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Key Contribution: 

This study highlights the importance of Leucas aspera, which can be used therapeutically to restore motor 

and behavioral abilities that have been compromised by Parkinsonism brought on by trichloroethylene. 

In the mammalian model, the extract showed notable neuroprotective effects by lowering oxidative stress 

and increasing dopaminergic activity. Notably, the individual’s coordination and mobility significantly 

improved after treatment. According to these results, Leucas aspera shows promise as a natural treatment 

for Parkinson's disease. 

 

GRAPHICAL ABSTRACT 
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ABSTRACT  

The widely used chlorinated solvent, trichloroethylene (TCE), has been closely linked to neurotoxicity 

and the emergence of pathologies resembling Parkinson's disease (PD). This is mostly because TCE 

can cause neuronal damage, oxidative stress, and mitochondrial dysfunction. TCE exposure is a crucial 

experimental paradigm for researching neurodegeneration because these changes not only upset the 

metabolic balance but also affect behavioral function in individuals, causing major imbalance and 

instability. Plant-based neuroprotective drugs have gained attention recently as safer substitutes for 

treating brain damage brought on by toxins. In this study, the potential of the Methanolic extract of 

Leucas aspera, a medicinal plant renowned for its antioxidant and neuroprotective properties, to 

mitigate TCE-induced neurotoxicity in Wistar rats was investigated. Both behavioral and biochemical 

parameters are beneficial in examining oxidative stress and evaluating the effectiveness of the treatment 

in managing PD. The Rotarod test for motor coordination, the tail suspension test for depressive-like 

behavior, and the raised plus maze for anxiety-related reactions were among the behavioral evaluations. 

Superoxide dismutase (SOD) and catalase (CAT) activity were evaluated as indicators of antioxidant 

defense, while lipid peroxidation (LPO) was examined as an indicator of oxidative damage in the 

hippocampus. The results showed that rats exposed to TCE exhibited increased anxiety-like behavior, 

extended immobility, and marked deterioration in motor coordination and enzyme estimation using 

Acetylcholinesterase (AChE). Elevated lipid peroxidation levels and a significant decrease in SOD and 

CAT activity coincided with these behavioral changes, indicating that oxidative stress had been induced 

in the hippocampus tissue. Through the restoration of motor function, the reduction of depressive-like 

characteristics, and the normalization of anxiety indicators, treatment with Leucas aspera extract 

markedly improved behavioral results. Leucas aspera extract also decreased oxidative damage by 

increasing SOD and CAT activity toward normal levels and decreasing lipid peroxidation. When 

combined, these findings suggest that Leucas aspera has high neuroprotective potential against TCE-

induced neurotoxicity, most likely via its antioxidant mechanism, and could be a viable natural 

treatment option for Parkinson's disease. 

Keywords: motor dysfunction, neuroprotection, oxidative stress, antioxidant enzyme, phytotherapy  

 

 

INTRODUCTION 

Parkinson’s disease (PD) is known as the most common progressive neurodegenerative disorder, 

affecting more than 9 million people around the world. In the year 2019, it was estimated that over the 

period of 2000, 8.5 million global population showed a 100% increase due to poor lifestyle changes in 

humans, and it will be doubled by the year 2040 [1]. The only cure for such neurodegenerative disorders 

is the management of the disease by different modes of rehabilitation and various physiotherapies to 

strengthen muscles and bones.  

Trichloroethylene (TCE) is one such volatile chemical compound that helps in the induction of 

Parkinson’s disease in animal models. These halogenated organic solvents are widely used in the 

chemical industry by factories, causing neuronal damage and dysfunction. As such, the past 3 major 

cases are well-proven examples of Parkinson's disorder in the year 2008, reported by Gash and 

colleagues [1, 2]. TCE is known for its neurotoxic effects, which cause neuronal loss at the primary 

stage due to extreme exposure to airborne toxicity from the release of chemicals in the factories. Animal 

models exposed to TCE lead to neuronal damage in the basal ganglia pars compacta part of the 

midbrain, causing loss of dopaminergic neurons due to deposition of Lewy bodies. The impact of the 

chemical on the rat model is well-studied by doing behavioral parameter testing concerning many tests 

toward locomotor activity and muscle functioning, memory testing, and cognitive functions [3] (Figure 

1).  
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Figure 1. 3-4 months old rat model, exposed to 250 and 500 mg/kg TCE vehicle (olive oil) by oral 

gavage for 8 weeks. 

