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Abstract. A neurodegenerative 
accumulation of α-synuclein
effect of rotenone on the increase
synuclein in the midbrain of Wistar rats. Thirty
250 g) were divided into three groups: the Blank group, the Solvent
group (intraperitoneally injected with 1 ml/kg body weight of sunflower seed 
oil), and the Rotenone group (intraperitoneally injected with 2.5 mg/kg body 
weight of rotenone) for 9, 19, and 28 days. The rats were 
for the 9-day treatment, day 20 for the 19
for the 28-day treatment (2 rats/gr
midbrains were isolated and extracted. Glutathione assay and α
tests were performed. The results showed that the average oxidative stress index 
was highest in the Blank group (0.95 ± 0.24, 0.63 ± 
respectively). Meanwhile, 
groups (0.09 ± 0.03, 0.15 ± 0.03, and 0.13 ± 0.02 ng/mg tissue, respectively). 
Correlation analysis showed that the oxidative stress index 
proportional to the concentration of α
midbrain of Wistar rats treated with rotenone indicated oxidative stress and led 
to an accumulation of α-synuclein protein.
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1 Introduction 

Parkinson’s disease (PD) is a 
symptoms such as resting tremor, muscle rigidity, bradykinesia and postural 
instability [1-4]. Histopathological characteristics found 
inclusion bodies in substantia nigra
component of Lewy bodies is α
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A neurodegenerative disorder caused by oxidative stress leads to an 
synuclein on neurons. Here, we report our findings on the 
on the increase of oxidative stress and accumulation of α-

synuclein in the midbrain of Wistar rats. Thirty six male rats (8–9 weeks, 200-
were divided into three groups: the Blank group, the Solvent-rotenone 

group (intraperitoneally injected with 1 ml/kg body weight of sunflower seed 
tenone group (intraperitoneally injected with 2.5 mg/kg body 

weight of rotenone) for 9, 19, and 28 days. The rats were decapitated on day 10 
day treatment, day 20 for the 19-day treatment, day 30, 40, 50 and 60 

day treatment (2 rats/group or 6 rats/day of observation time). The 
midbrains were isolated and extracted. Glutathione assay and α-synuclein ELISA 
tests were performed. The results showed that the average oxidative stress index 
was highest in the Blank group (0.95 ± 0.24, 0.63 ± 0.23, 0.81 ± 0.27, 

Meanwhile, the concentration of α-Synuclein had decreased in all 
(0.09 ± 0.03, 0.15 ± 0.03, and 0.13 ± 0.02 ng/mg tissue, respectively). 

Correlation analysis showed that the oxidative stress index was inversely 
ortional to the concentration of α-synuclein. Our conclusion is that the 

midbrain of Wistar rats treated with rotenone indicated oxidative stress and led 
synuclein protein. 

antioxidant; neurodegeneration; oxidative stress; rotenone. 

Parkinson’s disease (PD) is a neurodegenerative disorder that leads to clinical 
symptoms such as resting tremor, muscle rigidity, bradykinesia and postural 

4]. Histopathological characteristics found are cytoplasmic 
substantia nigra, called Lewy bodies (LB). The main 

component of Lewy bodies is α-synuclein [5-6]. 
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α-Synuclein is a presynaptic terminal protein that is an unfolding protein acting 
as a molecular chaperone, which could be involved in protein-protein 
interactions [7]. A very important clue is the role of α-synuclein that interacts 
directly in the membrane surface. Thus it is possible that α-synuclein is a 
regulatory component of vesicular transport proteins [7-10]. 

α-Synuclein is a small protein, with a length of only 140 amino acids and it is 
water-soluble. This protein has the structure of a monomer that can form 
oligomers or fibrils that may become toxic to neurons [10]. The mechanism 
triggering the structural transition of α-synuclein to form the cytoplasmic 
inclusion called LB is still unclear [5,9]. Further investigation is needed. 

