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The neuroprotective effects of treadmill exercise on rotenone-treated rat model of Parkinson's disease 
Introduction
      Parkinson's disease (PD) is one of the most common neurodegenerative disorders which is characterized by progressive loss of nigrostraital dopaminergic neurons leading to dopamine depletion and involving problems of movement, emotions and cognition (Yoon and lee,2014). While the pathogenesis of PD is not clear, damage of dopaminergic neurons by oxygen-derived free radicals is considered to be an important contributing mechanism (Kabuto and Yamanushi, 2011). patients with PD have a variety of motor impairments including bradykinesia, resting tremor, rigidity, and postural instability. Although most of the typical motor impairments are due to the loss of nigrostriatal dopaminergic neurons, PD affects multiple neuronal systems both centrally and peripherally, leading to development of non-motor symptoms including affective disorders, memory impairments, autonomic and digestive dysfunctions (Noyce et al., 2012; Dasuri et al., 2013).
      Rotenone is a potent inhibitor of complex I (NADH: ubiquinone oxidoreductase) of the mitochondrial electron transport chain. There is strong epidemiological evidence that chronic rotenone exposure is associated with PD in humans (Kamel, 2013). In rats, rotenone causes a syndrome that replicates both neuropathological findings and behavioral symptoms of PD. Application of low doses of rotenone in vitro and in vivo have been shown to affect many of the mechanisms involved in the pathogenesis of PD, such as altered calcium signaling, induction of oxidative stress and apoptosis, loss of tyrosine hydroxlase, proteasomal dysfunction, nigral iron accumulation and the formation of fibrillar cytoplasmic inclusions that contain ubiquitin and -synuclein(Ferris et al., 2013). In addition, studies have shown that exposure to rotenone induced behavioral and motor deficits, which are similar to human PD, including muscular rigidity (catalepsy), bradykinesia, postural instability, unsteady gait and sleep disturbances(Shimohama et al.,2003). The rotenone rat model of PD would have certain advantages for experimental studies as compared to other models (Bezard et al., 2013). While most of the toxin models result in acute damage of DA neurons, the rotenone model mimics more closely the chronic progression of PD as observed in patients. Additionally, it provides proof of concept that systemic mitochondrial inhibition and impairment can lead to selective vulnerability for nigrostriatal degeneration. Thus, it may allow to examine various molecular and biochemical processes that converge in the final pathology and clinical manifestations of PD (Wrange et al., 2015).  
     
     Physical exercise is currently applied as a behavioral intervention to improve motor symptoms in patients with PD (Lee et al., 2015)). Exercise can improve and alleviate memory loss in elderly(Karmer et al., 2006)),and decrease the risk of developing PD (Cotman and Berchtold,2002).the neuroprotective potentials of exercise is great, but the underlying mechanisms remain a debatable issue. Evidences suggests that exercise neuroprotection is due to its neurotrophic effects (Faherty et al.,2005), as exercise increase the availability of several neurotrophic factor (Aguir et al.,2008; Pattarini et al., 2012). Long-term exercise benefits brain functioning by increasing the blood and oxygen flow to the brain, mobilizing growth factors that promote neurogenesis and synaptic plasticity (Hunsberger et al. 2007), and facilitating performance, e.g., motor or cognitive, through release of neurotransmitters, such as DA, noradrenalin, serotonin and glutamate (Morishima et al. 2006; Waters et al. 2008). some studies have demonstrated the roles of brain derived neurotrophic factor (BDNF) and mitochondrial mediated mechanisms (Um et al., 2008, Real et l.,2012). BDNF is a neurotrophin with widespread expression in the brain, is linked with neurogenesis, neuronal survival and neuroreparation in the brain and CNS ( Numakawa et al. 2010). Physical exercise induces improvements in motor ability and enhances BDNF expression, thereby contributing to neuronal integrity (Macias et al.2009). Physical exercise is associated also with elevations in
hippocampal levels of BDNF(Sung, 2015). 
      Exercise increase the antioxidant status in the striatum of naive animals and protect against neurological oxidative challenges(Cartoni et al,2005,Yongchel et al.,2017). the nuclear factor erythroid derived 2-like 2 (NRF2)- antioxidant response element (ARE) signaling pathway, a major cellular defense mechanism against oxidative stress.  The Nrf2-ARE pathway is strongly involved in anticarcinogenicity, neuroprotection, and anti-inflammatory response (Nguyen et al.,2009). Exercise activate NRF2 in human skeletal muscles (Cartoni et al.,2005) and mouse heart (Muthusamy et al.,2012). The NRF2-ARE signaling pathway appears to be a strong mechanism for exercise induced neuroprotection (Adribal et al.,2016).
The aim of the work
- To evaluate the rotenone as a model of PD in albino rats.
- To evaluate the role of treadmill exercise in albino rats ,in neuroprotection against rotenone induced PD.
- To evaluate the role of NRF2-ARE pathway in the potential neuroprotective effects of exercise in rotenone rat model of PD.
Materials and methods
-Place of the study:  Physiology department, Faculty of medicine, Sohag University. 
-Type of the study: Experimental study.
-Study period: It will take about 4 months (more or less).

