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ABSTRACT 

Objective:To evaluate the neuroprotective and antiparkinsonian potential of ethanolic extract of Solanum incanum (EESI) 

against rotenone-induced Parkinson’s disease models, assessing its effects on cell viability, oxidative stress, antioxidant 

defenses, α-synuclein aggregation, motor behavior, and nigrostriatal neuronal integrity. 

Methodology: In vitro studies: Human neuroblastoma SH-SY5Y cells were treated with rotenone to model dopaminergic 

neurotoxicity. Cells were pretreated or co-treated with EESI and assessed for cell viability, markers of oxidative stress, 

and intracellular glutathione levels. 

In vivo studies: Wistar rats received rotenone to induce parkinsonian pathology. Animals were administered EESI at 50 

and 100 mg/kg. Behavioral assessments for motor coordination were conducted. Brain tissues were analyzed for 

antioxidant enzyme activities, lipid peroxidation, α-synuclein expression, and histopathological evaluation of nigrostriatal 

dopaminergic neurons. 

Results: In vitro: EESI significantly increased viability of rotenone-exposed SH-SY5Y cells and reduced oxidative stress 

parameters while restoring glutathione levels. 

In vivo: EESI-treated rats showed improved motor coordination compared with rotenone-only controls. EESI enhanced 

endogenous antioxidant defenses, decreased lipid peroxidation, lowered α-synuclein expression, and preserved 

nigrostriatal dopaminergic neurons on histopathology. Effects were dose dependent, with greater protection at 100 mg/kg. 

Conclusion: Ethanolic extract of Solanum incanum exhibited neuroprotective and antiparkinsonian effects in rotenone-

induced in vitro and in vivo models, likely via antioxidant, anti-aggregation, and neuroprotective mechanisms, supporting 

its potential as an adjunct therapy for Parkinson’s disease.  
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1. INTRODUCTION 

The CNS also progressively deteriorates with age, making neurons sensitive to mitochondrial and environmental toxins 

like rotenone and paraquat, which are implicated in neurodegeneration [1–3]. Mitochondrial dysfunction is characteristic 

of many neurodegenerative diseases, including PD, Alzheimer's disease, Huntington's disease, and amyotrophic lateral 

sclerosis [4]. 

PD is a progressive disease of dopaminergic neuron degeneration in the substantia nigra pars compacta and dopamine 

depletion in the striatum, associated with motor impairment and Lewy body formation [5–7]. Experimental models of PD 

induced by neurotoxins like rotenone, MPTP, and 6-hydroxydopamine (6-OHDA) mimic PD pathology, with rotenone 

being an effective mitochondrial complex I inhibitor that produces progressive dopaminergic degeneration and 

Parkinsonism-like signs [8–10] 

Pharmacologic treatments currently available such as levodopa, dopamine agonists, MAO-B blockers, COMT inhibitors, 

anticholinergics, and amantadine—alleviate symptoms but are hampered by long-term side effects and failure to arrest 

disease progression [11–13]. These limitations have led to interest in plant medicines with antioxidant, neuroprotective, 

and anti-inflammatory effects. Plant members of the Solanaceae family, i.e., Atropa belladonna, Withania somnifera, and 

Hyoscyamus niger, have proved to have anticholinergic and neuroprotective effects in Parkinsonism [14–16]. 

Solanum incanum L., a medicinal plant traditionally used, possesses solasodine, solanine, flavonoids, and phenolic 

compounds with antioxidant, anti-inflammatory, and neuroprotective activities [17–19]. These phytoconstituents indicate 

its possible antiparkinsonian activity. Hence, the current study proposes to investigate the antiparkinsonism activity of 

Solanum incanum. 

 

METHODOLOGY 

Plant Collection and Extraction 

Leaves of Solanum incanum were harvested from Palayamkottai, Tirunelveli, during November and identified (Reg. No. 

