. Bi-
ochemical evidence of oxidative injury can be suggested through the detection of products of oxidation of lipids, 
proteins and nucleic acids, such as MDA, PCC and quantity of 8-OHdG [15] [16]. 

Therefore the results of our study indicate that oxidative stress increased in PD patients without therapy which 
is due to the increased levels of LPO and are in agreement with studies of Jenner & Olanov, Sudha et al. and 
Barnham et al. [17]-[19]. MDA is able to impair several physiological mechanisms of the human body through 
its ability to react with molecules such as DNA and proteins [20]. Cell membrane lipids are the most common 
substrates for oxidative attack [21]. According to Barnham et al. [17], MDA increases in PD brains and whereas, 
increased TBARs observed in the plasma of untreated PD patients measured by Dexter et al. and Sanyal et al.,  
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Figure 1. MDA plasma levels in controls, PD patients with therapy Madopar 
and PD patients without drug therapy. Results are presented as mean values 
±SE p < 0.05; (*)—statistical significance relative to the controls; (++)— 
statistical significance compared to PD patients without drugtreatment.       

 
comparing with controls, which is consistent with our results [15] [22]. 

The oxidative modification of proteins leads to increased recognition and degradation by proteases and loss of 
enzymatic activity [23]-[25]. The chemical reactions resulting from ROS attack upon proteins are complex, and 
generate radicals from amino acid residues, so electrons can be transferred between different amino acids. It has 
been shown that OS increased protein oxidation in various diseases [26] including PD. A lot of studies con-
ducted in different areas of the brain in patients who died of Parkinson’s disease, show presence of increased 
levels of oxidised proteins especially in SN [9] [27] [28]. One way to measure protein oxidation is to determine 
levels of PCC [29] [30]. The levels of PCC could be used to assess the oxidative protein damage [31] [32]. As it 
can be seen on Figure 2 the PCC in PD patients with drug administration were statistically higher compared to 
the controls (mean 7.72 nmol/mg ± 0.3, vs mean 1.25 nmol/mg ± 0.2, р = 0.00, t-test) and to PD patients without 
drug administration (mean 7.72 nmol/mg ± 0.3, vs mean 5.17 nmol/mg ± 0.1, р = 0.00, t-test). The same 
changes in PCC are demonstrated in studies on Beal [33]. Such increase in PCC may be a result of treatment 
with levodopa (the main ingredient of Madopar), which are accepted from all PD patients in the therapy group 
[9] [34]-[36], so levodopa can act as an in vitro pro oxidant and probably in vivo [37] [38]. 

In comparison between the group of PDpatients without therapy with controls also had a statistically signifi-
cant increase (mean 5.17 nmol/mg ± 0.1, vs mean 1.25 nmol/mg ± 0.2, р = 0.00, t-test), which indicates that 
impacts of disease may also damaged the proteins and confirmed the role of oxidative stress in disease path- 
ology. 

There are significant data [39] [40] ascribe that the toxic accumulation of aggregated and misfolded proteins 
may cause loss of nigral neurons in PD [2] [17]. Furthermore, the products of oxidative protein damage can 
contribute to secondary damage to other biomolecules, for example, inactivation of DNA repair. When oxidized 
DNA is repaired, 8-OHdG is excreted in the blood and in urine, where it can be measured, and as such, it has 
emerged as a marker of oxidation. The 8-OHdG is a product of DNA nucleoside oxidation and is generated by 
oxidation of guanine. Hence, 8-OHdG can be viewed as a biochemical marker of injury induced ∙OH. Several 
studies have reported that 8-OHdG levels in neuronal cells of the SNare higher in PD patients than in healthy 
controls [27]. Furthermore, in the cerebrospinal fluids, plasma and urine the levels of 8-OHdG in PD patients 
were found to be significantly higher than levels in controls. 

