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            Abstract

            
               
Introduction: It is learnt that Parkinson’s disease has no specific standard treatment, without side effects. Hence, it is very essential
                  to discover a natural therapy which promises less or minimum side effects in delaying or preventing Parkinson’s disease (PD).
               

               Objective: This study was taken-up to demonstrate the effectiveness of caloric vestibular stimulation on the brain neurochemicals in
                  rotenone induced mouse model of Parkinson's disease.
               

               Materials and Methods: T he study included 24 healthy and adult male Swiss albino mice . Their body weight was between 25 - 40g . Mice were randomly
                  divided into four groups, wherein each group was containing 6 rats. Cold water treatment was used in the study as specified
                  in literature as hot water (40 o C) causes irritation in the middle ear cavity of the mice. The following neurotransmitters like Acetylcholine, serotonin,
                  dopamine and GABA were estimated by using kit method procured from Sigma Chemical Co.
               

               Results: The results of the study suggest a positive impact of vestibular stimulation in Parkinson’s disease management.
               

               Conclusion: The study results are in accordance to the earlier studies showing a positive impact of vestibular stimulation on the brain
                  neuro -transmitters in rotenone induced mouse model of Parkinson's disease. Therefore, the study demands further research
                  to learn the mechanism of action of vestibular stimulation in the management of Parkinson’s disease.
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               Introduction

            Though the exact cause for the Parkinson’s disease is not clear yet, but considered as the second common est disease causing
               the motor function impairment. Parkinson disease affects approximately 1% of the population among the age group of 65 years,
               wherein at about 85 years of age the increase is up to 4% to 5% of the specific population.1  As there is no standard treatment for the disease without any side effects,2  it is essential to find out a natural therapy with minimum or less side effects to delay or in preventing Parkinson’s disease
               (PD). This study is importance as Parkinson’s disease (PD) burdens an increasing number of our nation's elders and their families.
               Vestibular stimulation is known to modulate cognitive processing, enhance learning and spatial memory.3  Interestingly, vestibular dysfunction is more prevalent in Parkinson’s disease.4   Earlier studies reported the existence of connections between the vestibular system and basal ganglia.5   Implementation of noisy and galvanic vestibular stimulation may show an improvement in the motor deficits of PD.6  So vestibular stimulation may be considered as a neuro - physiological approach and a palliative therapy for cognitive impairment
               and motor dysfunctions in Parkinson’s disease. Hence, vestibular stimulation can be idea l method of application on the aged
               Parkinson’s patients possessing no side effects.7  The ideal and most effective type of vestibular stimulation in Parkinson’s disease could be identified by applying different
               types of vestibular stimulation in rat PD model and studying the cognitive, behavioral and neurodegenerative changes. Our
               extensive review of literature has shown that till date no studies related to vestibular stimulation in India exists, as a
               mode of treatment for Parkinson’s disease. Our preliminary studies had clearly shown vestibular stimulati on to be effective
               in learning, cognition, verbal and spatial memory, both in humans and in animal studies. Hence, this study was taken-up to
               learn the effectiveness of caloric vestibular stimulation on brain neurochemicals in rotenone induced mouse model of Parkinson's
               disease.
            

         

         
               
               Materials and
                M
               ethods
               
            

            
                  Animals

               The study included 24 healthy and adult male Swiss albino mice. Their body weight was between 25 - 40g. Standard laboratory
                  conditions were provided to m ice with required food and water adlibitum. The study was conducted according to the guidelines
                  of T he Indian National Science Academy. The same was used for data management and interpretation and all efforts were made
                  to reduce the animal number and their suffering.
               

               Mice were randomly divided into four groups.

               Group 1 (n=6): Control mice - olive oil (1.0 mL/Kg b.w) as vehicle i.p for 30 days daily.
               

               Group 2 (n=6): PD mice – rotenone (3 mg/kg b.w) i.p for 30 days daily.
               

               Group 3 (n=6): Hot water vestibular stimulation group- rotenone (3 mg/kg b.w) i.p daily and hot water vestibular stimulation on alternate days for a period of 30 days.
               

