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Abstract. A neurodegenerativdisorder caused by oxidative stress leads to an
accumulation ofa-synucleir on neurons. Here, we report our findings on the
effect of rotenoneon the increas of oxidative stress and accumulation cof
synuclein in the midbrain of Wistar rats. Th six male rats (8—9 weeks, 200-
250 g)were divided into three groups: the Blank groug 8olver-rotenone
group (intraperitoneally injected with 1 ml/kg bogheight of sunflower see
oil), and the Rtenone group (intraperitoneally injected with 2.9/ky body
weight of rotenone) for 9, 19, and 28 days. The vegredecapitated on day 10
for the 9day treatment, day 20 for the-day treatment, day 30, 40, 50 and 60
for the 28day treatment (2 ratsioup or 6 rats/day of observation time). The
midbrains were isolated and extracted. Glutathewssay and-synuclein ELISA
tests were performed. The results showed thatubege oxidative stress ind
was highest in the Blank group (0.95 + 0.24, 0.620.23, 0.81 * 0.27,
respectively) Meanwhile,the concentration ai-Synuclein had decreased in all
groups(0.09 + 0.03, 0.15 £ 0.03, and 0.13 + 0.02 ng/nsgue, respectively
Correlation analysis showed that the oxidative sstréndex was inversely
proportional to the concentration af-synuclein. Our conclusion is that the
midbrain of Wistar rats treated with rotenone iatiicl oxidative stress and |

to an accumulation af-synuclein proteir
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1 Introduction

Parkinson’s disease (PD) isneurodegenerativdisorder that leads to clinic
symptoms such as resting tremor, muscle rigiditgdpkinesia and postur
instability [14]. Histopathological characteristics founare cytoplasmic
inclusion bodies insubstantia nigr, called Lewy bodies (LB). The ma
component of Lewy bodies i-synuclein [5-6].
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a-Synuclein is a presynaptic terminal protein tisaam unfolding protein acting
as a molecular chaperone, which could be involvad protein-protein
interactions [7]. A very important clue is the raka-synuclein that interacts
directly in the membrane surface. Thus it is pdssibat a-synuclein is a
regulatory component of vesicular transport pratgim10].

a-Synuclein is a small protein, with a length ofydK0 amino acids and it is
water-soluble. This protein has the structure omanomer that can form
oligomers or fibrils that may become toxic to nexgd10]. The mechanism
triggering the structural transition af-synuclein to form the cytoplasmic
inclusion called LB is still unclear [5,9]. Furthiewestigation is needed.

The change of the-Synuclein structure could be caused by the oxidattress
on the neuron, where the levels of reactive oxyggecies (ROS) exceed the
antioxidant capacity of the cell [11]. Defects ixygen metabolism may
contribute 1% superoxide (€) or hydrogen peroxide of all the oxygen present
in a cell [11-12]. Superoxide stimulates cells toduce nitrogen oxide (NO)
and then react to produce peroxynitrite (ONJ@ strong oxidant that can react
with carbon dioxide (Cg) to produce nitrotyrosine, causing the formatidn o
water insoluble aggregateswfynuclein [12].

Rats as the animal model were given neurotoxinnmie (a natural pesticide
from the rootof Derris sp) in order to generate oxidative stress in tidbrain
for investigating whether it will induce accumugati of a-synuclein in the
neuron. Rotenone is a lipophilic neurotoxin andsthieasily penetrates into the
cell membrane, and is predicted to increase thenaglkation ofa-synuclein
insoluble aggregates. This paper focuses on threlaton between the levels of
the oxidative stress index amesynuclein concentration in the midbrain of the
rats.

2 Materials and Methods
2.1 Materials

Rotenone (R 8875), sunflower seed oil (S5007), DTT®B130), L Glutathione
Reduced (G4251), Glutathione Reductase (G3664), RALN5130) were
purchased from Sigma Aldrich, while Ra#i-Synuclein ELISA Kit
(MBS722815) was purchased from MyBioSource; othdrstances, such as
Phosphate Buffer Saline, pH 7.4, Tris Base andHEG$%, 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 aninoaise Rumah HewanSITH
ITB, the room temperature was maintained at 22-28ith a humidity of
approximately 80%, while the light and dark peri@gse 12/12 hours. The rats
were fed with CP 551 from Charoen Pokphand Indenésod and water were
given ad libitum All experimental procedures were conducted inoetavith
Ethical Clearance from Health Research Ethics CdtemiFaculty of Medicine
UNPAD-dr Hasan Sadikin General Hospital Bandung.