This research aims to address the gaps in therapeutic drug management of neurodegenerative disorders 

by targeting the novel mechanism of secondary metabolites obtained from herbal formulations through 

several steps involving extraction and purification techniques. In the plant extract, the bioactive 

substances present act as an herbal formulation approach. One such plant extract used in our study is 

Leucas aspera, commonly known as Thumbai, belonging to the Lamiaceae family. All the parts of the 

plant sample are well known to have medicinal properties [4]. As Leucas aspera consists of various 

secondary metabolite compounds in the treatment of PD, our study focuses on the catechins and 

epicatechin derived from the Leucas aspera plant sample acting as a therapeutic approach against the 

induction of Parkinson's disease using TCE chemical [5, 6].  

The study involves the evaluation of the biochemical and behavioral parameters, aiming to assess the 

therapeutic potential of Leucas aspera methanolic extract against neurotoxin-induced Parkinsonism. As 

the behavioural test involves the raised plus maze and Rotarod test for the assessment of motor 

coordination, oxidative stress markers were evaluated using biochemical parameters such as lipid 

peroxidation (LPO), superoxide dismutase (SOD), and catalase (CAT), and enzyme estimation using 

Acetylcholinesterase (AChE). This study attempts to offer new insights into the neuroprotective 

potential of Leucas aspera and its potential therapeutic value in treating Parkinson's disease-related 

disorders brought on by environmental toxins like TCE by combining behavioral and biochemical 

evaluations. 

2. MATERIALS AND METHODS 

 

2.1 Animal model  

Male albino Wistar rat models in the 2-3-month age group were taken for the experiment from the India 

Institute of Science, Bangalore, and well maintained till they reached near middle-aged age. Animals 

TCE Exposure: daily oral 
gavage  
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were divided into different groups concerning body weight in polypropylene cages with stainless steel 

wire mesh, with a properly maintained temperature of 25-28±1°C, relative humidity of 76.5±1%. All 

the animals were fed daily with freely accessible food from Amruth Feeds, Bangalore, and mineral 

water [7]. 

2.2 Experimental design  

All the rats concerning body weights were chosen and separated into different groups: Control (CON, 

n=6) and experimental groups: Trichloroethylene (TCE 250), Trichloroethylene (TCE 500), Leucas 

aspera (LA 250), Leucas aspera (LA 500). All the animals were supplemented with food and water 

according to their weekly body weight (BW) measurement for 8 weeks. During the supplementation 

and induction period, animals were daily subjected to behavioral experimental parameters concerning 

different groups, respectively [7]. 

2.3 Plant extraction  

The whole leaf extraction procedure was carried out by air-drying the powdered plant leaf samples in 

the shade and powdering them. The Soxhlet apparatus was used for extraction using methanol as 

solvent. The resultant plant extract was reduced using a rotary vacuum evaporator, and for the dissolving 

of the plant extract, an aqueous solution was used as a vehicle [4, 7]. 

2.4 TCE induction 

Male Wistar rats of 2-3 months of age were used for the study. Animals were supplemented with TCE 

(dissolved in olive oil) as a vehicle by oral gavage using OECD guidelines for dosage supplementation 

according to the body weight of animals once a day/week. Animals were administered TCE in two 

doses, 250 and 500 mg/kg, by oral administration using an oral gavage needle. All the experimental 

design was performed under the guidelines, and the animal care setup was maintained throughout the 

experimental duration [8]. 

2.9 Behavioral parameter  

2.9.1 Body weight  

Body weight changes in the individual rats were noted manually every 8 weeks in total before the drug 

administration [9]. 