               Group 4 (n=6): Cold water vestibular stimulation group- rotenone (3 mg/kg b.w) i.p daily and cold water vestibular stimulation on alternate days for a period of 30 days.
               

            

            
                  Caloric vestibular stimulation

               The middle ear cavity of the mice was irrigated with hot water (40 o C) and cold water as specified in literature. 0.5 ml of water was taken in 5 ml syringe with the needle removed. The ear
                  was irrigated with water drop by drop, using the syringe. Gently the earlobe of mice was shaken. The procedure was continued
                  with the other ear.8 
               

            

            
                  Outcome measures: Estimation of brain neurotransmitters

               After 30 days of the experimental period, the animals were fasted overnight and sacrificed by cervical decapitation. The brains
                  were excised immediately and the brain tissue was homogenized in ice-cold n- butanol solution and used for estimation of biochemical
                  parameters. All the test protocols were carried out between 10:00 am to 12:00 pm. Acetylcholine, dopamine, serotonin and GA
                  BA were estimated by using kits, purchased from Sigma Chemical Co.
               

            

            
                  Estimation of reduced glutathione (GSH)

               GSH was estimated by the method explained by Moron et al. which is a standard method.9 
               

            

            
                  Study setting

               The study was conducted at Little Flower Medical Research Centre, Angamaly, Kerala, India.

            

            
                  Ethical consideration

               The study got the approval from the institutional animal ethical committee of Little Flower Medical Research Centre, Angamaly
                  , Kerala, India.
               

            

            
                  Data analysis

               Data analysis was done by applying SPSS 20.0 version. The significance of the difference between the groups was observed by
                  using One way ANOVA followed by Tukey HSD post hoc test. Probability value <0.05 was considered to be significant.
               

            

         

         
               Results

            Group 2 and 3 had showed a significant increase (P<0.001) in the levels of acetyl choline, when compared with group 1 (control).
               Wherein, there was no significant difference in the levels of acetylcholine between the groups 4 and 1. There was a significantly
               low levels of acetyl choline was notices in group 3 and 4 in comparison to group 2 (P<0.001). The levels of acetyl choline
               was significantly low er than group 3 in group 4 (P<0.001). The levels of dopamine showed a significant decreased (P<0.001)
               in group 2 , 3, 4 than group 1. The levels of dopamine levels showed significant increase in group 3 and 4 when compared to
               group 2 (P<0.001). W hen compared with group 3 the Dopamine levels in group 4 showed a significant increase P<0.001). The
               groups 2, 3 and 4 showed a significantly higher Serotonin levels (P<0.001) when compared with group 1. The Serotonin levels
               in group 3 are lower when compared to group 2, which was not statistically significant. There was a significantly lower levels
               of Serotonin in group 4 when compared to group 2 (P<0.001). The Glutamate levels showed a significant decrease in group 2
               (p<0.001) and 3 (P<0.001) when compared with group 1. Glutamate levels showed a significant increase in group 4 when compared
               with group 1. There was a significant increase in Glutamate levels in group 3 and 4 when compared to group 2 (P<0.001). Group
               4 showed a significant increase in the Glutamate levels when compared to group 2 (P<0.001). There showed a significant increase
               in the GABA levels of group 2 (P<0.001), 3 (P<0.001) and 4(P<0.001). The GABA levels of group 3 and 4 showed a significant
               decrease (P<0.001) when compared to group 2. The GABA levels of group 4 was significantly higher (P<0.01) when compared to
               group 3.
            

            
                  
                     
                        
                           	
                              Groups
                        
                        	
                              Group 1
                        
                        	
                              Group 2
                        
                        	
                              Group 3
                        
                        	
                              Group 4
                        
                        	
                              F value
                        
                     

                     
                           	
                              ACH (mole/minute/mg tissue)
                        
                        	
                              0.0863± 0.003508
                        
                        	
                              0.129± 0.00646
                        
                        	
                              0.1033± 0.00830
                        
                        	
                              0.08133± 0.002431
                        
                        	
                              86.1953
                        
                     

                     
                           	
                              Dopamine (ng/g tissue)
                        
                        	
                              0.1858± 0.0045643
                        
                        	
                              0.1259± 0.002446
                        
                        	
                              0.1404± 0.001898
                        
                        	
                              0.1611± 0.001570
                        
                        	
                              494.9078
                        
                     