2.3 Methods

Thirty six (36) male Wistar rats, aged 8-9 week®ight 200-250 g were
divided into three groups: (i) the Blank group) {lie Solvent-rotenone group,
and (iii) the Rotenone group. The Blank group was given any treatment,
while the Solvent-rotenone group was injected daiih 1 ml/kg body weight
of sunflower seed oil, and the Rotenone group wamperitoneally injected
daily with 2.5 mg/kg body weight of rotenone. Tla¢srwere weighed daily, and
for the Rotenone group, if rats showed signs ofydedtion, they were given
Ringer lactate subcutaneously. The rats were ditagiand dissected on day
10 for the 9-day treatment, day 20 for the 19-dagttment, day 30, 40, 50 and
60 for the 28-day treatment (2 rats/group or 6/dats of observation). The
midbrain was isolated into cryotubes and immedydt@lzen in liquid nitrogen.

2.4 Protein Isolation

The samples were thawed and transferred into 2 ppleBdrof tubes, then
washed with 160 mg/L heparin in PBS, repeated tvdod then mashed using a
homogenizer. Phosphate buffer (pH 7.0) was addexdtire tubes to reach a
final volume of 2 ml. The tubes were then centrédgat 14.000 rpm for 10
minutes at 4°C. Supernatant was isolated for tla¢yais of reduced glutathione
(GSH) and total glutathione using a Glutathioneasiit [13], and analysis of
a-synuclein using an-synuclein ELISA Kit.

The principle of the GSH assay is measurement efsthifhydril bond/thiol
group with the Sedlak and Linsay method [13]. Tidchacetic acid (TCA) was
added into the supernatant to precipitate the jprofEhe reaction between
Sulfhydril bonds with DTNB/Elman’s reagent will aggr yellow and is
measured through the use of a UV spectrophotometsing a 412 nm
wavelength X). Measurement of total GSH is performed with a ilsim
procedure, completed with glutathione reductaseNtRDPH addition.

Relationship among GSH, GSSG and Total GSH follu formula,
GSH, = GSH + GSSG
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The principle of thea-synuclein assay is as follows: wells are coateth wi
polyclonal antia-synuclein for quantitative measurement. The sasled
buffer are incubated together withsynuclein (HRP) conjugate for one hour
and then decanted and washed five times. After, that wells are incubated
with a substrate for HRP enzyme, and a blue coltrappear. Finally, a stop
solution is added to stop the reaction, and thercwill become yellow. The
intensity of the color is measured with a microplatader 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 gtovao that the effects of the
neurotoxin used in this research could be detezdelg. The body weight of the
Blank group tended to increase with age (FigureThp average body weight
was 264.59 + 17.73 g. The body weight in the Sdlvetenone group and
Rotenone group tended to increase with age, withvenage of 292.19 + 27.52
g and 256.75 + 17.14 g, respectively (Figure 2 kiglire 3). Under normal

conditions, the average body weight of male Wisti#s is approximately 275 g.
In the Blank group, the rats’ body weight was samiio the normal weight; in

the Solvent-rotenone group the weight was highan thormal, whereas in the
Rotenone group the weight was lower than the nokeddht. Sunflower seed
oil caused an increase of body weight, while rotenslightly decreased it [14].
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Figure 1 Rat's body weight in the Blank group tended to éase with age,
with an average of 264.59 + 17.73 g. The line wgijuares indicates the actual
data of the body weight; the straight line is time&r approximation of the body
weight.
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Figure 2 Rat’s body weight in the Solvent-rotenone groupdézhto increase
with age, with an average of 292.19 + 27.52 g. Time with squares indicates
the actual data of the body weight; the straigte Is the linear approximation of
the body weight.
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Figure 3 Rat’s body weight in the Rotenone group tendecdhtoeiase with age,
with an average of 256.75 + 17.14 g. The line weiguares indicates the actual
data of the body weight; the straight line is time&r approximation of the body
weight.

