Bulgarian Chemical Communications, Volume 50, Special Issue C (pp. 36 — 42) 2018

Oxidative stress and related diseases. Part 2; Parkinson’ disease
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Parkinson’ disease is a progressive neurodegenerative movement disorder associated with a selective loss of neurons
in the midbrain area called the substantia nigra pars compacta. Pharmacological treatment of PD traditionally has
centered on administrering medications that restore dopaminergic influence in the basal ganglia. During the early stage
of disease, Levodopa admistration can produce significant improvements in parkinsonian symptoms moreover, the
effects of Levodopa, often diminish after only a few years of continuous use, and this drug often is ineffective in the
advanced stages of PD. The aim of current research was to evaluate and compare oxidative status in blood of PD
patients treated with Madopar, alone and with a combination of Madopar and vitamin C by several analytical
techniques. To realize the aim were investigated: 1) levels of ROS products, ascorbate (Asce) and NOe radicals as real
time oxidative stress biomarkers using Electron paramagnetic resonance (EPR) spectroscopy; 2) the oxidative end
products of lipids, proteins and DNA, levels of malondialdehyde (MDA) measured by visible spectrophotometry,
protein carbonyl content (PCC) and also 8-hydroxy-2'-deoxyguanosine (8-OHdG) determined by ELISA; and 3)
erythrocyte SOD activity by visible spectrophotometry in blood of PD patients.
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INTRODUCTION

Parkinson's disease (PD), also known as
idiopathic or primary parkinsonism/paralysis
agitans/ is a neurodegenerative disorder (ND) of

the role of free radicals and implicated oxidative
stress (OS) that leads to cellular dysfunction and
demise.

OS can cause cellular damage and subsequent

the central nervous system. Pathologically, the
disease is characterized by the proteinaceous
cytoplasmic inclusions presence known as Lewi
bodies. Contemporary treatment is more efficient
during the initial stages of the motor disorders
mainly, by the treatment with Levodopa and
Dopamine agonists. The Levodopa effects often
diminish after few years’ continuous use, and in the
advanced PD stages, the drug is ineffective. More
importantly, the Levodopa administration seems
not to delay the PD progression. Simple increase of
dopaminergic influence in the basal ganglia does
not prevent the deterioration of neurons in the
substantia nigra. Recent efforts, therefore, have
been focused on identifying the factors responsible
for neuronal degeneration and for developing
medications that might be able to delay nigral cell
death [1]. Consequently, with the progress of the
disease and neuronal loss, Levodopa becomes
ineffective, yielding complications such as
dyskinesias. Motor symptoms of PD disease result
in dopamine-generating cells loss in the substantia
nigra pars compacta. The reason for this cell death
is unknown, but a number of studies [2, 3] consider
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cell death because the reactive oxygen species
(ROS) oxidize vital cellular components [4]. exhibit
increased levels of oxidized lipids [5], proteins [6],
and DNA [7]. OS occurs when an imbalance is
formed between production of ROS and cellular
antioxidant defense mechanisms that include
removal of O,  scavenging of reactive
oxygen/nitrogen species or their precursors,
inhibition of ROS formation, binding of metal ions
needed for the catalysis of ROS generation and up-
regulation of endogenous antioxidant defenses.
Various antioxidant therapies have been proposed
for reducing oxidative stress in neurodegenerative
diseases including PD, but the results with regard to
the efficacy of the antioxidant treatments remain
controversial [8]. Substances that delay, prevent, or
remove oxidative damages to a target molecule are
considered as antioxidants. One of the vital roles of
the classic antioxidant vitamin C is to protect
cellular components from free radical damage.
Ascorbic acid has been shown to scavenge free
radicals directly in the aqueous phases of cells and
the circulatory system [9]. The acid has also been
proven to protect membrane and other hydrophobic
compartments from such damage by regenerating
the antioxidant form of vitamin E. Mechanism of
vitamin C antioxidant function, myriad of

© 2018 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



G. Nikolova et al.: Oxidative stress and related diseases. Part 2: Parkinson’ disease

pathologies resulting from its clinical deficiency,
and the many health benefits it provides, are
reviewed [7].

