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The serum level of cystatin C does not predict
dopaminergic cell death in substantia nigra, evidence
from 6-hydroxydopamine-induced animal model of
Parkinson's disease
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Abstract

Introduction: Cystatin C (CysC) is an indicator of renal function, and has been
recently reported that associates with neurodegenerative diseases. To investigate

the role of this substance in Parkinson's disease (PD), we evaluated the association Cysta.tlr? ©

between serum levels of CysC and other markers of renal function with 6- Szl

hydroxydopamine (6-OHDA) induced Parkinsonism in rat. Uizl
Dopamine

Methods: The 6-OHDA was microinjected into the medial forebrain bundle by
stereotaxic surgery. After behavioral tests, immunofluorescence and biochemical
studies were carried out to determine the number of survived dopaminergic (DA)
neurons in the substantia nigra pars compacta (SNc) and striatal dopamine level. The
blood samples were collected from the caudal vain and the heart of animals. CysC
was measured using the enzyme-linked immunosorbent assay (ELISA) kits.
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Results: There was no difference in serum level of CysC between the 6-OHDA
treated and control groups, as well as before and after the toxin in the 6-OHDA group.
Also, no association was found between CysC and DA neuronal death in SNc or

Introduction

Parkinson's disease (PD) is the second most common

striatal dopamine level. In addition, there was no significant difference in serum levels
of creatinine, urea and potassium ions between the control and 6-OHDA treated
groups.

Conclusion: Since the death of DA neurons in SNc is the main pathophysiological
mechanism underlying in the development of both 6-OHDA induced Parkinsonism
and PD in human being, CysC and other markers of renal function cannot reflect
DA neuronal death and accordingly cannot use for early diagnosis of PD.
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neurodegenerative disease after Alzheimer's disease

affecting about 6 million people in the world (Lees

et al., 2009). Since the age of human populations
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Cystatin C does not change in 6-OHDA- induced Parkinsonism

increases progressively, it is predicted that the
prevalence of this disease increases twice in the next
twenty years (Dorsey et al., 2007; Lees et al., 2009).
The most important pathologic feature of PD is the
progressive death of the dopaminergic (DA) neurons
in substantia nigra pars compacta (SNc). The
mechanism of this neuronal death is unknown, but the
mitochondrial dysfunction and oxidative stress play an
important role in the events leading to the DA
neuronal death (Jenner and Olanow, 1996; Dauer and
Przedborski, 2003; Tsang and Chung, 2009; Moon
and Paek, 2015).

Currently, PD is diagnosed by extrapyramidal signs
such as tremor, bradykinesia and rigidity which
appear after the death of more than 70% of DA
neurons in SNc (Jankovic, 2008; Shulman et al.,
2011). Therefore, one strategy for better
management of PD is the early recognition of DA
neuronal death. The early diagnosis can significantly
help us to choose the perfect treatment strategy and
diminish or even reverse the neurodegenerative
processes. One of the method for early detection of
PD is the identification of biomarkers for early
detection of DA neuronal death in SNc. Nevertheless,
identification of biomarker for PD is still in the early
stages and none of the introduced biomarkers were
enrolled in clinical trials so far.