Materials
 - 80 adult male rats(8-10weeks), weight (200±10g) ,from Sohag faculty of science. the experiment will be held at physiology department, Sohag faculty of medicine. the rats will be housed in collective cages, with controlled environment at 12:12h dark-light cycle, at 25 C and  50% humidity, animals will be allowed to standard chow diet ad libitum. The study will be approved by Research Ethics Committee considering care and use of laboratory animals.
- Rotenone(95%) from Segma Aldrich desolved in DSMO & migylol 812 N from Segma Aldrich.
The study will be approved by Research Ethics Committee considering care and use of 
laboratory animals
The study will be approved by Research Ethics Committee considering care and use of 
laboratory animals
Methods                
     Eighty rats will be divided randomly into 4 groups (n=20 in each group):
 Group I 
     Twenty rats used as a control group(saline). Rat in this group will receive 1 ml/ kg vehicle i.p. once a day for 14 consecutive days.
Group II 
    Twenty rats used as exercise control group(saline- exercise group). Rats will receive1 ml/ kg vehicle i.p. once a day for 14 consecutive days. Rats in this group will exercise on a running wheel after the last drug injection for 30 minute/day 5 times/week for 4 weeks.
Group III 
    Twenty rats used as rotenone- treated group. Rats in this group will receive 3mg/ kg rotenone in 1ml\kg vehicle i.p. once day for 14 consecutive days and stay sedentary for 4 weeks.
Group IV
     Twenty rats used as rotenone- exercise group. Rats in this group will receive 3mg/ kg rotenone in 1ml\kg vehicle i.p. once day for 14 consecutive days.Rats in this group will exercise on a treadmill after the last drug injection for 30 minute/day 5 times/week for 4 weeks.
 Induction of parkinsonism 
      Rotenone at 3 mg/kg will be injected to rats in the rotenone-injection groups, once a day for 14 consecutive days (Cannon et al., 2009, shin et al.,2007).
Rotenone treatment 
     The rotenone solution will be first prepared as a 50× stock in 100% dimethylsulfoxide (DMSO) and diluted in medium-chain triglyceride, Miglyol 812 N to obtain a final concentration of 3.0 mg/mL rotenone in 98% Miglyol 812 N, 2% DMSO. Vortexing the solution creates a stable emulsion of the DMSO containing rotenone and Miglyol 812N. The solution will be made fresh 2-3 times/week and stored in an amber septa vial protected from light and inverted several times before each injection to eliminate the possibility of settling. The solution will be administered at 1 mL/kg.  control animals will receive the vehicle only(Cannon et al., 2009). 
Exercise protocol
     After the last drug injection, mice in exercise groups(GII &GIV),will be allowed to treadmill exercise for 30 min/day, at a speed of up to 12 m/min , 5 times/weeks for 4 weeks (Shin et al., 2016) . 
Behavioral tests
      Tests will be performed  before and after rotenone treatment.
 Open-field test (OFT). 
     The Open Field is a circular arena with a diameter of 100cm with walls 30 cm high. The floor is divided up into quarters with a central circle of 33cm diameter in the middle of the arena. Normal laboratory up lighting is required. Animals are brought into behavioral room(with experimental lights on and doors shut) at  least 30 min before the beginning of the experiment. Video camera recording is started, Subject identified  with white board placed in front of camera for 3 secs. Then the rat is gently  placed  in the centre of the open field. Each trial lasts for 10 minutes. At the end of each  trial, the arena will be thoroughly cleaned with 70% alcohol solution, and dried with paper toweling.To assess spontaneous locomotion we measure : the distance moved, time spent moving, rearing, and change in activity over time for each animal (Walsh and Commins 1976).

Object recognition test (ORT).
     Rats are placed in an open box (similar to OFT) in order to evaluate the preference for a novel object, where the short-term memory (STM) and long-term memory (LTM)could be assayed. The ORT will be performed as described by Ennaceur and Delacour (1988). Four objects will be used: A1, A2, B and C. All objects were made of plastic material, with10 cm - 10 cm (length _ height). Each object had the pattern of color, as follows: blue, red and yellow. Twenty-four hours after habituation, training was conducted by placing each individual rat for 5 min into the field, in which two identical objects (objects A1 and A2) were positioned in two adjacent corners, 10 cm from the walls. In a STM test given 1.5 h after training, the rats explore the open field for 5 min in the presence of one familiar (A) and one novel (B) object. All objects present similar textures, colors, and sizes, but distinctive shapes. Between trials the objects will be washed with 10% ethanol solution. In a LTM test given 24 h after training, the same rat explore the field for 5 min in the presence of a familiar object A and a novel object C.