XCH-40670, St. Xavier's College). Air-dried leaves were powdered (500 g) and extracted with 95% ethanol by Soxhlet 

extraction for 6–8 h until completion. The extract was concentrated under reduced pressure, giving 14 g semisolid 

ethanolic extract (EESI), kept at 4 °C. Ethanol has been used extensively for the extraction of phytochemicals because it 

is effective for the recovery of alkaloids, flavonoids, and phenolics with neuroprotection [20,21].  
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Phytochemical Screening 

EESI underwent phytochemical screening. Alkaloids, flavonoids, glycosides, terpenoids, phenols, and steroids were 

present, whereas tannins and saponins were not present. Research emphasizes flavonoids and alkaloids of Solanum species 

as potential antioxidant and anti-inflammatory agents related to neurodegenerative disorders [22,23]. 

 

In vitro Neuroprotective Assay 

SH-SY5Y neuroblastoma cells were grown in DMEM and 10% FBS. Cells were incubated with rotenone (10 µM) and 

co-administered with EESI (5–120 µg/mL). Cell viability was measured after 24 h using MTT assay, and ROS content 

using DCFH-DA probe. SH-SY5Y cells are popular in PD research owing to their dopaminergic characteristics [24,25]. 

 

Pharmacological Studies: 

The study was approved by the Vinayaga Mission Institutional Animal Ethics Committee (CPCSEA Reg. No. 

6684/PO/Re/S/02/CCSEA) and carried out under approval P.COL/83/2025/IAEC/VMCP. 

 

Acute Toxicity 

Female Swiss albino mice were treated with EESI (300 and 2000 mg/kg, p.o.) and were observed for 14 days. The 

experiment was conducted according to OECD guideline 423 [26,27]. 

 

In vivo Anti-Parkinson's Activity 

Male Wistar rats were grouped into five sets (n=6): control, rotenone control, rotenone + levodopa, rotenone + EESI (50 

mg/kg), and rotenone + EESI (100 mg/kg). Rotenone (2 mg/kg, s.c.) was given for 30 days. Behavioural assessment 

comprised rotarod, pole test, and elevated plus maze. Rotenone is a proven PD inducer that replicates mitochondrial 

impairment and α-synuclein pathology [28,29]. 

 

Biochemical and Molecular Analysis 

Post-treatment, brain homogenates were analyzed for lipid peroxidation (MDA), glutathione (GSH), and superoxide 

dismutase (SOD). α-Synuclein was determined by ELISA. Oxidative imbalance and α-synuclein aggregation are 

characteristics of PD progression [30,31]. 

 

Histopathology 

Brains were fixed, sectioned, and stained with H&E to analyze neuronal morphology in substantia nigra and striatum. 

Neurodegeneration in rotenone models is well established [32]. 

 

Statistics 

Values were presented as mean ± SD. One-way ANOVA with Tukey's post hoc test was used, and p<0.05 was taken to 

be significant [33]. 

 

RESULTS AND DISCUSSION 

Phytochemical Profile 

Phytochemical screening established alkaloids, flavonoids, glycosides, phenols, terpenoids, and steroids (Table 1). These 

results concur with reports that Solanum phytoconstituents such as solasodine and flavonoids have antioxidant and 

neuroprotective effects [22] 

 

Table 1: Secondary metabolite and their presence 

S.No Secondary metabolites Presence 

 Alkaloids +++ 

 Flavonoids +++ 

 Tannins - 

 Saponins - 

 Glycosides + 

 Terpenoids + 

 Phenols ++ 

 Steroids + 

+ indicates present, - indicate present absence 

 

In vitro Neuroprotective Effect 

EESI substantially recovered cell viability (82.4 ± 3.1% vs. 41.5 ± 2.8% in rotenone, p<0.01) and decreased ROS at 100 

µg/mL Figure 1and Table 2. Comparable results were encountered with flavonoid-enriched extracts shielding SH-SY5Y 

cells from rotenone [24,25]. 
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Figure 1. Effect of EESI on SH-SY5Y viability and ROS 

 

Table 2: Invitro neuro effective determination by MTT 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acute Toxicity 

EESI up to 2000 mg/kg was devoid of mortality and behavioral toxicity, ensuring safety for in vivo application [26]. 