3.2 Reduced Glutathione (GSH)

The GSH concentrations in the midbrain of the ndmats and the treated rats
are shown in Figures 4-5. GSH as an endogenousxatdnt plays a role in
scavenging free radicals such as superoxide, hgdrogeroxide and
proxynitrite. Therefore, the main function of GS#tdé maintain the balance of
redox homeostasis [15]. Based on the observatioe, tthe GSH concentration
tends to increase parallel with age (Figure 1). Wend that the highest
concentration of GSH in the Blank group was on 8ay5.04umol/mg tissue)
with an average of 4.16 + 0.46nol/mg tissue (Figure 4). Meanwhile, in the
Solvent-rotenone group it tended to increase slightith the highest value on
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day 40 (7.12umol/mg tissue) and an average of 4.47 + QuAtIl/mg tissue
(Figure 5). These data indicate that the sunfloseed oil may have delayed the
increase of the GSH. But in the Rotenone group cthrecentration of GSH
tended to decrease, with the highest value on 85%.B6umol/mg tissue) and

an average of 4.44 + 0.@inol/mg tissue (Figure 6). These data show that the
induction of rotenone in the midbrain after 9 daydreatment was responded
by a decrease of GSH. These data also indicatehbatotenone affected the
GSH concentration directly during the 9 days cétineent and caused oxidative
stress in the midbrain.
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Figure 4 The GSH concentration of the rats’ midbrain in tBlEnk group
tended to increase, with the highest GSH conceaoitrain day 30 (5.04mol/mg
tissue) and an average of 4.16 + OutBol/mg tissue.The line with squares
indicates the actual data of the GSH concentratiom;straight line is the linear
approximation of the GSH concentration.
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Figure 5 The GSH concentration of the rats’ midbrain in 8avent-rotenone
group tended to increase, with the highest GSH emnation on day 40 (7.12
umol/mg tissue) and an average of 4.47 + Quitol/mg tissue. The line with
squares indicates the actual data of the GSH ctnadim; 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 Betenone group
tended to decrease, with the highest GSH concenmirain day 10 (6.36
umol/mg tissue) and an average of 4.44 + Quélol/mg tissue. The line with
squares indicates the actual data of the GSH ctnadiem; the straight line is the
linear approximation of the GSH concentration.

3.3  Oxidized Glutathione (GSSG)

The GSSG concentrations in the midbrain of the mbmats and the treated rats
are shown in Figure 7-9. Inside the cells, GSSGemdés are changed into
GSH molecules by glutathione reductase and NADPBHG&GnNnd GSSG are
efficient cellular redox systems [13,15]. If an rease of the GSSG
concentration is not followed by an increase of @&H concentration it means
that the redox system in the cell is disrupted eglts are in an oxidative stress
condition. Based on the observation time, the G8&entration in the Blank
group tended to decrease contrary to the body wdiglgure 1), with the
highest GSSG concentration was on day 20 (@2®l/mg tissue) and an
average of 3.71 = 0.8pmol/mg tissue (Figure 7). However, in the Solvent-
rotenone group the GSSG concentration tended tease, with the highest
value on day 60 (6.08mol/mg tissue) and an average of 2.57 + QuB®I/mg
tissue (Figure 8). Meanwhile, in the Rotenone gréutended to increase, with
the highest value on day 50 (5@&hol/mg tissue) and an average of 3.14 £ 0.94
umol/mg tissue (Figure 9). Under normal conditio®&SSG molecules are
converted into GSH molecules [15], so that the G$Bf&entration decreases
with age. However, sunflower seed oil affecting tBESG concentration is
found in our data; the GSSG concentration increagediually with age.
Rotenone had the same effect on the GSSG condgentrat
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Figure 7 The GSSH concentration of the rat's midbrain in Blank Group
tends to decrease, with the highest GSSH concimtrain day 20 (6.23
pmol/mg tissue) and an average of 3.71 + Qutol/mg tissue. The line with
squares is the actual data of GSSH concentrati@nstraight line is the liniar
approximation of GSSH concentration.
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Figure 8 The GSSH concentration of the rat's midbrain in Sudvent-rotenone