Cystatin C (CysC) is a 120-amino-acid protein
produced by all cells in human being (Dharnidharka
et al., 2002). This protein is a cysteine protease
inhibitor that inhibits catepsines in vitro. A wide range
of biological functions such as effect on growth
progression, inhibition  of  inflammation and
antimicrobial activity have been attributed to this
protease (Lerner and Grubb, 1992; Tavera et al.,
1992; Xiao et al, 2012). In human, CysC was first
identified in the cerebrospinal fluid (CSF), but it has
been shown that it is expressed by all mammalian
cells and released in all body fluids (Bobek and
Levine, 1992; Turk et al., 2008). CysC is freely filtered
by glomerulus in the kidneys, metabolized in the
primary tubule and is a sensitive indicator of renal
function (Dharnidharka et al.,, 2002). It is also a
powerful predictor of heart diseases such as heart
failure and coronary artery disease (Angelidis et al.,
2013). Since it is largely expressed by various cells
and tissues in brain, it is possible that CysC plays
important role in CNS. Some studies have shown that
CysC plays a protective role in neurodegenerative
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diseases (Xu et al., 2005; Gauthier et al., 2011; Yang
et al, 2015; Mathews and Levy, 2016; Zou et al.,
2017). On the other hand, there are evidences
indicating that CysC induces neuronal death in the
human CNS neurons and also in neurons of the
granular layer of dentate gyrus in rat (Nagai et al.,
2005). Also, an association between stroke and CysC
was shown (Pirttila and Pitkdnen, 2006; Ni et al.,
2007; Xiao et al., 2012). In animal models, the level of
CysC in the hippocampus increases after an ischemic
injury (Palm et al., 1995; Pirttila and Pitkanen, 2006).
On the other hand, CysC concentration reduces in the
cerebrospinal fluid in patients with Alzheimer's
disease (Hansson et al, 2009). There are
considerable controversies about the role of CysC in
PD. It showed that no significant difference in CSF
level of CysC between patients with PD and the age-
matched control (Pfikrylova Vranova et al., 2010 and
Yamamoto-Watanabe et al., 2010). On the other
hand, several authors have shown that the serum
level of CysC increases in these patients (Chen et al.,
2015; Hu et al., 2016).

However, epidemiological and human studies have
several limitations. They cannot clarify whether the
association between CysC and PD is merely related
to a pre-existing high level of this substance in
plasma or progressive DA neuronal death produces
dynamic changes in the level of endogenous CysC.
In addition, pharmacological therapy and comorbidity
can increase this confliction. Therefore, in current
study we examined the changes in serum level of
CysC in the 6-hydroxydopamine (6-OHDA) rat model.
In this model, although the behavioral symptoms are
different from the clinical signs of PD in human, but
DA neuronal death occurs in SNc and accordingly the
level of striatal dopamine decreases. Therefore, any
association  between the 6-OHDA  induced
Parkinsonism and serum level of CysC can introduce
this substance as an indicator of DA neuronal death in
SNc and even a biomarker for early diagnosis of PD.
Also, since CysC is an indicator of renal function
(Dharnidharka et al.,, 2002), the serum levels of
creatinine, urea and potassium ions which are other
markers of renal function were assessed to determine
if these markers associate with DA neuronal death in
SNc.

Materials and methods

Animals and experimental groups
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Twenty eight adult male Wistar rats (Razi Institute,
Karaj, Iran), weighing 250-300g were housed in large
cages (38x59x20cm) at a temperature-controlled
colony room under 12h light/12h dark cycle with free
access to tap water and standard food. All
procedures carried out throughout this study were
accordance with the guidelines of animal experiments
of the Research Council at Qazvin University of
Medical Sciences (ethical number: IR.QUMS.REC.
1394.312). Rats were divided into two experimental
groups of control (con) which were not administered
anything and 6-OHDA group, which intracerebrally
received 6-OHDA. Each group consisted of 14 rats.

Materials

Thd 6-OHDA, apomorphine hydrochloride, Hamilton
syringe, ascorbic acid, Triton X-100 and normal goat
serum were purchased from Sigma-Aldrich Co. (St.
Louis, MO). Anti-tyrosine hydroxylase (TH) antibody
and fluorescently labeled rabbit secondary antibodies
were purchased from Abcam Co. (Cambridge, United
Kingdom). Mounting medium was purchased from
Santa Cruz Co. (Heidelberg, Germany), xylazine and
ketamine were purchased from Alfasan Co.
(Nederland). ELISA kits for measurement of CysC
and dopamine were purchased from Hangzhou
Eastbiopharm (USA) and LDN (Nordhorn, Germany)
companies. Other chemicals were purchased from
Merck Co. (Germany).

6-0HDA injection

sarum extraction

blood sampling and
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Surgical procedures

The 6-OHDA was microinjected into medial forebrain
bundle (MFB) of the right hemisphere through a 10pl
Hamilton syringe and using stereotaxic surgery.
Briefly, rats were anesthetized with intraperitoneally
(ip) injection of a solution containing ketamine
(100mg/kg) and xylazine (5mg/kg). Subsequently, 4pl
of isotonic NaCl solution containing 0.2% of ascorbic
acid and 6-OHDA (4ug/ul) was microinjected into two
sites at the following coordinates: anterior-posterior
(AP): -4, lateral (L): -1.8, dorso-ventral (DV): 9 and
AP: -4.4, L: -2, DV: 8.8. AP and L were measured
from bregma, while DV was measured from the
surface of skull according to the atlas of Paxinos and
Watson 2007.