The change of the α-Synuclein structure could be caused by the oxidative stress 
on the neuron, where the levels of reactive oxygen species (ROS) exceed the 
antioxidant capacity of the cell [11]. Defects in oxygen metabolism may 
contribute 1% superoxide (O2*) or hydrogen peroxide of all the oxygen present 
in a cell [11-12]. Superoxide stimulates cells to produce nitrogen oxide (NO) 
and then react to produce peroxynitrite (ONOO-), a strong oxidant that can react 
with carbon dioxide (CO2) to produce nitrotyrosine, causing the formation of 
water insoluble aggregates of α-synuclein [12]. 

Rats as the animal model were given neurotoxin rotenone (a natural pesticide 
from the root of Derris sp) in order to generate oxidative stress in the midbrain 
for investigating whether it will induce accumulation of α-synuclein in the 
neuron. Rotenone is a lipophilic neurotoxin and thus it easily penetrates into the 
cell membrane, and is predicted to increase the accumulation of α-synuclein 
insoluble aggregates. This paper focuses on the correlation between the levels of 
the oxidative stress index and α-synuclein concentration in the midbrain of the 
rats.  

2 Materials and Methods  

2.1 Materials 

Rotenone (R 8875), sunflower seed oil (S5007), DTNB (D8130), L Glutathione 
Reduced (G4251), Glutathione Reductase (G3664), NADPH (N5130) were 
purchased from Sigma Aldrich, while Rat α-Synuclein ELISA Kit 
(MBS722815) was purchased from MyBioSource; other substances, such as 
Phosphate Buffer Saline, pH 7.4, Tris Base and Tris HCL, Phosphate buffer, pH 
7.0, and others, were purchased from Merck. 
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2.2 Animals 

Wistar rats were bred and kept alive in an animal house (Rumah Hewan) SITH 
ITB, the room temperature was maintained at 22-28°C with a humidity of 
approximately 80%, while the light and dark periods were 12/12 hours. The rats 
were fed with CP 551 from Charoen Pokphand Indonesia. Food and water were 
given ad libitum. All experimental procedures were conducted in accord with   
Ethical Clearance from Health Research Ethics Committee, Faculty of Medicine 
UNPAD-dr Hasan Sadikin General Hospital Bandung. 

2.3 Methods 

Thirty six (36) male Wistar rats, aged 8-9 weeks, weight 200-250 g were 
divided into three groups: (i) the Blank group, (ii) the Solvent-rotenone group, 
and (iii) the Rotenone group. The Blank group was not given any treatment, 
while the Solvent-rotenone group was injected daily with 1 ml/kg body weight 
of sunflower seed oil, and the Rotenone group was intraperitoneally injected 
daily with 2.5 mg/kg body weight of rotenone. The rats were weighed daily, and 
for the Rotenone group, if rats showed signs of dehydration, they were given 
Ringer lactate subcutaneously. The rats were decapitated and dissected on day 
10 for the 9-day treatment, day 20 for the 19-day treatment, day 30, 40, 50 and 
60 for the 28-day treatment (2 rats/group or 6 rats/day of observation). The 
midbrain was isolated into cryotubes and immediately frozen in liquid nitrogen. 

2.4 Protein Isolation 

The samples were thawed and transferred into 2 ml Eppendrof tubes, then 
washed with 160 mg/L heparin in PBS, repeated twice, and then mashed using a 
homogenizer. Phosphate buffer (pH 7.0) was added into the tubes to reach a 
final volume of 2 ml. The tubes were then centrifuged at 14.000 rpm for 10 
minutes at 4°C. Supernatant was isolated for the analysis of reduced glutathione 
(GSH) and total glutathione using a Glutathione Assay Kit [13], and analysis of 
α-synuclein using an α-synuclein ELISA Kit. 

The principle of the GSH assay is measurement of the sulfhydril bond/thiol 
group with the Sedlak and Linsay method [13]. Trichloroacetic acid (TCA) was 
added into the supernatant to precipitate the protein. The reaction between 
Sulfhydril bonds with DTNB/Elman’s reagent will appear yellow and is 
measured through the use of a UV spectrophotometer, using a 412 nm 
wavelength (λ). Measurement of total GSH is performed with a similar 
procedure, completed with glutathione reductase and NADPH addition.  