 

Behavioral Assessments in Rats 

Rotenone caused impairment of motor and cognitive performance. EESI significantly enhanced rotarod, pole test, and 

elevated plus maze performance comparable to levodopa Table 3,4 and 5. This is in agreement with plant-derived 

neuroprotectants ameliorating dopaminergic function [30,31]. 

Rotenone-treated rats exhibited a remarkable reduction in open-arm time and entries, reflecting enhanced anxiety-like 

behavior and cognitive impairments. Levodopa  and ethanolic extract of solanum incanum extract treatment (particularly 

higher doses) significantly restored these parameters, reflecting possible anxiolytic and cognitive improvements in 

Parkinsonism. The extract-treated groups promoted open-arm exploration, reflecting alleviation of neurotoxicity-evoked 

anxiety and cognitive impairment. 

Rotenone treatment significantly increases T_turn and T_total, indicating bradykinesia and motor impairment. L-Dopa 

(Control drug) facilitates motor function. Extract at 50mg/kg and 100 mg/kg illustrates dose-dependent facilitation of 

motor function. 

 

Table 3. Behavioral effects of EESI in the rota rod test. 

 

 

 

Sample 

concentration 

(µg/ ml) 

Absorbance 

values(Mean) 

N=3 

Percentage 

viability 

Control 0.3190 100 

Rotenone 0.1583 49.62 

5 0.1731 54.26 

10 0.1994 62.50 

20 0.2450 76.80 

40 0.2106 66.00 

80 0.1935 60.65 

120 0.1842 57.74 

Groups Rotarod Test (Sec) (Mean ± SD) 

Day 1 Day 4th Day 7th 

Control  70.667 ± 3.613  71.500 ± 2.377  70.000 ± 2.520  

Rotenone 

(Negative Control) 

25.833± 2.623* 24.833 ± 2.432* 21.833 ± 2.276* 

Levodopa (30 

mg/kg) 

51.000±3.011*** 53.667±2.826*** 55.833±1.880*** 

EESI (50 mg/kg) 27.000 ± 3.120** 31.500 ± 2.430** 33.167 ± 1.732** 

EESI (100 mg/kg) 41.167± 1.286** 43.500 ± 1.896** 45.333 ± 2.311** 
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Values are expressed as Mean ± SD, (*P<0.05 vs control group, **P<0.01 vs rotenone treated group, ***P<0.001 vs 

rotenone treated group) 

Table 4: Behavioral effects of EESI in Elevated plus maze method. 

Values are expressed as Mean ± SD (*P < 0.05 vs. Control; **P < 0.01 vs. Rotenone-treated group) 

 

Table 5: Behavioral effects of EESI in pole test 

Groups T_turn (sec) T_total (sec) 

Control  2.5 ± 0.3 5.2 ± 0.5 

Rotenone (2 mg/kg, i.p.) 6.8 ± 0.6* 12.5 ± 0.8* 

Standard (Levodopa 10 mg/kg) 3.2 ± 0.4*** 6.0 ± 0.5*** 

EESI (50 mg/kg) 5.4 ± 0.5** 10.2 ± 0.7** 

EESI (100 mg/kg) 4.0 ± 0.4** 8.3 ± 0.6** 

Values are expressed as Mean ± SD (*P < 0.05 vs control, **P < 0.01 vs rotenone treated group, ***P < 0.001 vs rotenone 

treated group) 

 

Biochemical Parameters 

Rotenone increased MDA and decreased GSH and SOD. EESI dose-dependently restored antioxidant defenses (Table 6). 

This concurs with findings that polyphenolic extracts reduce oxidative stress in PD models [28,29]. 

Lipid Peroxidation (MDA): Raised substantially in the Rotenone group (p < 0.001 vs Control), reflecting oxidative stress. 