2.9.2 Rotarod test        

The test was carried out to assess the motor activity using an automated apparatus for Wistar rats after 

drug administration, which involved different groups compared with the control animals. To judge the 

memory, movement, and coordination of the TCE-induced Parkinson’s disease rat model, the testing 

apparatus was maintained at a speed of 25 RPM for (5 min) with a computerized electronically 

controlled recorder for each animal separately, automated apparatus was used for the study consisting 

of a hallow rotating drum bottom for the animal movement testing (7.5 cm diameter) and 30 cm 

upgraded from the bottom grid providing rough grip for the animal to endorse. During the testing period, 

the speed of the apparatus was maintained at 25 RPM, not exceeding. The readings were recorded in 

seconds automatically by the apparatus, and later, the mean of three test trials was taken. All the rats 

were trained for a week before the experimental period [10, 11]. 

2.9.3 Elevated Plus Maze test 

The ability of the study is derived from testing the anxiety level in the animal model after drug 

administration, compared with the control group. The setup consists of two open arms (16 × 5cm) and 

two closed arms (16 × 5 × 12 cm). Each group containing 6 rats was placed individually on the apparatus 

with the time duration recorder for 5 min for each rat. During the test, animals were placed at the open 

arm end and allowed to move towards the center and enter the enclosed arm. The time duration covered 

by the rat to reach the center and the time of the enclosed arm were noted for the test in seconds. 
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Similarly, for the other experimental groups, the duration was noted and compared with the control 

group. The study was carried out for 8 weeks, plus a maze test on a one-day/week basis [12, 13]. 

2.9.7 Tail suspension test  

The tail suspension test (TST) helps in evaluating the depression-like behavior in rodent models after 

drug administration. Assessment of immobility was tested for a time duration of 6 min for individual 

rat models. Rats were suspended onto the metal rod with adhesive tape 30cm above the bench of the 

laboratory for 6 min. The behavioral changes were recorded and noted manually for each rat model 

compared with the control group animals' activity. The major aim of the study is to test the acute 

antidepressant and immobility score [14, 15]. 

2.10 Enzymatic assay  

2.10.1 Determination of Acetylcholinesterase  

The acetylcholinesterase activity is used to analyze the neuromuscular functioning ability of the animal 

model post-experimental design using the hypothalamus tissue sample collected post-sectioning of the 

Wistar rat model brain region by gently using a glass homogenizer with chilled phosphate buffered 

saline maintained pH, 2mM acetylcholine chloride was used an enzymatic substrate (Ellman's method) 

against the sample incubating for 2-3 min for the hydrolyzation process to take place and measured the 

acetylcholine esterase level in the brain region at 412nm using a spectrophotometer using 

indoxylacetate as standard against acetylcholinesterase [16]. 

2.11 Biochemical assay  

2.11.1 Determination of Superoxide Dismutase  

The superoxide dismutase activity was carried out to analyze the biological and pathogenic functioning 

of the oxygen molecules present in the reaction, which can lead to damage to the normal cellular 

mechanism of the enzyme present in the superoxide dismutase molecule, helping in the mitochondrial 

functioning and signalling mechanism pathway. The Hypothalamus region is taken and homogenized 

using a glass homogenizer for different groups. Pyrogallol is used as the autoxidizing agent with Tris-

HCl buffer maintaining pH 8.5, and Phenazine Methosulfate to activate the superoxide radical ions. 

Later, the enzyme activity is measured at 420nm upon the color change reaction using Nitro blue 

tetrazolium (NBT) dye for detecting the enzymatic reaction. The superoxide dismutase activity is 

calculated by measuring the 50 %inhibition of the Pyrogallol against the enzymatic reaction [17]. 

2.11.2 Determination of Catalase Activity  

Catalase activity was analyzed by detecting the reduction in the level of hydrogen peroxide. The tissue 

was isolated, and the mixture contained Tris-HCl buffer and 5mM EDTA solution with 10mM hydrogen 

peroxide. The enzyme activity was measured spectrophotometrically at 240nm, and the decomposed 

amount of hydrogen peroxide solution was measured and calculated [18].  

2.11.3 Determination of Malondialdehyde level using lipid peroxidation assay  

The malondialdehyde level in the enzymatic assay was measured using lipid peroxide in the presence 

of Thiobarbituric acid (TBA) and acetic acid, maintaining a pH of 3.5. The brain region was smoothly 

dissected, and the tissue was homogenized using freshly prepared KCl and refluxed for 60min at 95°C 

using the above mixture of acetic acid and TBA. After the reaction, the sample was measured at 532nm 

using a spectrophotometer and calculated using the standard formula [18].  