Relationship among GSH, GSSG and Total GSH follow this formula,  

 GSH tot = GSH + GSSG 
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The principle of the α-synuclein assay is as follows: wells are coated with 
polyclonal anti α-synuclein for quantitative measurement. The samples and 
buffer are incubated together with α-synuclein (HRP) conjugate for one hour 
and then decanted and washed five times. After that, the wells are incubated 
with a substrate for HRP enzyme, and a blue color will appear. Finally, a stop 
solution is added to stop the reaction, and the color will become yellow. The 
intensity of the color is measured with a microplate reader using a 450 nm 
wavelength.  

2.5 Statistical Analysis 

Data were processed with SPSS version 17. 

3 Results 

3.1 Body Weight 

The rats’ body weight was used for monitoring growth, so that the effects of the 
neurotoxin used in this research could be detected early. The body weight of the 
Blank group tended to increase with age (Figure 1). The average body weight 
was 264.59 ± 17.73 g. The body weight in the Solvent-rotenone group and 
Rotenone group tended to increase with age, with an average of 292.19 ± 27.52 
g and 256.75 ± 17.14 g, respectively (Figure 2 and Figure 3). Under normal 
conditions, the average body weight of male Wistar rats is approximately 275 g. 
In the Blank group, the rats’ body weight was similar to the normal weight; in 
the Solvent-rotenone group the weight was higher than normal, whereas in the 
Rotenone group the weight was lower than the normal weight. Sunflower seed 
oil caused an increase of body weight, while rotenone slightly decreased it [14]. 

 
Figure 1 Rat’s body weight in the Blank group tended to increase with age, 
with an average of 264.59 ± 17.73 g. The line with squares indicates the actual 
data of the body weight; the straight line is the linear approximation of the body 
weight. 
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Figure 2 Rat’s body weight in the Solvent-rotenone group tended to increase 
with age, with an average of 292.19 ± 27.52 g. The line with squares indicates 
the actual data of the body weight; the straight line is the linear approximation of 
the body weight. 

 
Figure 3 Rat’s body weight in the Rotenone group tended to increase with age, 
with an average of 256.75 ± 17.14 g. The line with squares indicates the actual 
data of the body weight; the straight line is the linear approximation of the body 
weight. 

3.2 Reduced Glutathione (GSH) 

The GSH concentrations in the midbrain of the normal rats and the treated rats 
are shown in Figures 4-5. GSH as an endogenous antioxidant plays a role in 
scavenging free radicals such as superoxide, hydrogen peroxide and 
proxynitrite. Therefore, the main function of GSH is to maintain the balance of 
redox homeostasis [15]. Based on the observation time, the GSH concentration 
tends to increase parallel with age (Figure 1). We found that the highest 
concentration of GSH in the Blank group was on day 30 (5.04 µmol/mg tissue) 
with an average of 4.16 ± 0.46 µmol/mg tissue (Figure 4). Meanwhile, in the 
Solvent-rotenone group it tended to increase slightly, with the highest value on 
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day 40 (7.12 µmol/mg tissue) and an average of 4.47 ± 0.76 µmol/mg tissue 
(Figure 5). These data indicate that the sunflower seed oil may have delayed the 
increase of the GSH. But in the Rotenone group the concentration of GSH 
tended to decrease, with the highest value on day 10 (6.36 µmol/mg tissue) and 
an average of 4.44 ± 0.61 µmol/mg tissue (Figure 6). These data show that the 
induction of rotenone in the midbrain after 9 days of treatment was responded 
by a decrease of GSH. These data also indicate that the rotenone affected the 
GSH concentration directly during the 9 days of treatment and caused oxidative 
stress in the midbrain. 

 
Figure 4 The GSH concentration of the rats’ midbrain in the Blank group 
tended to increase, with the highest GSH concentration on day 30 (5.04 µmol/mg 
tissue) and an average of 4.16 ± 0.46 µmol/mg tissue. The line with squares 
indicates the actual data of the GSH concentration; the straight line is the linear 
approximation of the GSH concentration. 