Apomorphine-induced rotational test

Apomorphine induced rotational test was carried out
before the toxin injection and in the third and fifth
weeks after that (Fig. 1) according to the method
we previously described (Haghdoost-Yazdi et al.,
2010, Sarukhani et al., 2018). Briefly, animals were
initially allowed to acclimate for a 5-min followed by
an ip injection of apomorphine hydrochloride
dissolved in saline (0.5mg/kg). One minute later, an
observer was directly counted the number of full
rotations for 30min in a cylindrical container
(diameter: 28cm; height: 38cm). Contralateral (away
from the injection side) and ipsilateral rotations were

immunofluorescence
and hochemcal evaluations
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Fig.1. Experiment design. Only rats showed less than 10 rotations per hour in presurgery apomorphine- induced rotational

test were used for experiments. Rotational test was also carried out at the third and fifth weeks after the 6- OHDA injection.

Blood sampling and serum extractions were carried out at three times: before the toxin and at third and sixth weeks after

that. In sixth week, six rats in each group were perfused and immunofluorescence staining was carried out on the midbrain

sections. The brain of the other rats was freshly removed and separate homogenates were prepared from striatums of both

hemispheres. Striatal dopamine level and CysC concentrations in serum were measured using immunosorbent assay kits.

Numbers show the days after the toxin.
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counted as positive and negative scores,
respectively, and the net number of rotations was
defined as the positive scores minus the negative
ones.

Immunofluorescence experiment

Immunofluorescence experiment was carried out on
tissues of 6 rats from each group. After anesthesia
using ketamine and xylazine, the rats were perfused
transcardially with phosphate-buffered saline (PBS),
followed by 4% paraformaldehyde. Subsequently,
their brains were removed and postfixed overnight in
paraformaldehyde and transferred to 30% sucrose in
PBS at 4°C. The midbrain section was isolated and
frozen in a cryostat embedding medium (Bio- Optica,
Italy) at -22°C. The coronal sections (8um thickness)
were prepared using a cryostat (Histo-Line
Laboratories, Italy). One out of every serial 3 sections
was permeabilized with 0.2% Triton X-100 and
blocked with 10% normal goat serum for 1 hour. The
sections were incubated overnight at 4°C with anti-TH
antibody (1:250) and incubated with proper
fluorescently labeled rabbit secondary antibodies.
Afterwards, the sections were coverslipped using a
mounting medium, which contained 4',6-diamidino- 2-
phenylindole (DAPI) as the nuclear stain. They were
then visualized on an Olympus microscope at 10x
maghnification and sections including the SNc (AP, -
4.8 to -5.2 relative to the bregma) were selected.
Then five sections in each animal were selected from
totally 50 sections which were divided into five series
rostrocaudally. There were at least 5-section intervals
between 2 selected sections. TH-positive cells were
visualized and counted manually using a light
microscope at 400x magnification.

Blood sampling and determination of CysC,
creatinine, urea and K+ concentrations in serum

Blood sampling were performed at three time points:
before the toxin injection and three as well as six
weeks after that (Fig. 1). The first and second
samples were collected from caudal vein and the
third sample was collected from the heart of animals
under the deep anesthesia. Blood was allowed to
coagulate and then serum was separated and kept in
-80°C until to measurement time. CysC was
measured using specific ELISA kit based on its
manufacturer’s instruction. Creatinine, urea and K+
concentrations were measured using Jaffe
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calorimetric, urease and ion selective methods,
respectively.