2.12 Statistical analysis  

Data was analyzed using two-way ANOVA, Bonferroni's multiple comparisons test for all the groups, 

and the values were given as the mean ± SEM. The GraphPad Prism 9 software was used to analyze the 

data. The probability values P<0.05, P<0.01, and P<0.0001 were considered significant. 

3. RESULTS  
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3.1 Behavioral study  

3.1.1 Body weight  

Bonferroni’s multiple comparison test was conducted to check the level of significance for the 8-week 

comparison with the control group. The plant extract effect was also tested on the body weight of the 

animal model. Not much significant difference was noted in the different groups during the study period. 

As the TCE induction of 250 and 500 mg/kg to the Wistar rat model, the graph shows that the TCE 250 

mg/kg lower dosage shows induction of Parkinson’s slowly compared to the control group. Similarly, 

concerning TCE 500 mg/kg, the rat model is closer to death rate as the graph represents. Plant extract 

induction using a vehicle has shown a protective effect, respectively, for LA 250 and LA 500 mg/kg. 

Also, a two-way ANOVA interaction test was conducted to evaluate the quantitative variable changes 

in the different groups, p<0.05  

 

 

 

 

 

 

 

 

 

Figure 2. Body weight changes during the study period of 8 weeks 
 

3.1.2 Rotarod test  

The main approach of this test was to note the motor coordination of the drug and the TCE-induced rat 

model. Bonferroni's multiple comparisons test was conducted using two-way ANOVA for the latency 

of fall and wheeling time at a constant speed mode. The treatment approach of the plant extract-induced 

model showed better locomotor activity compared with TCE induction. The significance value was 

tested for the control and experimental group for the 8-week study duration; the level of significance 

was not significant Figure 3. (A), (B). 

Figure 3. The result of the Rotarod test is compared with the control group, for 8 weeks: (A) Latency 

of fall (sec), (B) Wheeling time (sec), n=6 rats for each group; ****p<0.0001 ***p<0.001 when 

compared with normal and TCE induced groups. 
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3.1.3 Plus-Maze test 

The plus-maze test was carried out to test the anxiety level in the Wistar rat model. The apparatus 

consists of two open arms and two closed arms, which are compared to the rat model of the experimental 

and control groups. Animals were more towards the closed-arm chamber for TCE 250 and 500mg/kg 

compared to the open-arm chamber. Comparatively, the plant extract group showed a better approach 

towards the anxiety level as more movement towards the open arm chamber *p<0.05, ****p<0.0001, 

Figure 4, Table 1. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Elevated plus maze; for the open and closed arm to test for anxiety in different groups, the 

activity of the animals was more in the closed arm compared to the open arm ****p<0.0001 showing 

statistical significance, LA 250 and LA 500 displayed significantly better activity in the open arm 

chamber, as the treated group displayed better activity p<0.0001. 

Table 1. Elevated plus maze test, the effect of Methanolic extract of Leucas aspera and locomotor  

changes in rat model using the latency test in the plus-maze. 

Mean ± SEM, n = 6, ***p<0.001, **p<0.05, ****p<0.0001 are the values. 
 

3.1.4 Tail Suspension test  

The tail suspension test, also called an antidepressant test in animal models, is used to test the level of 

despair-like behavior by suspending the tail. The rat is subjected to stress to check the effect of the 

treated antidepressant drug against the TCE-induced Parkinson’s disease in the rat model. Being 

suspended to tail the rat tends to escape until they reach the flat platform. The time of escape for different 

experimental groups compared to the control group was calculated. The testing result showed a higher 

average immobility episode activity by the experimental group animals than the control group due to 

 

Sl. 

No 

 

Treatment 

(Dose & Route) 

Measurement of transfer latency of Leucas aspera  at 

different intervals of (min) mean (±SD) 

Open arm Closed arm 

1 CONT 96.9 ± 1.09 269 ± 0.88 

2 TCE (250 mg/kg) 63.5 ± 0.98** 241 ± 0.74** 

3 LA (250 mg/kg) 33.3 ± 1.20** 218 ± 1.76* 

4 TCE (500 mg/kg) 65.25 ± 1.46*** 264.9 ± 0.35*** 

5 LA (500 mg/kg) 73.5 ± 1.26* 267.75 ± 0.39 
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the TCE-induced dosage, and comparatively better improvement in the treated group animals. Showing 

Significance p<0.0001, immobility test, the resulting level of significance p<0.001, Figure 5. 