 
Figure 5 The GSH concentration of the rats’ midbrain in the Solvent-rotenone 
group tended to increase, with the highest GSH concentration on day 40 (7.12 
µmol/mg tissue) and an average of 4.47 ± 0.76 µmol/mg tissue. The line with 
squares indicates the actual data of the GSH concentration; the straight line is the 
linear approximation of the GSH concentration. 
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Figure 6 The GSH concentration of the rats’ midbrain in the Rotenone group 
tended to decrease, with the highest GSH concentration on day 10 (6.36 
µmol/mg tissue) and an average of 4.44 ± 0.61 µmol/mg tissue. The line with 
squares indicates the actual data of the GSH concentration; the straight line is the 
linear approximation of the GSH concentration. 

3.3 Oxidized Glutathione (GSSG) 

The GSSG concentrations in the midbrain of the normal rats and the treated rats 
are shown in Figure 7-9. Inside the cells, GSSG molecules are changed into 
GSH molecules by glutathione reductase and NADPH. GSH and GSSG are 
efficient cellular redox systems [13,15]. If an increase of the GSSG 
concentration is not followed by an increase of the GSH concentration it means 
that the redox system in the cell is disrupted and cells are in an oxidative stress 
condition. Based on the observation time, the GSSG concentration in the Blank 
group tended to decrease contrary to the body weight (Figure 1), with the 
highest GSSG concentration was on day 20 (6.23 µmol/mg tissue) and an 
average of 3.71 ± 0.86 µmol/mg tissue (Figure 7). However, in the Solvent-
rotenone group the GSSG concentration tended to increase, with the highest 
value on day 60 (6.08 µmol/mg tissue) and an average of 2.57 ± 0.98 µmol/mg 
tissue (Figure 8). Meanwhile, in the Rotenone group, it tended to increase, with 
the highest value on day 50 (5.81 µmol/mg tissue) and an average of 3.14 ± 0.94 
µmol/mg tissue (Figure 9). Under normal conditions, GSSG molecules are 
converted into GSH molecules [15], so that the GSSG concentration decreases 
with age. However, sunflower seed oil affecting the GSSG concentration is 
found in our data; the GSSG concentration increased gradually with age. 
Rotenone had the same effect on the GSSG concentration. 
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Figure 7 The GSSH concentration of the rat’s midbrain in the Blank Group 
tends to decrease, with the highest GSSH concentration on day 20 (6.23 
µmol/mg tissue) and an average of 3.71 ± 0.86 µmol/mg tissue. The line with 
squares is the actual data of GSSH concentration; the straight line is the liniar 
approximation of GSSH concentration. 

 
Figure 8 The GSSH concentration of the rat’s midbrain in the Solvent-rotenone 
group tended to increase, with the highest GSSH concentration on day 60 (6.08 
µmol/mg tissue) and an average of 2.57 ± 0.98 µmol/mg tissue. The line with 
squares is the actual data of GSSH concentration; the straight line is the linear 
approximation of GSSH concentration. 

 
Figure 9 The GSSH concentration of the rat’s midbrain in the Rotenone group 
tended to increase, with the highest GSSH concentration on day 50 (5.81 
µmol/mg tissue) and an average of 3.14 ± 0.94 µmol/mg tissue. The line with 
squares is the actual data of GSSH concentration; the straight line is the linear 
approximation of GSSH concentration. 
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3.4 Oxidative Stress Index (OSI) 