Figure 3 represents the DNA damage, measured as amount 8-OHdG by ELISA method, in samples from PD 
patients with and without therapy. There is a statistically significant increase in the amount of 8-OHdG in PD 
patients treated with Madopar compared with controls (mean 18.5ng/ml ± 0.2 vs mean 11.31ng/ml ± 0.1, р < 
0.00, t-test), while in PD patients without therapy increases is insignificant compared to controls (mean 16.2 
ng/ml ± 0.4 vs mean 11.31 ng/ml ± 0.1, p < 0.6, t-test), and are in agreement with those reported by Sato et al., 
and Isobe et al., [41] [42]. Statistically significant increase was observed in the amount of 8-OHdG measured in 
PD patients with treatment compared to PD patients without drug administration (mean 18.5 ng/ml ± 0.2 vs 
mean 16.2 ng/ml ± 0.4, р < 0.00). 
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Figure 2. Protein Carbonyl Content (PCC) in PD patients with Madopar 
therapy, patients without therapy and controls; p < 0.05; (*) relative to con- 
trols, (++) compared with PD patients without drug treatment.              

 

 
Figure 3. DNA damage, measured as 8-OHdG (ng/ml) in controls, PD pa- 
tients with therapy Madopar and PD patients without drug therapy. p < 0.05; 
(*)—relative to the controls, (++)—compared with PD patients without drug 
treatment.                                                        

 
The results suggested that in PD patients without drug therapy OS increased, this is demonstrated by elevated 

levels of the end products of oxidation of lipids (measured as MDA), proteins (PCC) and nucleic acids (8-OHdG). 
In the group of PD patients with drug therapy our results coincide with Stadman et al., Alam et al., Cornetta et al., 
Prigione et al., Floor et al., [6] [10] [26] [43] [44], who have reported elevated levels of PCC and significant 
increase of nucleic acid measured as 8-OHdG during L-dopa treatment compared to untreated PD patients and 
controls. After treatment with (Madopar) L-dopa oxidative stress progresses, as there is a statistically significant 
increase in the values of the PCC and 8-OHdG. However, some authors indicated on positive correlation between 
OS and L-dopa therapy [4] [17] [45], but there are also negative correlation between OS and L-dopa dosage in 
peripheral blood lymphocytes [6] [41] [42]. It can be assumed that DNA damage is due to the treatment with 
L-dopa, which can lead to the generation of H2O2 and consequently to ∙OH formation through autoxidation and 
metabolism of monoamineoxidase. However, only H2O2 or only L-dopa does not lead to modification of DNA 
bases, whereas the combination of H2O2 with transition metal ions (iron and copper) produces a wide range of 
end-products of the DNA damage. According to Alam et al., and Kikuchi et al., it seems unlikely that the selec-
tive increase of 8-OHdG is due to L-dopa treatment [10] [11]. Anyway the data indicate increased oxidative ac-
tivity in PD substantia nigra and are in conformity with the view that oxidative stress plays a major role in the loss 
of dopaminergic cells in PD patients. Our results confirm previous studies of 8-OHdG increased content in PD 
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patients with L-dopa therapy. Probably, the changes are not only due to the increase of free radical damage, but 
also in the change of chemical nature of the guanine damage products. 

There is a lot of evidence that PD brain is oxidatively damaged, which is observed within L-dopa therapy [9] 
[10] [46]-[49]. 

4. Conclusion 
In view of these facts we can conclude that presented results from our study confirm the concept that oxidative 
stress is increased in PD patients by elevated plasma levels of MDA, PCC modified proteins and the amount of 
8-OHdG. The long-term drug administration can cause further oxidative stress and imbalance between the 
production and elimination of ROS could contribute to the pathogenesis of PD and other neurodegenerative 
disorders. In conclusion, we believe that the Levodopa (Madopar) administration results in a greater degree of 
oxidative stress, than is induced by PD itself. Further studies are needed to clarify the effect of the combined 
therapy with antioxidants, which would have a protective effect on Madopar-induced oxidative toxicity 
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