In the current study, we explored the influence
of vitamin C on the oxidant/antioxidant status of
PD patients undergoing prolonged therapy with
Madopar whose main ingredient is Levodopa. To
achieve the aim of the present research the levels of
ROS products formed in real time and end products
from oxidation of lipids, proteins and nucleic acid
in blood samples isolated from PD patients after
therapy with Madopar (Levodopa) alone and in
combination with vitamin C were examined and
compared.

MATERIALS AND METHODS

All chemicals used in this study were of
analytically grade and purchased from Sigma-
Aldrich Chemie GmbH (Germany). Spin-traps N-
tert-butyl-o-phenylnitrone  (PBN) and 2-(4-
carboxyphenyl)-4,4,5,5-tetramethylimidazole-1-
oxyl-3-oxide (Carboxy-PTIO.K), were purchased
from Sigma Chemical Co, St. Louis, USA. The
ELISA kits for PCC and Oxidative DNA Damage
(8-OHdAG) measurement were purchased from Cell
Biolabs Inc., USA. In our study were included 22
patients hospitalized in the Neurological Clinic of
the University Hospital, Stara Zagora, Bulgaria. All
studied parameters were compared with those of the
20 control healthy individuals. For PD diagnosing
were used the national consensus for PD (medical
history and pathological criteria in the neurological
condition such as tremor, muscular rigidity,
bradykinesia and postural instability), which is in
compliance with the PD society brain bank clinical
diagnostic criteria. The group of selected patients is
homogenous according to the clinical features in
parallel with the disorders of the cognition, mood,
behavior, and mentation, etc. The Unified
Parkinson Disease Rating Scale (UPDRS) was used
for assessment of the PD and the level of
pathological changes was assessed with the
modified scale of Hoehn and Yahr. The patient
capability for everyday activity was assessed
according to the Schwab and England scale.

The PD patients group were treated only with
Madopar (250 mg), containing —Levodopa 200 mg
and Benserazide 50 mg from 2 to 4 years.
Afterwards, the same patients have received both
Madopar (250 mg) and vitamin C (1000 mg) for 2
months. Informed consent was obtained from all
PD patients and healthy volunteers enrolled in this
study, according to the ethical guidelines of the
Helsinki Declaration (1964). Fasting samples of
venous blood were collected in the morning
between 8.00 and 10.00 am. Blood for

determination of MDA, NO+ and ROS products
was collected in tubes containing 10% EDTA
(ethylenediaminetetraacetic acid). Whole blood in a
covered test tube (without anticoagulant) was
collected for determination of PCC, 8-OHdG and
erythrocyte SOD activity. All samples from each
subject were split and run in triplicate.

Ex vivo electron paramagnetic resonance (EPR)
study

EPR measurements were performed at 22°C
temperature on an X-band EMX™c, spectrometer
Bruker, Germany. The experiments were carried
out in triplicate and repeated thrice. Spectral
processing was performed using Bruker WIN-EPR
and Sinfonia software.

Ex vivo evaluation of the levels of ROS products

The ROS levels were determined according to
[10] with modification. To investigate in real time
formation of ROS in the sera of PD patients and
controls ex vivo EPR spectroscopy combined with
PBN as a spin-trapping agent was used.

Ex vivo evaluation of the levels of Asce

Endogenic ascorbic acid can be oxidized by
ROS to a stable ascorbate radical and the latter can
be detected by direct EPR method which does not
interfere with the biochemical processes. The levels
of Asce were studied according to Bailey et al. [11]
with some modification.

Ex vivo evaluation of the levels of *NO radicals

Based on the methods published by Yoshioka et
al. [12] and Yokoyama et al. [13], we developed
and adapted the EPR method for estimation of the
levels of *NO radicals in serum.