The oxidative stress index (OSI) in the midbrain of the normal rats and the 
treated rats is shown in Figure 10-12. The OSI is a ratio of GSSG to GSH that 
describes the oxidative stress conditions in a cell. Under normal conditions, the 
ratio between the GSH concentration and the GSSG concentration is 0.9 to 0.1, 
or the oxidative stress index is 0.11 [13, 15, 16]. Based on the observation time, 
the OSI in the Blank group tended to decrease, with the highest value on day 20 
(1.60) and an average of 0.95 ± 0.24 (Figure 10). However, in the Solvent-
rotenone group, it tended to increase, with the highest value on day 60 (1.43) 
and an average of 0.63 ± 0.23 (Figure 11). Meanwhile, in the Rotenone group it 
tended to increase, with the highest value on day 50 (1.45) and an average of 
0.81 ± 0.27 (Figure 12). The OSI trends (Figure 10-12) were proportional to the 
GSSG trends (Figure 7-9), and inversely proportional to the GSH trends (Figure 
4-6). As shown in our data, under normal conditions, the OSI of the midbrain 
tended to decrease with age, but tended to increase due to rotenone or sunflower 
seed oil. The rotenone interfered by blocking the mitochondria complex I [17]. 
Yet, the sunflower seed oil as solvent interfered too. Though sunflower seed oil 
has a high nutritional value, it may have disturbed the fat metabolism.  

 

Figure 10 The oxidative stress index of the rat’s midbrain in the Blank group 
tended to decrease, with the highest oxidative stress index occurred on day 20 
(1.60) and an average of 0.95 ± 0.24. The line with squares is the actual data of 
oxidative stress index; the straight line is the linear approximation of oxidative 
stress index. 
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Figure 11 The oxidative stress index of the rat’s midbrain in the Solvent-
rotenone group tended to increase, with the highest oxidative stress index on day 
60 (1.43) and an average of 0.63 ± 0.23. The line with squares is the actual data 
of oxidative stress index; the straight line is the linear approximation of oxidative 
stress index. 

 

Figure 12 The oxidative stress index of the rat’s midbrain in the Rotenone 
group tended to increase, with the highest oxidative stress index on day 50 (1.45) 
and an average of 0.81 ± 0.27. The line with squares is the actual data of 
oxidative stress index; the straight line is the linear approximation of oxidative 
stress index. 
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the Solvent-rotenone group, it tended to decrease, with the highest value on day 
10 (0.22 ng/mg tissue) and an average of 0.15 ± 0.03 (Figure 14). Similarly, in 
the Rotenone group, it tended to decrease, with the highest value on day 10 
(0.17 ng/mg tissue) and an average of 0.13 ± 0.02 ng/mg tissue. As shown in 
our data, in all groups the α-synuclein concentration tended to decrease with 
age, although under normal conditions it was lower than in the Rotenone group 
or the Solvent-rotenone group. The α-synuclein concentration was higher in the 
Solvent-rotenone group than in the Rotenone group. This should be a concern. 
Our notion is that changes occurred in the α-synuclein solubility. 

 
Figure 13 The α-synuclein concentration of the rat’s midbrain in the Blank 
group tended to decrease, with the highest α-synuclein concentration on day 10 
(0.18 ng/mg tissue) and an average of 0.09 ± 0.03 ng/mg tissue. The line with 
squares is the actual data of α-synuclein concentration; the straight line is the 
linear approximation of α-synuclein concentration. 

 

Figure 14 The α-synuclein concentration of the rat’s midbrain in the Solvent-
rotenone group tended to decrease, with the highest α-synuclein concentration on 
day 10 (0.22 ng/mg tissue) and an average of 0.15 ± 0.03 ng/mg tissue. The line 
with squares is the actual data of α-synuclein concentration; the straight line is 
the linear approximation of α-synuclein concentration. 
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Figure 15 The α-synuclein concentration of the rat’s midbrain in the Rotenone 
Group tended to decrease, with the highest α-synuclein concentration on day 10 
(0.17 ng/mg tissue) and an average of 0.13 ± 0.02 ng/mg tissue. The line with 
squares is the actual data of α-synuclein concentration; the straight line is the 
linear approximation of α-synuclein concentration. 

The correlation between the oxidative stress index and the α-synuclein 
concentration is shown in Table 1. In the Blank group, there was no correlation 
between oxidative stress and α-synuclein concentration (r = 0.05, p = 0.87). But 
in the Solvent-rotenone and the Rotenone groups, there are negative correlations 
(r = –0.54, p = 0.07; r = –0.6, p = 0.03, respectively). This means that in the 
Rotenone group, the oxidative stress index was inversely proportional to the α-
synuclein concentration.  