Dopamine measurement

Dopamine concentrations in the right and left
striatums were measured in eight rats in each group
using Dopamine Research ELISATM kit (BA E-5300,
Nordhorn, Germany) according to manufacturer's
instructions. Briefly, striatal tissues  were
homogenized in HCI (0.01N, 1ml for 50mg tissue)
with EDTA (1mM) and sodium metabisulfite (4mM). In
this condition, dopamine is charged positively and its
solubility reached optimized level. The homogenate
was centrifuged at 15000g at 40C for 15min and the
supernatant was  collected for measuring.
Measurements were performed in 20ul of standards
and diluted samples using a microplate reader set at
450nm and a reference wavelength between 620 and
650nm. The concentration of dopamine in the sample
was calculated according to the six standards from 0
to 90ng. This ELISA kit provides a very sensitive
(lower limits at 0.7ng/ml) approach for measurement
of dopamine.

Statistical analysis

Data were expressed as the meanzSEM, in spite of
the probable non- normality of the distribution of
scores. Data were initially analyzed by the
Kolmogorov-Smirnov test to define their normality.
Then, data between the groups were analyzed by t-
Test. Within the groups, data were subjected to
analysis of variance (one-way ANOVA) followed by
Newman-Keuls test to obtain probable significant
differences between the groups. Statistically
significant differences were considered at a P<0.05.

Results

Plot A in Figure 2 llustrates the findings of
apomorphine-induced rotational test and plot B
illustrates the serum level of CysC in the control
and 6- OHDA treated groups. While the rats in
control group showed no significant rotation, most of
the 6-OHDA treated showed high number of
asymmetric rotations contralateral to injection site.
The number of rotations in the fifth week after the
toxin was significantly higher than that in the third
week (P<0.001). On the other hand, there was no
significant difference in serum CysC level between the
control and 6-OHDA treated groups. In the control
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Fig.2. The 6-OHDA did not change the serum level of CysC. Plot A illustrates the net number of apomorphine-induced
contralateral rotations in the third (1st post-surgery test) and fifth weeks (2nd post-surgery test) after the toxin. Asymmetric
rotational behavior indicated the induction of Parkinsonism in rats. The number of rotations in the fifth week was much higher

than that in the third week. Plot B illustrates the serum concentration of CysC before the toxin and in the third (1st post-surgery

sampling) and sixth (2nd post-surgery sampling) weeks after that in the control (con, n=14) and 6-OHDA treated (n=14) rats.

Administration of toxin and induction of Parkinsonism did not change significantly the serum level of CysC. " P<0.001

compared to the number of rotations in the third week after the toxin.

group before the toxin and in the third and sixth
weeks after that, CysC concentrations were
26.2+0.8, 31+1.9 and 25+2.1 ng/ml, respectively. In
the 6-OHDA group, these values were 26.6%0.8,
27+0.7 and 27.3x0.5 ng/ml. Statistical analysis
indicated no correlation between CysC and severity
of apomorphine-induced rotations in 6-OHDA treated
group (Pearson's correlation coefficient was 0.091,
P<0.55, for third week after the toxin and 0.101,
P<0.44 for sixth week after the toxin).

A careful analysis of the rotational behavior showed
that the intensity of rotational behavior was not the
same among 6-OHDA treated rats and some of them
showed high number of rotations, others showed low
number of rotations and still others showed no
significant rotations. For better examination, we
divided 6-OHDA treated rats into two groups: severe
group (n=8) that showed more than 300 rotations per

hour in one of the post-surgery rotational tests and
mild group (n=6) that showed less than 50 rotations
per hour. Plot A in Figure 3 illustrates the findings of
apomorphine-induced rotational test and plot B
illustrates the serum level of CysC in these groups. In the
severe group and not in the mild group, the number of
rotations in the fifth week was much higher than that
in the third week (P<0.001). On the other hand, there
was no significant difference in the serum level of
CysC between the severe and mild groups. Also, no
significant correlation was found between the severity
of rotations and the serum CysC level in these
groups.

CysC is known as an indicator of renal disorders. In
the current study, we also measured the serum
concentrations of potassium, urea and creatinine,
which increase as a result of renal malfunctions.
Figure 4 illustrates the serum concentrations of these
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Fig.3. There was no significant difference in serum level of CysC between rats with severe and mild behavioral symptoms.