group tended to increase, with the highest GSSHemnation on day 60 (6.08
umol/mg tissue) and an average of 2.57 + Qua®l/mg tissue. The line with
squares is the actual data of GSSH concentratienstraight line is the linear
approximation of GSSH concentration.
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Figure 9 The GSSH concentration of the rat's midbrain in R@enone group
tended to increase, with the highest GSSH cond@reon day 50 (5.81
pmol/mg tissue) and an average of 3.14 + Qufabl/mg tissue. The line with
squares is the actual data of GSSH concentrati@nstraight 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 midbraintleé normal rats and the
treated rats is shown in Figure 10-12. The OSliat® of GSSG to GSH that
describes the oxidative stress conditions in a tklber normal conditions, the
ratio between the GSH concentration and the GSSGerdration is 0.9 to 0.1,
or the oxidative stress index is 0.11 [13, 15, B&jsed on the observation time,
the OSI in the Blank group tended to decrease, thigrhighest value on day 20
(1.60) and an average of 0.95 + 0.24 (Figure 1@weéver, in the Solvent-
rotenone group, it tended to increase, with thédsg value on day 60 (1.43)
and an average of 0.63 + 0.23 (Figure 11). Mearayil the Rotenone group it
tended to increase, with the highest value on day15) and an average of
0.81 + 0.27 (Figure 12). The OSI trends (Figurel2)were proportional to the
GSSG trends (Figure 7-9), and inversely proportitméhe GSH trends (Figure
4-6). As shown in our data, under normal conditidghe OSI of the midbrain
tended to decrease with age, but tended to incrkaséo rotenone or sunflower
seed oil. The rotenone interfered by blocking thechondria complex | [17].
Yet, the sunflower seed oil as solvent interfer@a Though sunflower seed oll
has a high nutritional value, it may have disturtiezfat metabolism.
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Figure 10 The oxidative stress index of the rat's midbrairthia Blank group
tended to decrease, with the highest oxidativesstiedex occurred on day 20
(1.60) and an average of 0.95 + 0.24. The line withares is the actual data of
oxidative stress index; the straight line is thredir approximation of oxidative
stress index.
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Figure 11 The oxidative stress index of the rat's midbraintire Solvent-
rotenone group tended to increase, with the highvadative stress index on day
60 (1.43) and an average of 0.63 + 0.23. The liiik squares is the actual data
of oxidative stress index; the straight line is lihear approximation of oxidative
stress index.
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Figure 12 The oxidative stress index of the rat's midbraintlie Rotenone
group tended to increase, with the highest oxigasivess index on day 50 (1.45)
and an average of 0.81 + 0.27. The line with squasethe actual data of
oxidative stress index; the straight line is theedir approximation of oxidative
stress index.

3.5 a-Synuclein

Thea-synuclein concentration in the midbrain of themal rats and the treated
rats is shown in Figure 13-15. Under normal coondgi the structure od-
synuclein is monomeric, water-soluble and availalplethe cytosol of the
neuron. But under toxic conditions, synuclein becomes aggregate and water-
insoluble [18]. Based on the observation time, dksynuclein concentration in
Blank Group tended to decrease, with the highdsievan day 10 (0.18 ng/mg
tissue) and an average of 0.09 + 0.03 ng/mg tigsSigeire 13). Meanwhile, in
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the Solvent-rotenone group, it tended to decreask,the highest value on day
10 (0.22 ng/mg tissue) and an average of 0.15 3 (FQyure 14). Similarly, in
the Rotenone group, it tended to decrease, withhigkeest value on day 10
(0.17 ng/mg tissue) and an average of 0.13 + Odlthgn tissue. As shown in
our data, in all groups the-synuclein concentration tended to decrease with
age, although under normal conditions it was loilian in the Rotenone group
or the Solvent-rotenone group. Thesynuclein concentration was higher in the
Solvent-rotenone group than in the Rotenone grdbs should be a concern.
Our notion is that changes occurred indhgynuclein solubility.
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Figure 13 The a-synuclein concentration of the rat’s midbrain fre tBlank
group tended to decrease, with the highesynuclein concentration on day 10
(0.18 ng/mg tissue) and an average of 0.09 + Odithg tissue. The line with
squares is the actual data @kynuclein concentration; the straight line is the
linear approximation ofi-synuclein concentration.
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Figure 14 The a-synuclein concentration of the rat's midbrain lie tSolvent-
rotenone group tended to decrease, with the highsghuclein concentration on
day 10 (0.22 ng/mg tissue) and an average of 0.093 ng/mg tissue. The line
with squares is the actual datacskynuclein concentration; the straight line is
the linear approximation af-synuclein concentration.
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Figure 15 Thea-synuclein concentration of the rat's midbrain lie tRotenone
Group tended to decrease, with the highesynuclein concentration on day 10
(0.17 ng/mg tissue) and an average of 0.13 + Odithg tissue. The line with
squares is the actual data @kynuclein concentration; the straight line is the
linear approximation ofi-synuclein concentration.