Table 1 Pearson Correlation between oxidative stress index and the α-
synuclein concentration in the midbrain of the rats treated with rotenone. 

Pearson Correlation (r) 
Oxidative Stress Index 
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rotenone Group 

Rotenone 
Group 

α-synuclein 

Blank Group 
0.055 

(p=0.864) 
  

Solvent-rotenone 
Group 

 
 

–0.541  
(p=0.070) 

 

Rotenone Group   
–0.610 

(p=0.035) 
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[20]. The mechanism controlling the oxidative stress depends on the action of 
the enzyme glutathione reductase that reduces two molecules of GSH to become 
one molecule of GSSG and, vice versa, reduces GSSG to maintain the redox 
balance in the cell. Thus, when GSSG is abundant in the cell, it becomes toxic. 
In dendritic cell cultures, an imbalance of the redox system activates p38 
mitogen-activated protein kinases (MAPK) and leads to apoptosis [21]. In 
erythrocytes, an antioxidant decrease leads to an increase of GSSG and lipid 
peroxidation that is used as a biomarker of oxidative injury [22]. 

Under normal conditions, body weight tends to increase with age (Figure 1), 
similar to the GSH concentration (Figure 4), however, it is inversely 
proportional to the GSSG concentration (Figure 7). Meanwhile, in the rotenone 
treatment group, body weight was slightly down but tended to increase with age 
(Figure 3). Yet, the GSH concentration tended to decrease (Figure 6) inversely 
to the GSSG concentration (Figure 9). Based on these data, we believe that the 
rotenone caused oxidative stress in the midbrain of the rats. This is consistent 
with previous research [17, 23-26]. In this research, we found that the solvent 
used, i.e. sunflower seed oil, also had an effect on the oxidative stress in the 
midbrain of the rats (Figure 8). Although sunflower seed oil has a high 
nutritional value, it may interfere with fat metabolism. 

Under normal physiological conditions, up to 1% of superoxide is formed by 
mitochondrial activity [11], but its endogenous antioxidants will immediately 
neutralize it. In other words, when the redox system is functional, the free 
radicals do not represent a major threat to the cells. In our study, the OSI for the 
Blank group was the highest of all groups. This indicates that the OSI is 
sensitive and rapidly changes, especially in mitochondria and cytosol [27], and 
therefore cannot be used to measure the oxidative stress condition in the neuron 
due to rotenone. 

The α-synuclein functions in the membrane of presynaptic neurons and the 
reason for its accumulation in cytosol still remain unclear. It is shown by our 
data that the α-synuclein concentration has the same tendency in all groups, i.e. 
it is highest on day 10 and tends to decrease with age (Figure 13-15). An ELISA 
kit (MBS722815) was used to measure the α-synuclein concentration for rat α-
synuclein, which is a 140 amino acid protein (Uniprot P37377); it is a soluble 
protein. Thus in our data, the α-synuclein concentration measured is water-
soluble protein. In the midbrain of Wistar rats, the water-solubility of the α-
synuclein tended to decrease with age, indicating that the solubility of the α-
synuclein was disturbed, and an aggregate protein may have been formed. Our 
goal for further research is to determine the conditions under which the α-
synuclein aggregates, forms fibrils, and forms cytoplasmic inclusion bodies, 
such as the Lewy bodies. 
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Our research shows a negative correlation between the oxidative stress index 
and the α-synuclein concentration in the midbrain of the Wistar rats treated with 
rotenone. This means that the oxidative stress index is inversely proportional to 
the α-synuclein concentration. Thus, the increase of oxidative stress does not 
indicate an accumulation of α-synuclein in the cells. 

5 Conclusion  

In our research, the midbrain of Wistar rats treated with rotenone was indicated 
under oxidative stress conditions. Water-soluble α-synuclein protein tends to 
decrease with age; maybe after day 10, α-synuclein protein-solubility begins to 
be disturbed. This indicates accumulation of α-synuclein protein. 
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