Determination of SOD activity in erythrocytes

CuZn-SOD activity was determined as described
by Sun et al. [14] with minor modifications. Results
were expressed as units per g hemoglobin (U/gHb).

Determination of lipid-peroxidation products
(MDA)

Total amount of lipid peroxidation in the plasma
of healthy volunteers and patients was estimated
using the thiobarbituric acid (TBA) method of [15],
by measuring the malondialdehyde (MDA) reactive
products at 532 nm. Results were expressed in
pmol/1.

Protein carbonyl content

PCC was measured by using a commercial
ELISA kit following manufacturer’s instructions.
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Quantity of 8-hydroxy-2'-deoxyguanosine

The measurement of 8-OHdG was carried out
using a commercial ELISA kit, following
manufacturer’s instructions. The kit has an 8-OHdG
detection sensitivity range of 100 pg/mL - 20
ng/mL.

RESULTS

The ROS products (Fig.1) in the sera of PD
patients treated with Madopar was unsignificantly
higher compared to controls (mean 3.47 + 1.17 vs
mean 3.09 £ 0.41, p > 0.05, t-test). The ROS
products in PD patients treated with a combination
of Madopar + vitamin C were less than in the
controls, (average 2.81 + 0.3 versus mean 3.09 +
0.4, p> 0.05 t-test). However, there was a
statistically significant difference between PD
group treated with the combination of Madopar and
vitamin C and PD treated only with Madopar (mean
2.81+0.3 vs. mean 3.47 +1.17, p = 0.001, t-test).
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Fig. 1. Levels of ROS products expressed in arbitrary
units in sera of controls, PD patients with Madopar
therapy and PD patients with combined therapy -
Madopar +vitamin C. (*) p < 0.001 — PD group treated
with Madopar vs controls; (**) p < 0.001 —PD group
treated only with Madopar vs group treated with
Madopar + vitamin C.

Statistically significant increased Asce levels
(Fig. 2) were observed in PD patients treated with
Madopar compared to controls (mean 2.49 x10° +
0.35, vs mean 0.86 x10° + 0.02, p < 0.001, t-test).
Moreover, the Asce levels in PD patients treated
with Madopar +vitamin C did not show statistically
significant difference compared to the controls
(mean 0.99 x 10° £ 0.03, vs mean 0.86 x 10° + 0.02,
p > 0.05, t-test), but there was a statistically
significant difference comparing to patients treated
with Madopar alone (mean 0.99 x 10° + 0.03, vs
mean 2.49 x10° + 0.35, p = 0.001, t-test).

Statistically significant higher NO- levels (Fig.
3) were measured in Madopar-treated patients
compared to controls (mean 4.85 + 0.4, vs mean
26.74 = 1.2, p=0.00, t-test). It should be noted that
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after treatment with Madopar + vitamin C,
statistically significantly lower NOs levels were
found compared to those measured in the same
patients prior to inclusion of vitamin C in the
therapy (mean 26.74 + 1.2, vS mean 14.86 + 0.4,
p=0.00, t-test).
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Fig. 2. Levels of Asc radicals expressed in arb. units
in sera of controls, PD patients with Madopar therapy
and PD patients with combined therapy —Madopar +
vitamin C. (*) p < 0.001 — PD group treated with
Madopar vs controls; (**) p < 0.001 — Madopar treated
PD group vs PD group treated with Madopar + vitamin
C.
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Fig. 3. Levels of NO radicals expressed in arb. units
in sera of controls, PD patients with Madopar therapy
and PD patients with combined therapy —Madopar and
vitamin C. (*) p < 0.001 — PD group treated with
Madopar vs controls; (**) p < 0.001 —PD group treated
only with Madopar vs PD group treated with Madopar +
vitamin C.