EESI (100 mg/kg) and Levodopa lowered MDA levels significantly (p < 0.001 vs Rotenone). 

SOD Activity: Reduced substantially in the Rotenone group (p < 0.001 vs Control), reflecting decreased antioxidant 

defense. EESI (100 mg/kg) improved SOD levels significantly (p < 0.001 vs Rotenone). 

GSH Levels: Reduced in Rotenone-treated rats (p < 0.001 vs Control), whereas EESI (50 mg/kg & 100 mg/kg) markedly 

reversed the levels of GSH (p < 0.001 vs Rotenone). 

Marked increase (p < 0.001), Slight increase (p < 0.01), Marked decrease (p < 0.001), Slight decrease (p < 0.01). 

 

Table 6: Biochemical analysis of anti parkinsonism animal Model 

Groups Lipid Peroxidation 

(MDA) (nmol MDA/mg 

protein) 

SOD (U/mg protein) GSH (µmol/mg protein) 

Control  1.85 ± 0.12 8.65 ± 0.24 7.80 ± 0.30 

Rotenone (Negative 

Control) 

4.92 ± 0.30** 3.25 ± 0.18**  3.10 ± 0.22** 

Levodopa (30 mg/kg) 2.60 ± 0.15** 7.10 ± 0.20***  6.80 ± 0.25***  

EESI (50 mg/kg) 3.40 ± 0.22** 5.80 ± 0.19** 5.20 ± 0.28**  

EESI (100 mg/kg) 2.90 ± 0.18** 6.70 ± 0.21***   6.40 ± 0.27*** 

Values are expressed as Mean ± SD (*P < 0.05, **P < 0.01, ***P < 0.001) 

 

α-Synuclein and Histopathology 

Rotenone increased α-synuclein expression and neuronal loss, while EESI reduced α-synuclein and preserved neuronal 

integrity (Figures 2 & 3). These findings corroborate evidence of phytochemicals reducing α-synuclein aggregation [32]. 

Photomicrographs show H&E-stained sections of the substantia nigra (left) and striatum (right) across treatment groups. 

Control: Normal neurons with intact morphology (black arrows). Rotenone: Neuronal shrinkage and degeneration 

(arrow).Solanum incanum 50 mg/kg: Moderate protection; some neurons remain degenerated. Solanum incanum 100 

mg/kg: Marked improvement in neuronal structure, with nearly restored cytoarchitecture. 

Photomicrographs show hematoxylin and eosin (H&E)-stained coronal brain sections at the level of the substantia nigra 

(left column) and striatum (right column) across various treatment groups. 

Table 7:  Alpha-synuclein levels on various treated groups 

Treatment Groups Alpha-Synuclein Levels (ng/mg protein) 

± SD 

Control  1.25 ± 0.12 

Rotenone (Negative Control) 4.85 ± 0.28## 

Levodopa (30 mg/kg) 2.10 ± 0.18** 

EESI (50 mg/kg) 3.40 ± 0.22* 

Groups Time Spent in Open 

Arms (s) (Mean ± SD) 

Time Spent in Closed 

Arms (s) (Mean ± SD) 

Entries into Open Arms 

(Mean ± SD) 

Control  30.5 ± 2.1 110.5 ± 5.2 8.2 ± 1.3 

Rotenone (2 mg/kg, i.p.) 12.8 ± 1.5*  150.3 ± 7.1* 3.5 ± 0.7* 

Standard (Levodopa 10 

mg/kg) 

28.2 ± 2.4** 115.8 ± 4.9** 7.5 ± 1.1** 

EESI (50 mg/kg) 22.4 ± 2.2** 125.6 ± 5.8** 6.1 ± 1.0** 

EESI (100 mg/kg) 26.3 ± 2.0** 118.2 ± 5.2** 7.1 ± 1.2** 
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EESI (100 mg/kg) 2.60 ± 0.20** 