                     
                           	
                              Serotonin (ng/g tissue)
                        
                        	
                              0.1254± 0.003724
                        
                        	
                              0.1608± 0.002318
                        
                        	
                              0.1516± 0.00591
                        
                        	
                              0.1364± 0.00140
                        
                        	
                              105.8853
                        
                     

                     
                           	
                              Glutamate (ng/g tissue)
                        
                        	
                              0.2147± 0.006626
                        
                        	
                              0.16267± 0.01036
                        
                        	
                              0.1943± 0.007139
                        
                        	
                              0.282± 0.01030
                        
                        	
                              198.4111
                        
                     

                     
                           	
                              GABA ( ng/g tissue)
                        
                        	
                              0.1540± 0.00228
                        
                        	
                              0.205± 0.007522
                        
                        	
                              0.1318± 0.002300
                        
                        	
                              0.1412± 0.00578
                        
                        	
                              254.2808
                        
                     

                  
               

               
                  Table 1

                  Brain neurotransmitter levels in control and intervention groups

               

               

            

         

         
               Discussion

            The study was conducted to learn the effectiveness of caloric vestibular stimulation on brain neurochemicals in rotenone induced
               mouse model in Parkinson's disease. Positive impact of vestibular stimulation was observed on the neuro-transmitters. Vestibular
               dysfunction, which is associated with risk of falling, was observed in both Parkinsonian patients and atypical Parkinson’s
               disease. The Galvanic vestibular stimulation (GVS) is learnt to activate the vestibular afferents and these changes in the
               vestibular input exert s strong influence on the standing balance and posture of the subject. GVS activates extrapyramidal
               structures such as basal ganglia, limbic system, pedunculopontine nucleus, spinal cord through the vestibular nerves. These
               leads to an increase in the axial motor function and further improve the postural instability of the subject.9   Parkinsonian patients there was a prevalence of tremor, dizziness, tinnitus, gait unbalance and falls. Alteration was observed
               in the peripheral vestibular system and the caloric test.10  In Parkinson’s disease postural sensory integration is controlled by pedunculopontine nucleus- thalamic, not the cortical
               cholinergic innervations. Impairment of this section and their thalamic efferents causes postural instability in Parkinsonian
               patients.11   Binaural galvanic vestibular stimulation (GVS) learnt to improve the anterior bending angle in the patients with Parkinson’s
               disease.12  12 Vestibular nuclei excitability was reduced in Parkinsonian patients which can be modulated by inducing DOPA.13   We noticed an impairment in the processing of vestibular information in Parkinsonian patients those affected by the lateral
               trunk flexion. This impairment was partially responsible for the abnormality in patients' posture.14   Frontal-basal ganglionic and frontal-parietal systems dysfunction affects visual and spatial abilities in Parkinson’s disease.15  

            Earlier studies suggested that, vestibular stimulation may be considered as a natural method of treatment for treating Parkinson’s
               disease.16   India has low prevalence of PD yet very good at research performance in PD and possess 16th rank in global context, in the year 2002-2011.17  Depression, anxiety, anhedonia, psychosis, cognitive disorders, apathy, suicidal behavior are common in Parkinson’s disease.18  Patients with early PD performed significantly worse in the tasks involving memory, executive functions, and attention.19  It was observed that PD patients when compared with normal subjects showed delay in switching of the saccade from one target
               to another, proving that the basal ganglia are not just involved in the somatomotor loop but also are involved in the occulomotor
               loop of the frontal sub cortical circuit.20  Increased speech impairment, restless leg syndrome (RLS),21  impulse control disorders,22  both obstructive and restrictive patterns of respiratory dysfunction were very common in PD.23  The decrease in the response of blood pressure and heart rate to the autonomic stimulation reveals the presence of cardiac
               autonomic dysfunction in PD patients.24   It was reported that the reduction in the combined effect of the muscle strength, decreases visual sense, proprioception
               and narrow base support leading to the imbalance in PD.25  Ayurvedic treatment like panchakarma (cleansing or eliminating therapy) followed by a mixture of cow's milk,  Withania somnifera,
               Hyoscyamus reticulatus seeds, Mucuna pruriens and the roots of Sida cordifolia were usefed to improve the daily activities
               of the patients with PD.26  It was also learnt that a exercises with a systematic program can improve the UPDRS scores, daily activities and also gait
               of PD patients.27 The wireless vibratory feedback system called as PD shoe and partial weight supported treadmill gait training (PWSTT) like
               physical therapies were effective in treating difficult symptoms of PD like freezing and gait disturbances.28 
            