Foot print test
     for assessing gait and locomotor activity. The fore and hind paws are painted with non-toxic dyes of different colors. The mice are then allowed to walk along a runway into an enclosed box, leaving their footprints on paper (Motamed et al., 2017).

Rotarod test.
     To assess the motor coordination of the animals, we will used an accelerating Rotarod . The Rotarod consisted of a suspended rod, accelerating for 60 s from 5 rounds per minute (RPM) to 15 RPM and continuing at that speed for a further 60 s. A trial was stopped when the rat fell off the Rotarod or after the complete 120 s. The mean of three trials was taken. Prior to the chronic injections, the rats were trained for five days to perform the test and a baseline was established(Wrangel et al., 2015)

Forced swim test (FST) FST
     In order to measure depression, rats will be placed individually in water, in the FST cylinder (12 cm in diameter, filled with 25 cm water depth). Water temperature was adjusted within thermoneutral range (at 31 ± 1 °C) of rodents. The duration of immobility within a 6-min session was recorded as immobility score. The first 2 min of the test were omitted from calculations. Analysis was performed offline by an experienced observer blinded to experimental groups (Kim et al., 2012, Mahmoud et al., 2016).

Biochemical assays
     After the exercise program, sedentary and exercised animals will be euthanized by cervical dislocation, the whole brain removed and the striatum dissected for biochemical assays.

Mitochondrial Complex I Activity, MPP? and Rotenone

     In order to determine the intensity of exercise, quadriceps femoralis muscle and whole brain will be homogenized in 10 volumes of potassium phosphate 4.4 mM buffer pH 7.4, containing 0.3 M sucrose, 5 mM MOPS, 1 mM EGTA and 0.1 % BSA. The homogenates are centrifuged at 30009g for 10 min at 4 C. The pellet will be discarded and the supernatants are centrifuged at 17,0009g for 10 min at 4 _C. The obtained pellet was dissolved in the same buffer to obtain mitochondria-rich fraction. Isolated brain mitochondria (2 mg protein/mL) are treated with 1-methyl-4-phenylpyridinium (MPP?) HCl (0.5 and 2.5 mM) and rotenone(2.5 mM) for 90 min. NADH dehydrogenase activity is measured by rate of NADH-dependent ferricyanide reduction at 420 nm (1 mM-1 9 cm-1)(Lowry et al.,1951).
Tyrosine hydroxylase (TH) measurement in straitum
      After incubation of straitum samples ,centrifuged at 1,000g for 5 min, washed 3 times with PBS and centrifuged at 1,000g for 5 min. About 1.0 9 107 cells will be lysed in 1 ml PBS containing 0.5% Triton X-100. After sonication in ice (20 s), cell extracts will be clarified by centrifugation at 10,000g for 15 min at 4C. Reaction mixture (3 ml, freshly prepared) composed of cell lysate, 0.1% L-DOPA, and 0.1 MPBS (pH 6.8)  kept in ice. The mixture will be then incubated at 37C for 1 h for assay of DOPA chrome by spectrophotometry at 475 nm (Mahmoud et al.,2010). 
Quantitative Reverse Transcription-PCR (RT-qPCR)

     Total RNA will be prepared from dissected, snap-frozen striatum and cDNA will be generated by reverse transcription. Primers for Nrf2, NDUFA6, TFAM and housekeeping β-actin will be designed using Primer-BLAST tool, Real-time PCR will be realized using the SYBR- Green Quantitative RT-PCR Kit and an ABI Prism 7900 HT Sequence Detection System. The relative transcription level of each gene will be calculated using the 2-DDCt method. The mean of the results will be obtained after the 2-DDCt calculations of cDNA for each sample in duplicate, and the relative transcription levels is expressed as relative RNA levels.

statistical analysis
     Results will be presented as means± S.E.M. Comparisons between experimental and control groups will be performed by one-way or two-way analysis of variance (ANOVA) or student T test. The collected data will be statistically analyzed using Statistical Package Social Science (SPSS) version 16. P<0.05 will be considered statistically significant.

Tentative timetable
	For rats to accommodate thier new house
	4 weeks

	For induction of PD by rotenone
	2 weeks

	For performing the study 
	10-12 weeks

	For collecting data 
	4 weeks
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