Values are expressed as Mean ± SD (##P < 0.01 vs control, **P < 0.01 vs rotenone treated group, *P < 0.05 vs rotenone 

treated group) 

 

(A) Standard                                                      (B) Groups at 450 nm 

Fig 2: Alpha Synuclein level estimation using sandwich ELISA method 

 

 
Figure 3 : Histopathological Analysis of the Substantia Nigra and Striatum in Rotenone-Induced Parkinsonism 

and Solanum incanum-Treated Rats 

 

CONCLUSION 

The extract replenished intracellular glutathione levels and showed potent anti-Parkinson's activity in vitro with the SH-

SY5Y cell line model. Increased levels of α-synuclein lead to 

cellular impairment and death of dopaminergic neurons. Rotenone-intoxicated mice in this experiment 

had significantly elevated levels of α-synuclein, showing parkinsonism disease-like pathology. Ethanolic extract of 

Solanum incanum markedly decreased these levels, proving its neuroprotective action. Histopathology studies strengthen 

the claimed activity further. Interpretation of results obtained from behavioural assessment, in vitro and invivo studies 

confirms the antiparkinsonism activity of solanum incanum plant extract. 

 

REFERENCES 

1. AbouZid SF, Sleem AA, El-Shazly AM. Phytochemical and biological studies on Solanum incanum L. Nat Prod 

Res. 2016;30(11):1240–1246. 

2. Adewale A, Okonkwo O, Ibrahim M. Acute toxicity evaluation of medicinal plant extracts following OECD 

guideline 423. Toxicol Rep. 2023;10:132–140. 

3. Alam M, Schmidt WJ. Rotenone destroys dopaminergic neurons and induces Parkinsonian symptoms in rats. 

Behav Brain Res. 2002;136(1):317–324. 

4. Bharathi A, Ramesh V, Krishnan S. Green extraction techniques for neuroprotective phytochemicals: A focus on 

ethanol extracts. Phytomed Plus. 2022;2(3):100230. 



Genetics and Molecular Research 25 (19s): 2026     6 

5. Betarbet R, Sherer TB, MacKenzie G, Garcia-Osuna M, Panov AV, Greenamyre JT. Chronic systemic pesticide 

exposure reproduces Parkinson’s disease. Nat Neurosci. 2000;3(12):1301–1306. 

6. Chah KF, Muko KN, Oboegbulem SI. Antimicrobial and phytochemical properties of Solanum incanum. J 

Ethnopharmacol. 2000;71(1–2):161–166. 

7. Chen Y, Zhang J, Zhang Y, Jiang W. Plant polyphenols as neuroprotective agents in Parkinson’s disease: 

Molecular mechanisms and therapeutic perspectives. Front Pharmacol. 2021;12:642. 

8. Connolly BS, Lang AE. Pharmacological treatment of Parkinson’s disease: A review. JAMA. 

2014;311(16):1670–1683. 

9. Dauer W, Przedborski S. Parkinson’s disease: Mechanisms and models. Neuron. 2003;39(6):889–909. 

10. ElSohly H, Abdallah R, Khalil M. Phytochemical and pharmacological potential of Solanum species. Plants 

(Basel). 2022;11(4):612. 

11. Exner N, Lutz AK, Haass C, Winklhofer KF. Mitochondrial dysfunction in Parkinson’s disease. Biochim 

Biophys Acta. 2012;1822(12):1831–1842. 

12. Gathirwa JW, Rukunga GM, Njagi ENM. Antioxidant and anti-inflammatory potential of Solanum incanum. J 

Med Plants Res. 2019;13(3):75–82. 

13. Inden M, Kitamura Y, Abe M, Tamaki A, Takata K, Taniguchi T. Neurodegeneration induced by rotenone in 

Parkinson’s disease model: Mechanisms and therapeutic strategies. Neurochem Int. 2011;58(1):35–44. 

14. Katzenschlager R, Sampaio C, Costa J, Lees A. Anticholinergics for symptomatic management of Parkinson’s 

disease. Mov Disord. 2003;18(8):885–891. 