SOD activity (Fig. 4) in PD group treated with
Madopar was statistically lower compared to
controls (mean 13.4 x10%t 1.34 U/gHb vs 14.94 x
10 + 1.45 U/gHb, p<0.05, Student’s t-test), as well
as compared to the SOD measured in the same
patients after inclusion of vitamin C (mean 13.4
x10%+ 1.34 U/gHb vs 15.75 x10? + 1.57 U/gHb).
SOD in PD patients measured after inclusion of
vitamin C was close to that of the controls (mean
15.75 %102 + 1.57 U/gHb vs 14.94 x 10% + 1.45
U/gHb, p > 0.05, Student’s t-test).
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Fig. 4. SOD activity in controls, PD patients with
Madopar therapy and PD patients with combined therapy
—Madopar +vitamin C. (*) p <0.0001 PD group treated
only with Madopar vs controls; (**) p < 0.0001 -
Madopar treated PD group vs PD group treated with
combination of Madopar + vitamin C.

MDA levels (Fig. 5) measured in plasma of PD
patients treated with Madopar alone was lower than
the controls (mean 2.45 umol/l = 0.09 vs mean 2.65
umol/l + 0.07, p>0.05, Student’s t-test). MDA
measured in PD patients treated with Madopar +
vitamin C compared to controls (mean 1.94 pmol/l
+0.07, vs 2.65 + 0.07 pmol/l p < 0.0001) and to PD
patients treated only with Madopar (mean 1.94
umol/l £0.07, vs 2.45 pmol/l + 0.09, p< 0.001,
Student’s t-test, respectively) were significantly
reduced.
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Fig. 5. MDA plasma levels in controls, PD patients
with Madopar therapy and PD patients with combined
therapy —Madopar + vitamin C. (*) p <0.0001 - PD
group treated with Madopar + vitamin C. (**) p < 0.0001
- PD group treated with combination Madopar + vitamin
C vs Madopar treated PD group.

PD patients treated with Madopar showed
statistically higher PCC (Fig. 6) compared to
controls (mean 8.02 nmol/mg =+ 0.7, vs 1.26
nmol/mg + 0.13, p = 0.0001, Student’s t-test).
Statistically  significant difference was also
measured in PD patients treated with Madopar
+vitamin C compared to control (mean 5.42
nmol/mg + 0.43, vs 1.26 nmol/mg + 0.13, p =
0.001, Student’s t-test). The patients, undergoing

combined therapy, expressed significantly lower
PCC levels in comparison with Madopar treated
(mean 5.42 nmol/mg + 0.43, vs 8.02 nmol/mg +
0.13, p=0.0001, Student’s t-test).
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Fig. 6. PCC in controls, PD patients with Madopar
therapy and PD patients with combined therapy -
Madopar + vitamin C. (*) p < 0.001-vs controls; (**) p <
0.0001 Madopar treated PD group vs PD group treated
with combination of Madopar + vitamin C.

Significant increase of 8-OHdAG (Fig.7.) levels
was found in PD patients treated with Madopar,
compared to the controls (mean 18.91ng/ml + 0.9
vs 11.03 ng/ml £ 0.6, p < 0.0001, Student’s t-test).
PD patients treated with Madopar + vitamin C were
in contrast compared to controls (mean 16.04 ng/mli
+ 0.8 vs 11.03 ng/ml + 0.6, p < 0.001, Student’s t-
test). The amount of 8-OHdG measured in PD
patients treated with Madopar + vitamin C was
significantly reduced in comparison to Madopar
treated PD patients (mean 16.04 ng/ml + 0.8 vs
18.91 ng/ml £ 0.9, p < 0.001, Student’s t-test).
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Fig. 7. DNA damage, measured as 8-OHdG (ng/ml)
in controls, PD patients with Madopar therapy and PD
patients with combined therapy —Madopar and vitamin
C. (*) p < 0.001-vs controls; (**) p < 0.0001 Madopar
treated PD group vs PD group treated with combination
of Madopar + vitamin C.