Plot A illustrates the number of apomorphine-induced rotations in the third and fifth weeks after the toxin in the severe

(showed more than 300 rotations in one hour, n=8) and mild (showed less than 50 rotations in one hour, n=6) groups. In contrast

to the mild group, the severity of behavioral symptoms in the severe group in the fifth week after the toxin was significantly

higher than that in the third week. Plot B illustrates the serum level of CysC in the severe and mild groups before the toxin

and in the third and sixth weeks after that. “*/2<0.001 compared to the mild group; =~ £<0.001 compared to the number of

rotations in the third week after the toxin.

substances in control and 6-OHDA treated groups
(upper plots) and also in the severe and mild groups
(lower plots). The concentration of potassium in the
control and 6-OHDA treated groups was 6.07+0.4
and 6.05+0.44 meq/l, respectively. Concentrations of
urea and creatinine in the control group were 64+2.9
and 0.8+0.07 mg/d|, respectively.

These values in the 6-OHDA treated group were
62+1.3 and 0.71+0.03 mg/dl. As you can see, there
was no significant
concentration of these substances between the
control and 6-OHDA treated groups. Similar to CysC,
there was no significant difference in the serum
concentrations of these substances between the
severe and mild groups. The only significant

difference in the serum

difference was the lower concentration of creatinine in
the severe group compared to control group.
Statistical analysis showed that there was no
significant correlation between the severity of
rotations and serum levels of creatinine, urea and
potassium.

Figure 5 illustrates the survival rate of DA neurons
(TH-positive) in the substantia nigra and also the
concentration of dopamine in the striatum. As
photomicrographs show, in severe 6-OHDA treated
rats (Fig. 5B), the survival rate of TH-positive neurons
was very low and 70% of these neurons in the
lesioned hemisphere lost (plot A). On the other hand,
the survival rate of TH-positive neurons was much
higher in rats with mild number of rotations (Fig. 5C).
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Fig.4. The 6-OHDA administration did not change significantly the serum levels of potassium, urea and creatinine. The upper
plots illustrate the serum levels of these substances in the control (con) and 6-OHDA treated groups in the sixth week after
the toxin. The lower plots illustrate the serum levels of these substances in severe and mild groups in this week. “P<0.05

compared to the control group.

In this group, only 40% of the neurons in the
lesioned hemisphere lost. The values of striatal
dopamine level also showed similar results and the
level of dopamine in the lesioned hemisphere was
70% and 30% less than that in intact hemisphere
in severe and mild groups, respectively (plot B).
Statistical analysis showed there was no significant
correlation between  serum level of CysC and
survival rate of DA neurons in SNc and also the
striatal dopamine level (Pearson's Correlation
coefficient 0.0588, P<0.45 between serum CysC
level and number of TH- positive neurons in SNc and
0.132, P<0.19 between serum CysC level and right
striatal dopamine level).

Discussion

In this study, we evaluated the association between
serum levels of CysC and other markers of renal
functions and the intensity of behavioral symptoms of
6-OHDA-induced Parkinsonism in rats. We also
assessed survival rate of DA neurons in SNc and
striatal dopamine level using immunofluorescence and
biochemical techniques. Our data indicate that there is
no association between serum levels of CysC,

creatinine, urea and potassium ions, as well as the
number of rotations in apomorphine-induced
rotational test. Also, no association was observed
between these substances and the DA neuronal
death in SNc or striatal dopamine level.

Various studies showed that change in serum CysC
level is associated with chronic renal disease, urinary
tract infections, cancer, hypertension, cardiovascular
disease, rheumatoid arthritis and aging (Bjornstad et
al.,, 2015; Joshi and Viljoen, 2015; Taal, 2015). The
concentration of CysC in CSF is four to five times
higher than that in the serum (Wilson et al., 2013; Ren
et al, 2015) indicating CysC may have important
physiological and pathophysiological roles in the
brain. In agreement with this, several studies have
described an association between CysC and
neurologic disorders (Simonsen et al., 2007; Tsuiji-
Akimoto et al,, 2009; Haghdoost-Yazdi et al., 2010;
Wilson et al, 2010). There are controversies
regarding the role of this substance in PD. Some
authors reported a positive correlation between PD
and CysC (Prikrylovd Vranova et al, 2010;
Yamamoto-Watanabe et al., 2010) but others showed
no significant association (Chen et al., 2015; Hu et al.,
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Fig.5. Photomicrographs show tyrosine hydroxylase (TH)-positive neurons in the substantia nigra of the lesioned hemisphere