            Vestibular System plays a vital role in everyday life, contributing to a surprising range of functions from reflexes to the
               highest levels of perception and consciousness. Vestibular stimulation is known to be one of the most popular and newest therapies
               used to treat the developmentally delayed children. The extensive preliminary studies ha d shown that the application of controlled
               vestibular stimulation by using swing not just serves as an intervention for the learning disability but can also to relieve
               cancer pain, stress, promotes sleep, improves immunity and treats endocrine disorders.29   Cold water vestibular stimulation suppresses the stress induced changes in immunological parameters in Wistar albino rats.30   Hot and cold vestibular stimulations are beneficial in maintaining lipid profile of Wistar albino rats. 31  Hot water caloric vestibular stimulation improves cognition in scopolamine induced partial amnesia Wistar albino rats.32 
            

         

         
               Conclusion

            The results of the study suggest that there is a positive impact of vestibular stimulation and can be used in the management
               of the Parkinso’s disease. There is a need for the extensive research in this area to understand the mechanism of action of
               the vestibular stimulation used in the management of PD.
            

         

         
               Conflicts of interest

            None.

         

         
               
               Source of funding
               
            

            Self-funding.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Dawson, Ted M & Dawson, Valina L,  (2003). Rare genetic mutations shed light on the pathogenesis of Parkinson disease. J Clin Investig, 111(2), 145-151. 10.1172/jci200317575

                  

                  
                     
                        2 
                              

                     

                     Smith, Paul F., Darlington, Cynthia. L. & Zheng, Yiwen,  (2009). Move it or lose it-Is stimulation of the vestibular system necessary for normal spatial memory? Hippocampus, 20(1), 36-43. 10.1002/hipo.20588

                  

                  
                     
                        3 
                              

                     

                     Kataoka, Hiroshi, Okada, Yohei, Kiriyama, Takao, Kita, Yorihiro, Nakamura, Junji & Morioka, Shu,  (2015). Can Postural Instability Respond to Galvanic Vestibular Stimulation in Patients with Parkinson’s Disease? J Mov Disord, 9(1), 40-43. 10.14802/jmd.15030

                  

                  
                     
                        4 
                              

                     

                     Venhovens, J., Meulstee, J., Bloem, B. R. & Verhagen, W. I. M.,  (2016). Neurovestibular analysis and falls in Parkinson's disease and atypical parkinsonism. Eur J Neurosci, 43(12), 1636-1646. 10.1111/ejn.13253

                  

                  
                     
                        5 
                              

                     

                     Stiles, L & Smith, P F,  (2009). The vestibular-basal ganglia connection: balancing motor control. Brain Res, 1597, 180-188.
                     

                  

                  
                     
                        6 
                              

                     

                     Pan, W., Soma, R., Kwak, S. & Yamamoto, Y.,  (2008). Improvement of motor functions by noisy vestibular stimulation in central neurodegenerative disorders. J Neurol, 255(11), 1657-1661. 10.1007/s00415-008-0950-3

                  

                  
                     
                        7 
                              

                     

                     Horowitz, Seth S., Blanchard, Jane H. & Morin, Lawrence P.,  (2004). Intergeniculate leaflet and ventral lateral geniculate nucleus afferent connections: An anatomical substrate for
                        functional input from the vestibulo-visuomotor system. J Comp Neurol, 474(2), 227-245. 10.1002/cne.20125

                  

                  
                     
                        8 
                              

                     

                     SMoron, M, Depierre, J W & Mannervik, B,  (1979). Levels of glutathione, glutathione reductase and glutathione S-transferase activities in rat lung and liver. Biochim Biophys Acta , 582, 67-78. 10.1016/0304-4165(79)90289-7

                  