DISCUSSION

Investments in drug research and development
have increased in recent decades, but the annual
number of truly innovative new medicines has not
increased accordingly, which creates a problem in
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the pharmaceutical industry to replace the loss of
revenues due to patent expiration [16]. Therapy
with Madopar is still the most efficient method of
PD treatment [17]. Despite evidence that OS has
played a significant role in PD, a good target for
pharmacological management has to be determined.
ROS should be a therapeutic target in PD, this is
necessary to recognize that an antioxidant in
chemical systems may be not an efficient agent in
biological ones. The effectiveness of antioxidants is
probably limited by their bioavailability and the
fact that they would have to be present in high
concentrations to be able to compete with
endogenous targets. Therefore, the current study
was undertaken to clarify the protective effect of
vitamin C against oxidative toxicity of Madopar in
PD patients. The most susceptible biological
macromolecules to oxidative injuries are membrane
lipid, proteins, and DNA. Moreover, in biosystems
guantification of final products of oxidative damage
constitutes indirect evidence of OS as a result of
increased generation of ROS and RNS. The above
mentioned facts prompted us using proper
techniques to explore selected OS parameters such
as Asce, ROS products, NOe, SOD activity and
levels of final products of lipids, proteins and DNA
oxidation in blood of PD patients subjected to
prolonged treatment with Madopar and to evaluate
the effect of vitamin C on the levels of these
parameters after inclusion in the therapy of the
same PD patients. In the course of lipid
peroxidation a variety of unstable radical species
are formed that can be measured [18]. Short-lived
radicals such as ROS formed during in vivo
oxidation can be proved only by EPR spectroscopy
using proper spin traps or spin probes [19,20]. By
using spin  probe CMH  (1-hydroxy-3-
methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine) a
guantitative EPR method was developed to monitor
ROS production in physiological and pathological
conditions. It was found that increased ROS
production corresponded to increased plasma
TBARS and protein carbonyl concentrations in
patients with neurodegenerative disorders such as
Mild Cognitive Impairment, and Amyotrophic
Lateral Sclerosis, comparing to controls [20]. All
changes indicated increased OS are directly related
to an increase in ROS production [20]. The higher
ROS levels in Madopar treated patients in
comparison with controls means that oxidative
processes [21] are available in real time. At present,
Asce is used as an endogenous marker for OS in
biological systems. From the thermodynamic point
of view, the ascorbate ranks at the end of oxidative
radicals series. Obviously, oxidative species as
hydroxyl (+OH); alkylperoxyl (ROO¢), lipidperoxyl
40

(LOOe+), tocoperoxyl (¢TO) radicals and
peroxynitrite  (ONOO™) have a higher redox
potential and can be reduced, thereby generating
Asce radical [22]. In biological systems the
endogenic ascorbic acid, oxidized by ROS to stable
Asce radical possessing comparatively long half-
life, which in aqueous solution and at room
temperature can be readily detected [23].
Significantly increased Asce levels after prolonged
Madopar treatment compared to controls indicate
the presence of ongoing oxidative processes in PD
patients.  Considering the  above-mentioned
thermodynamic order of oxidative species, it is
obvious that the four-fold higher levels of Asce
found in the PD patients versus the controls was a
result of increased OS due to increased generation
of oxidative species having a higher redox potential
than the ascorbate. The consideration was
supported by the higher levels of ROS products and
NOe+ measured in the patient's group compared to
controls.