in the control (con, A), severe (B) and mild (C) groups. The survival rate of TH-positive neurons in the severe group was

much less than that in the mild and control groups. Plot A illustrates the ratio of number of TH-positive neurons in the lesioned

hemisphere to the intact hemisphere in these groups. As it has been seen in mild group, although the survival rate was much

higher than that in the severe group, there was still considerable neuronal death in compare to intact side. Plot B illustrates

the ratio of striatal dopamine level in the lesioned hemisphere to the intact hemisphere in these groups. A distinct and

significant difference is observed in the concentration of striatal dopamine in the lesioned hemispheres among the control,

severe and mild groups. SNc: substantia nigra pars compacta, SNr: substantia nigra pars reticulate, VTA: ventral tegmental
area.  P<0.001 and ~/~<0.01 compared to the control group or intact hemisphere. *#/<0.001 and */2<0.01 compared to the

severe group.

2016). Animal studies evaluated more carefully this
association. Xu and her colleagues showed that in rats
two weeks after the injection of 6-OHDA into the MFB
region, the number of CysC immunoreactive cells
increases in striatum and substantia nigra (Xu et al.,
2005). In agreement with this findings, studies on
PC12 cells. showed that 6-OHDA increases
expression and release of CysC in these cells (Lee et
al., 2006). This increase in expression of CysC
immunoreactive cells is in line with the pattern of DA
neurodegeneration in SNc after the injection of 6-

OHDA into MFB region. In acute model of 6-OHDA
induced Parkinsonism, the intensity of DA neuronal
death in SNc in the fifth week after the toxin is higher
than that in the second or third weeks (Sarukhani et
al., 2018). According this, in current study behavioral
tests were performed in the third and fifth weeks after
the toxin and the serum CysC level was measured
before and in the third and sixth weeks after the toxin.
Along with the reported neuronal death pattern, our
findings showed that the number of rotations
significantly increased in function of time and in the
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fifth week after the toxin was significantly higher than
that in the third week. However, our data shows that
the serum level of CysC did not change after the toxin
and no correlation found between this level and
intensity of behavioral symptoms.

Injection of the 6-OHDA into the MFB region results in
the rapid and extensive degeneration of DA neurons
in SNc. Rotational behavior reflects the degree of DA
neuronal death in SNc (Shimohama et al., 2003; Yuan
et al.,, 2005; Sarookhani et al., 2018). However, the
association between DA neuronal death and severity
of rotational behavior is not perfect and it has been
reported that this behavior can only distinct partial and
intensive neuronal death in SNc, and cannot
distinguish moderate death levels. Also, it has been
reported that only rats with severe (>90%) DA
neuronal death show significant rotational behavior
(Yuan et al., 2005). Therefore, for more examination
of the association between the serum level of CysC
and the DA neuronal death, we examined the survival
rate of these neurons in SNc. Also, as PD in humans,
6-OHDA induced Parkinsonism is associated with
degeneration of DA terminals and decreased levels of
dopamine in the striatum. Therefore, the level of
striatal dopamine was also measured.
Immunohistofluorescence examination showed the
extensive DA neuronal loss in the lesioned
hemisphere of 6-OHDA treated rats. The degree of
this neuronal loss in rats with severe behavioral
symptoms was much higher than in that in rats with
mild symptoms. In line with this, striatal dopamine
level in 6-OHDA treated rats was much less than that
in the control group. As DA neuronal survival rate,
there was a roughly negative correlation between
striatal dopamine levels with severity of behavioral
symptoms. Therefore, our findings showed that the
severity of rotational behavior reflects somehow the
degree of DA neuronal loss and reduced level of
striatal dopamine. Accordingly, our data suggest that
the serum level of CysC cannot predict or reflect the
intensity of DA neuronal death of DA in SNc.
Evidences show that in PD in addition to
dopaminergic  system,  other
systems, such as the noradrenergic and
serotoninergic systems, are also damaged (Lindgren
et al., 2014). Disorders in these systems, especially
the noradrenergic system, can produce autonomic
disorders such as constipation (Zhang et al., 2015).
There are also reports describing an association