                  
                     
                        9 
                              

                     

                     Kataoka, Hiroshi, Okada, Yohei, Kiriyama, Takao, Kita, Yorihiro, Nakamura, Junji & Morioka, Shu,  (2015). Can Postural Instability Respond to Galvanic Vestibular Stimulation in Patients with Parkinson’s Disease? J Mov Disord, 9(1), 40-43. 10.14802/jmd.15030

                  

                  
                     
                        10 
                              

                     

                     Bassetto, Jackeline Martins, Zeigelboim, Bianca Simone, Jurkiewicz, Ari Leon & Klagenberg, Karlin Fabianne,  (2008). Neurotological findings in patients with Parkinson's disease. Braz J Otorhinolaryngol, 74(3), 350-355. 10.1016/s1808-8694(15)30567-x

                  

                  
                     
                        11 
                              

                     

                     Müller, Martijn L.T.M., Albin, Roger L., Kotagal, Vikas, Koeppe, Robert A., Scott, Peter J.H. & Frey, Kirk A.,  (2013). Thalamic cholinergic innervation and postural sensory integration function in Parkinson’s disease. Brain, 136, 3282-3289. 10.1093/brain/awt247

                  

                  
                     
                        12 
                              

                     

                     Okada, Yohei, Kita, Yorihiro, Nakamura, Junji, Kataoka, Hiroshi, Kiriyama, Takao & Ueno, Satoshi,  (2015). Galvanic vestibular stimulation may improve anterior bending posture in Parkinson’s disease. Neuro Rep, 26(7), 405-410. 10.1097/wnr.0000000000000360

                  

                  
                     
                        13 
                              

                     

                     Pötter-Nerger, M, Reich, M M, Colebatch, J G & Deuschl, G,  (2012). Volkmann JDifferential effect of dopa and subthalamic stimulation on vestibular activity in Parkinson's disease.
                        Mov Disord, 27(10), 1268-1275.
                     

                  

                  
                     
                        14 
                              

                     

                     Vitale, Carmine, Marcelli, Vincenzo, Furia, Teresa, Santangelo, Gabriella, Cozzolino, Autilia & Longo, Katia,  (2011). Vestibular impairment and adaptive postural imbalance in parkinsonian patients with lateral trunk flexion. Mov Disord, 26(8), 1458-1463. 10.1002/mds.23657

                  

                  
                     
                        15 
                              

                     

                     Crucian, G.P., Barrett, A.M., Schwartz, R.L., Bowers, D., Triggs, W.J. & Friedman, W.,  (2000). Cognitive and vestibulo-proprioceptive components of spatial ability in Parkinson’s disease. Neuropsychologia, 38(6), 757-767. 10.1016/s0028-3932(99)00143-8

                  

                  
                     
                        16 
                              

                     

                     Sailesh, Kumar Sai, Varghese, Varsha & Mukkadan, J K,  (2013). Natural treatment for parkinson’s disease: controlled vestibular stimulation. Altern Integ Med, 2(10).
                     

                  

                  
                     
                        17 
                              

                     

                     Bala, Adarsh & Gupta, BM,  (2013). Parkinson′s disease in India: An analysis of publications output during 2002-2011. Int J Nutr, Pharmacol, Neurol Dis, 3(3), 254-262. 10.4103/2231-0738.114849

                  

                  
                     
                        18 
                              

                     

                     Grover, Sandeep, Somaiya, Mansi, Kumar, Santhosh & Avasthi, Ajit,  (2015). Psychiatric aspects of Parkinson’s disease. J Neurosci Rural Pract, 6(01), 065-076. 10.4103/0976-3147.143197

                  

                  
                     
                        19 
                              

                     

                     Adwani, Sikandar, Yadav, Ravi, Kumar, Keshav & Chandra, S R,  (2016). Pramod Kumar Pal. Neuropsychological profile in early Parkinson's disease: Comparison between patients with right
                        side onset versus left side onset of motor symptoms. Ann Indian Acad Neurol, 19(1), 74-78.
                     