15. Krenzelok EP. The henbane (Hyoscyamus niger) plant: Neurotoxic alkaloids and Parkinson’s disease relevance. 

Clin Toxicol. 2010;48(6):497–502. 

16. Kumar P, Sharma N, Joshi R. Ethanol-based extraction of bioactive compounds for neurodegenerative disease 

therapy. J Ethnopharmacol. 2023;310:116451. 

17. Kumar V, Kumar S, Khanna V, Khanna D. Withania somnifera in neurodegenerative disorders: A review. 

Phytother Res. 2015;29(7):1119–1129. 

18. Lees AJ, Hardy J, Revesz T. Parkinson’s disease. Lancet. 2009;373(9680):2055–2066. 

19. Li X, Huang Y, Wang J, Chen P. Phytochemicals and mitochondrial protection in neurodegenerative disorders: 

Focus on Parkinson’s disease. Mol Neurobiol. 2023;60(1):345–357. 

20. Mahmoud R, Elsharkawy E, Ali S, Gabr S. Neuroprotective and antioxidant potential of Solanum species: A 

pharmacological insight. Biomed Pharmacother. 2023;162:114623. 

21. Organisation for Economic Co-operation and Development (OECD). OECD guideline for testing of chemicals: 

Acute oral toxicity – Acute toxic class method (423). Paris: OECD Publishing; 2001. 

22. Olanow CW, Obeso JA, Stocchi F. Levodopa in the treatment of Parkinson’s disease: Current controversies. 

Mov Disord. 2004;19(9):997–1005. 

23. Rascol O, Lozano A, Stern M, Poewe W. Treatment strategies for Parkinson’s disease. Prog Neurobiol. 

2002;68(4):361–376. 

24. Schober A. Classic toxin-induced animal models of Parkinson’s disease: 6-OHDA and MPTP. Cell Tissue Res. 

2004;318(1):215–224. 

25. Sherer TB, Betarbet R, Stout AK, Lund S, Baptista M, Panov AV, et al. Mechanism of toxicity in rotenone 

models of Parkinson’s disease. J Neurosci. 2003;23(34):10756–10764. 

26. Singh R, Patel V, Sharma A. Statistical approaches in preclinical Parkinson’s disease research. J Neurosci 

Methods. 2022;378:109636. 

27. Spillantini MG, Schmidt ML, Lee VM, Trojanowski JQ, Jakes R, Goedert M. Alpha-synuclein in Lewy bodies. 

Nature. 1997;388(6645):839–840. 

28. Sun Y, Li M, Chen K, Xu L, Wu J. Flavonoids protect SH-SY5Y cells against rotenone-induced oxidative stress 

and apoptosis via mitochondrial pathways. Cells. 2022;11(3):512. 

29. Tanner CM, Kamel F, Ross GW, Hoppin JA, Goldman SM, Korell M, et al. Rotenone, paraquat, and Parkinson’s 

disease. Environ Health Perspect. 2011;119(6):866–872. 

30. Wang H, Zhao Y, Chen G, Zhou J. Phytochemicals attenuate α-synuclein aggregation and neurotoxicity in 

Parkinson’s disease models. Neurochem Int. 2022;155:105325. 

31. Xu J, Tang Y, Zhang Q, Li H. Natural antioxidants alleviate rotenone-induced mitochondrial dysfunction in SH-

SY5Y cells. Neurosci Lett. 2023;801:137195. 

32. Yang Z, Liu J, Sun R, Wu X. Botanical extracts ameliorate α-synuclein aggregation and oxidative stress in 

Parkinson’s disease models. Int J Mol Sci. 2024;25(2):654. 

33. Zhou L, Yang Y, Wang Z, Li X. Plant-derived neuroprotectants mitigate dopaminergic degeneration in 

Parkinson’s disease: Evidence from rotenone models. Neurobiol Dis. 2022;162:105600.  