neurotransmitter
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between PD and renal disorders and uremia (Ali et
al, 1985; Lin et al, 2016). Our previous study
showed that 6-OHDA induced Parkinsonism
associates with the reduction in serum urate level
(Sarukhani et al., 2018). Therefore, administration of
6-OHDA in the brain can cause changes in other
parts of the body and serum. Since CysC is an
indicator of renal disorders, we also measured the
serum levels of creatinine, urea and potassium ions,
which are other indicators of the renal function. It was
reported that the creatinine concentration in CSF of
patients with PD is lower than that of the control
subjects (Agren and Niklasson, 1988; Garseth et al.,
2000; Trupp et al., 2014). On the other hand, Lu et al.
(2014) showed that the creatinine level in the brain of
gold fish treated with MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine), a toxin similar to 6-OHDA
that causes Parkinsonism in mice and primates, is
significantly higher than that in the control group. Our
findings showed that there is no significant difference
in serum creatinine level between the 6-OHDA and
control groups. There was also no significant
difference between the severe and mild groups, but in
the severe group, creatinine level was significantly
lower than that in the control group. As we described
before, severe Parkinsonian rats showed severe DA
neuronal death in SNc. Therefore, even if lower
creatinine level indicate severe degeneration of DA
neurons, it cannot consider as a biomarker for PD,
because the clinical symptoms are also appeared at
this level of neuronal death. On the other hand,
decrease in creatinine level may indicate a change in
energy metabolism (Agren and Niklasson, 1988). It
has been reported that in patients with PD, the CSF
levels of alanine, lactic acid and glucose are reduced,
indicating that the glucose metabolism is affected in
this disease (Ohman and Forsgren, 2015).

Our findings showed that serum levels of urea and
potassium do not change in 6-OHDA induced. Also,
the levels of these two substances did not associate
with the severity of behavioral symptoms, the degree
of DA neuronal death in SNc and striatal dopamine
level. The important point is that a significant change
in the serum concentration of potassium ions can
cause the death by inducing cardiac arrhythmias.
Therefore, only the survival of rats can indicate the
lack of significant changes in potassium ion
concentration. However, this change could be small
and has no physiological or pathophysiological
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demonstrations, but has a diagnostic value. On the
other hand, small changes in the concentration may
not reach a statistically significant level. In this study,
the samples were collected from 14 rats in each group
that allowed even small changes in serum potassium,
as well as urea or creatinine, reach to the significant
level. Therefore, given that the 6-OHDA injection and
the resulting neuronal death did not change the
serum concentration of CysC, creatinine, urea and
potassium, it can be said that 6-OHDA induced
Parkinsonism is not associate with renal disorders.
Therefore, the indicators of renal disorders are not
suitable for the early diagnosis of PD.

The main limitation of this study was the inability to
measure CysC, creatinine, urea and potassium ions
in CSF of rats. It is possible that the level of these
substances in the CSF was a more precise index for
6-OHDA induced Parkinsonism. However, we could
not measure the level of CysC in CSF of rats because
its volume is too small and there are several technical
problems in sampling. However, it has been shown
that there is an association between the CSF level of
CysC and its level in serum. Another limitation was
the small amount of blood sample that can be
collected from the tail of conscious rat. Regarding to
the very small sera volumes, only the CysC level were
measured in samples collected from the tails and the
other three substances were only measured in the
samples collected from the heart.

Conclusion

Our data indicate that there is no association
between serum levels of CysC, creatinine, urea and
potassium ions, and 6-OHDA-induced Parkinsonism
in rats. Although the behavioral symptoms of 6-OHDA
induced Parkinsonism are significantly different from
the clinical signs of PD, the death of the DA neurons
and the reduction in striatal dopamine level are
common in both. Therefore, our data suggests that
CysC is not involve in pathophysiology of PD. Also,
the data shows that DA neuronal cell death does not
change serum level of CysC or produce renal
malfunctions  demonstrating they cannot be
considered as biomarkers for the early diagnosis of
PD.
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