                  

                  
                     
                        20 
                              

                     

                     Joti, Prakash, Kulashekhar, Shrikanth, Behari, Madhuri & Murthy, Aditya,  (2007). Impaired inhibitory oculomotor control in patients with Parkinson’s disease. Exp Brain Res, 177(4), 447-457. 10.1007/s00221-006-0687-0

                  

                  
                     
                        21 
                              

                     

                      (2013). Restless Legs Syndrome in Parkinson's disease and other neurodegenerative disorders: A case-control study. Parkinsonism Relat Disord, 19, 426-430.
                     

                  

                  
                     
                        22 
                              

                     

                     Sarathchandran, Pournamy, Soman, Sheena, Sarma, Gangadhara, Krishnan, Syam & Kishore, Asha,  (2013). Impulse control disorders and related behaviors in Indian patients with Parkinson's disease. Mov Disord, 28(13), 1901-1902. 10.1002/mds.25557

                  

                  
                     
                        23 
                              

                     

                     Athira, M S, Archana, R, Sailesh,  Kumar Sai & Mukkadan, J K,  (2015). A Pilot Study on Anti-Diabetic Effect of Vestibular Stimulation in Alloxan Induced Diabetic Model of Wistar albino
                        Rats. RJPBCS, 6(3), 1772-1774.
                     

                  

                  
                     
                        24 
                              

                     

                     Varghese, Varsha P, Kumar, Sai Sailesh, R, Archana & K, Mukkadan J,  (2015). Vestibular modulation of thyroid function in forced cold water swimming stress induced Wistar albino rats. Int J Res Ayurveda Pharm, 6(4), 513-515. 10.7897/2277-4343.06497

                  

                  
                     
                        25 
                              

                     

                     Sabate, M, Rodriguez, M, Mendez, E, Enriquez, E & Gonzalez, I,  (1996). Obstructive and restrictive pulmonary dysfunction increases disability in Parkinson disease. Arch Phys Med Rehabil, 77, 29-34.
                     

                  

                  
                     
                        26 
                              

                     

                     Kishore, Asha, Rao, Ravimohan, Krishnan, Syam, Panikar, Dilip, Sarma, Gangadhara & Sivasanakaran, Mathuranath Pavagada,  (2010). Long-term stability of effects of subthalamic stimulation in Parkinson's disease: Indian Experience. Mov Disord, 25(14), 2438-2444. 10.1002/mds.23269

                  

                  
                     
                        27 
                              

                     

                     Kishore, A, Panikar, D, Balakrishnan, S, Joseph, S & Sarma, S,  (2000). Evidence of functional somatotopy in GPi from results of pallidotomy. Brain, 123, 2491-2500.
                     

                  

                  
                     
                        28 
                              

                     

                     Nagashayana, N, Sankarankutty, P, Nampoothiri, M.R.V, Mohan, P.K & Mohanakumar, K.P,  (2000). Association of l-DOPA with recovery following Ayurveda medication in Parkinson’s disease. J Neurol Sci, 176(2), 124-127. 10.1016/s0022-510x(00)00329-4

                  

                  
                     
                        29 
                              

                     

                     Sailesh,  Kumar Sai, Archana, R, Antony, N J & Mukkadan, J K,  (2014). You Are Never Too Old To Swing. RJPBCS, 5(5), 612-615.
                     

                  

                  
                     
                        30 
                              

                     

                     Purushothaman, Deepthy, Sailesh,  Kumar Sai, Archana, R & J K Mukkadan,  (2015). Neuroimmuno modulation by vestibular stimulation in cold water swimming stress induced Wistar albino rats. Asian J Pharm Clin Res, 8(4), 117-120.
                     

                  

                  
                     
                        31 
                              

                     

                     Sadanandan, Neethu N, R, Archana, Kumar, Sai Sailesh, K, Mukkadan J & J, Antony N,  (2015). Antihyperlipedimic effect of vestbular stimulation in Wistar albino rats. Int J Res Ayurveda  Pharm, 6(4), 509-512. 10.7897/2277-4343.06496

                  

                  
                     
                        32 
                              

                     

                     Gopinath, Aswathy, Archana, R, Kumar Sai Sailesh & Mukkadan, J K,  (2015). Effect of caloric vestibular stimulation on memory. Int J Pharm Bio Sci, 6(3), 453-459.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