The correlation between the oxidative stress index the a-synuclein
concentration is shown in Table 1. In the Blankugrcthere was no correlation
between oxidative stress amgsynuclein concentration (r = 0.05, p = 0.87). But
in the Solvent-rotenone and the Rotenone groupse thre negative correlations
(r = -0.54, p = 0.07; r = -0.6, p = 0.03, respadyiy. This means that in the
Rotenone group, the oxidative stress index was e proportional to the-
synuclein concentration.

Table 1 Pearson Correlation between oxidative stress inded the o-
synuclein concentration in the midbrain of the tegsted with rotenone.

Oxidative Stress Index

Pearson Correlation (r) Solvent- Rotenone
Blank Group
rotenone Group Group
0.055
Blank Group (p=0.864)
a-synuclein Solvecr;:;)rl?tenone —0.541
p (p=0.070)
Rotenone Group (;)_:()(5601??5

4 Discussion

GSH is an endogenous antioxidant that is imporf@mnmaintaining the redox
balance in the cells [19]. Its importance is unded by the fact that at the
beginning, numerous diseases are an imbalanceeo€dhtular redox system
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[20]. The mechanism controlling the oxidative streepends on the action of
the enzyme glutathione reductase that reduces whecules of GSH to become
one molecule of GSSG and, vice versa, reduces G8S®aintain the redox
balance in the cell. Thus, when GSSG is abundatitdrcell, it becomes toxic.
In dendritic cell cultures, an imbalance of the medsystem activates p38
mitogen-activated protein kinases (MAPK) and le&dlsapoptosis [21]. In
erythrocytes, an antioxidant decrease leads tmamrease of GSSG and lipid
peroxidation that is used as a biomarker of oxi@aijury [22].

Under normal conditions, body weight tends to iaseewith age (Figure 1),
similar to the GSH concentration (Figure 4), howevé is inversely
proportional to the GSSG concentration (FigureM@anwhile, in the rotenone
treatment group, body weight was slightly down temded to increase with age
(Figure 3). Yet, the GSH concentration tended trelse (Figure 6) inversely
to the GSSG concentration (Figure 9). Based oretdesa, we believe that the
rotenone caused oxidative stress in the midbraitn@frats. This is consistent
with previous research [17, 23-26]. In this resbamwe found that the solvent
used,i.e. sunflower seed oil, also had an effect on the atiwé stress in the
midbrain of the rats (Figure 8). Although sunflowseed oil has a high
nutritional value, it may interfere with fat metdism.

Under normal physiological conditions, up to 1%saoperoxide is formed by
mitochondrial activity [11], but its endogenous iaridants will immediately

neutralize it. In other words, when the redox gystie functional, the free
radicals do not represent a major threat to ths.del our study, the OSI for the
Blank group was the highest of all groups. Thisidates that the OSI is
sensitive and rapidly changes, especially in mibochia and cytosol [27], and
therefore cannot be used to measure the oxidatieesscondition in the neuron
due to rotenone.

The a-synuclein functions in the membrane of presynapgarons and the
reason for its accumulation in cytosol still remaimclear. It is shown by our
data that the-synuclein concentration has the same tendencl graups,i.e.

it is highest on day 10 and tends to decreaseagi¢gh(Figure 13-15). An ELISA
kit (MBS722815) was used to measure dhgynuclein concentration for rat
synuclein, which is a 140 amino acid protein (Uai@P37377); it is a soluble
protein. Thus in our data, thesynuclein concentration measured is water-
soluble protein. In the midbrain of Wistar ratse twater-solubility of thex-
synuclein tended to decrease with age, indicatirag the solubility of theu-
synuclein was disturbed, and an aggregate protey lmve been formed. Our
goal for further research is to determine the comus under which the:-
synuclein aggregates, forms fibrils, and forms plasmic inclusion bodies,
such as the Lewy bodies.
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Our research shows a negative correlation betweeroxidative stress index
and thea-synuclein concentration in the midbrain of the ¥figats treated with

rotenone. This means that the oxidative stressximgl@versely proportional to

the a-synuclein concentration. Thus, the increase oflative stress does not
indicate an accumulation efsynuclein in the cells.

5 Conclusion

In our research, the midbrain of Wistar rats tréatéh rotenone was indicated
under oxidative stress conditions. Water-solutlgynuclein protein tends to
decrease with age; maybe after day d8ynuclein protein-solubility begins to
be disturbed. This indicates accumulatioruedynuclein protein.
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