The increase in the OS due to the low activity of
antioxidant enzymes might cause many secondary
complications and may contribute to the
neurodegeneration in PD [24]. SOD is a scavenging
enzyme and is considered as the first line defense
against ROS overproducing. Various research
groups have investigated OS in blood cells of PD
patients and reported controversial results related to
erythrocyte activities of SOD, CAT and possible
correlation with age, duration and stage of PD [25,
26]. The erythrocyte SOD was decreased only in
treated patients and non-treated PD patients [27].
Our study demonstrated a significant decrease in
erythrocyte SOD activity in Madopar treated PD
patients that corresponds to the increased levels of
ROS in the same group. Moreover, in PD patients
was also established increase in the NO- levels. The
administration of therapeutic agents results in a
greater degree of OS than that induced by the
disease itself [28-30]. The prolonged drug treatment
could lead to further OS and imbalance between
production and elimination of ROS, and could
contribute to different complications during the
course of the PD [16]. Further, to explore how the
increased production of ROS and NO reflects on
the OS in PD patients subjected to prolonged
treatment with Madopar we studied end products of
lipids, proteins and DNA oxidation. Well known is
that oxidative modification of proteins causes in the
greatest extent formation of protein carbonyl
groups, therefore the level of the latter has become
the most commonly used marker for protein
oxidation during OS, aging and neurodegenerative
diseases [31]. In fact, DNA also cannot escape
oxidative attacks and typical example is
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deoxyguanosine that is converted by ROS to 8-
hydroxydeoxyguanosine (8-OHdG), a biomarker of
oxidative DNA damage [32]. MDA level in plasma
of PD patients was insignificantly lower than that
of the controls. Lots of studies reported that at early
stages of Parkinson, plasma MDA level peaked,
while at the late stages of the disease this level even
fell below the controls [33, 34], and established
negative  correlation between plasma lipid
peroxidation and intake of levodopa dose.
Formerly, evidence was provided that levodopa
treatment may cause decrease in plasma lipid
peroxidation. Current result provides additional
evidence that prolonged Madopar (levodopa)
treatment may decrease plasma lipid peroxidation.
Another indirect proof for involvement of ROS in
drug-induced toxicity is the overcome of the OS by
adding typical antioxidants [17, 35]. It is known
that antioxidants are needed to prevent the
formation and oppose the actions of free radicals.
There is evidence that a higher intake of vitamin C
and other antioxidants is associated with reduced
risk of degenerative or chronic diseases, probably
through antioxidant mechanisms [29,36]. Improved
antioxidant status helps to minimize oxidative
damage, and thus can delay or prevent pathological
changes. This suggests the possible utility of
antioxidant-based dietary strategies for lowering the
risk of chronic age-related, free radical-induced
diseases, and their complications. Vitamin C is the
first line of the non -enzymatic antioxidant defense
against oxygen radicals [37]. Overproduction of
free radicals accompanies all neurodegenerative
diseases, and ascorbic acid may block some
processes associated with ROS overproduction
[38]. Water-soluble vitamin C acts as a chain-
breaking antioxidant and in biological systems
scavenges free radicals such as ROS by donating
electrons and thus may prevent other biological
molecules from being oxidized [36]. To check the
possibility ROS to be involved in drug-induced
oxidative toxicity vitamin C was added to Madopar
therapy of the same patients at a dose of 1000 mg
per day for 2 months. We assumed that the
significant decline in ROS levels and bringing them
close to the control group after inclusion of vitamin
C was due to the classic antioxidant that largely
overcomes the ongoing oxidative processes in PD
patients subjected to prolonged treatment with
Madopar. This assumption was additionally
confirmed by the significant decrease in PCC and
8-OHdG sera levels measured in PD patients after
inclusion of vitamin C in their therapy. It should be
emphasized that vitamin C in the tested dosage and
duration of administration successfully overcomes

lipid oxidative toxicity induced by both Levodopa
long-term treatment and the disease, itself.

CONCLUSION

Regardless of a lot of clinical studies. suitable
antioxidants by which effectively to treat
neurodegenerative diseases including PD are not
yet found. We consider that taken together, recently
published results of the present and other authors,
as well as the present survey, launched a promising
opportunity and a new direction in search of
relationship between different oxidative stress
biomarkers in brain tissue and blood of PD patients,
which further might help in developing efficient
antioxidant schemes to find application in treatment
of PD.

Conflict of interests: No conflict of interests to
declare.
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OKCHUIATHUBEH CTPEC 1 CBBbP3AHU C HEI'O BOJIECTU. HACT 2. bOJIECT
HA ITAPKNHCOH

. Hukonosa?, 5. KapaManaKOBal, B. Manuega?, . Manuer?, A. )Kenesa, B. T'amkesal*

11 Kameopa no xumus u 6uoxumus, Meouyuncku gaxynmem, Tpaxuticku ynusepcumem, yi. Apmeiicka 11, 6000 Cmapa
3acopa, Bvreapus
2 Kameodpa no neéponozus u ncuxuampus, Meouyuncku gpaxyrmem, Yuusepcumemcxa 6onnuya, Tpaxuticku
yrusepcumem, yi. Apmeticka 11, 6000 Cmapa 3azopa, bvieapus

[octenuna Ha 15 okromBpu, 2017 r.; npuera Ha 27 HoemBpH, 2017 T.
(Pesrome)

Bonectra Ha [lapkuncon (PD) e mporpecHBHO HEBPOJECTEHEPATHBHO Pa3CTPOMCTBO HA JIBHKEHHUETO, CBBP3AHO ChC
CelleKTHBHA 3aryba Ha HEBPOHM B 00NacTTa Ha CpeaHHMs MO3bBK, HapedeHa Substantia nigra pars compacta.
dapmakonornyHoTo JieueHne Ha PD TpaiuMIMOHHO ce ChCTOM B IpHJaraHe Ha JIEKapCTBAa, BH3CTAHOBSIBALIH
JOIIAMUHEPTHYHOTO BIHMSHUE B OazanHute ranmimu. Ilpe3 BpeMe Ha Ha4yajgHMS eTan Ha OoJsiecTTa, NpHJIaraHeTo Ha
Levodopa mMoxxe 1a 1oBesie 1O 3HAYUTEIHO MOJ00OpeHre Ha CUMNTOMUTE Ha [lapKkHHCOHOBAaTa 00JIECT, HO BIMSHUETO Ha
Levodopa uecto orcrnabBa cie HIKOJIKO TOJMHH HEIPEKbCHATA ymoTpeda W TOBa JIEKAPCTBO YECTO € Hee(hEeKTUBHO B
HanpegHanute craguu Ha PD. Ilenta Ha HAacTOSIIOTO M3CiIeABaHE € Ja CEe OLEHW M CPaBHU OKCHAATHBHUSAT CTATyC B
KpbBTa Ha maimentu ¢ PD, Tpetupanu camo ¢ Madopar, u ¢ komOunanus or Madopar u Buramud C ¢ u3non3BaHe Ha
pa3NMYHU aHAJMTHYHU TEXHHKH. 3a LedTa ca W3cie[BaHHW: 1) HMBaTa Ha MPOJAYKTUTE HA PEAKTUBHU KUCIOPOAHH
Bugose ROS, ackopbatau (Asc®) u NOe pagukann kaTto OHOMapKepH Ha OKCHIATHBHHS CTPEC B PEATHO BpeMe C
nsnon3Bane Ha EPR cnekrpockomnus; 2) OKCHAATHBHHUTE KpaiHU TPOAYKTH Ha mumuay, nporenan 1 DNA, HuBara Ha
manonauanaexus (MDA), usMepenu dpes3 creKTpoOTOMETPHS BbB BUAUMATA OOJIACT, ChABPKAHUETO HA MPOTEUHOB
kapboumn (PCC), a cwpmo u Ha 8-xuapokcu-2'-meokcuryaHosud (8-OHAG), ompenenenu ¢ ELISA Ttect; 3)
eputporurHata SOD akTUBHOCT upe3 crnekTpodoToMeTpusi BbB BUIMMaTa 00JacT Ha KpbB OT nanuentu ¢ PD.
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