 

 

 

 

 

 

 

 

Figure 5. The tail suspension test was conducted by checking the immobility and average episodes on 

the swing without any disturbance. In the sec, the average immobility episode of the rat was 

comparatively higher than in the immobility test. The significance level was tested, showing P<0.05 in 

contrast to the control. 

3.2 Enzymatic activity 

3.2.1 Determination of Inhibition of Acetylcholinesterase (AChE) 

Acetylcholinesterase activity of the brain region was analyzed and assessed, taking a standard reference 

to determine the difference between the activity of different groups and the impact of TCE on the 

methanolic extract of Leucas aspera. The control group had the highest AChE activity at all tested 

concentrations (50, 100, and 150 µg/ml), as seen in Figure 6 (A). AChE activity was significantly 

decreased in a dose-dependent manner (p < 0.01) by treatment with both extracts, with the reduction 

being more noticeable in the groups that received Leucas aspera. AChE was moderately inhibited at 50 

µg/ml, but at 100 µg/ml, there was a noticeable decrease, with LA 500 exhibiting the least amount of 

activity of any group. Additional inhibition of enzyme activity was visible at 150 µg/ml, with LA 500 

continuing to have a noticeably stronger inhibitory impact than TCE at comparable dosages. Significant 

differences between treatments were confirmed by the statistical grouping shown by various superscript 

letters. These results imply that Leucas aspera may have a role as a natural AChE inhibitor with 

neuroprotective significance, as its methanolic extract has higher inhibitory effects on hippocampus 

AChE than TCE Figure 6 (A). 

 

3.3 Biochemical Assay  

3.3.1 Determination of Superoxide Dismutase (SOD) 

The superoxide dismutase (SOD) activity of the hippocampus brain tissue was assessed at different 

incubation time periods (6, 12, and 24 hours). The control group showed the highest percentage of 

inhibition at all-time points, indicating strong SOD activity at the base, as shown in Figure 6 (B). 

Superoxide activity was significantly decreased, showing (***p < 0.001; ****p < 0.0001) in a dose-

dependent manner with respect to the Leucas aspera methanolic extract. The activity of the treated group 

showed modest activity for the treated group, compared with the control at 6 hours of time duration. 

The activity continued to decrease at 12 hours, with the 150 µg/mL group exhibiting the greatest 

suppression. Significant variance among treatments was confirmed by unique superscript letters, and 

within 24 hours, SOD activity was still significantly lower in all treated groups when compared to the 

control. These results suggest that although Leucas aspera therapy reduces SOD activity, it may alter 

antioxidant defense by reorienting the defenses against oxidative stress to other enzymatic or non-

enzymatic pathways. 
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Figure 6: (A) The graph represents AChE activity at various concentrations shown in the bar graph, for 

the control and treatment groups. Activity noticeably greater at LA and TCE groups, with a reduction 

in a dose-dependent manner by both extracts at (250and 500 µg/ml), with the highest inhibition 

exhibited at higher doses (B) The bar graph represents the different percentages of inhibition with 

respect to incubation time periods of (6, 12, and 24 hours), showing high inhibition activity compared 

with the control and treatment groups. Both extracts (250 and 500 µg/ml) exhibited significantly lower 

inhibition, with variations across time points (C). The bar graph represents the different percentages of 

inhibition with respect to concentration of (50, 100, and 150 µg/ml), showing high inhibition activity 

compared with the control and treatment groups. Both extracts (250 and 500 µg/ml) exhibited 

significantly lower inhibition, with variations across time points (D). The Percentage of Inhibition at 

various concentrations of (50, 100, and 150 µg/ml) is compared with respect to the control and treatment 

groups, showing maximum inhibition in the control group and a considerable decrease in the TCE-

induced group.  
 

 

3.3.2 Determination of Catalase activity (CAT) 

Catalase activity of the Leucas aspera methanolic extract was evaluated in contrast with the standard 

extract (TCE), although the incubation time showed a decrease in the percentage of inhibition, as shown 

in Figure 6 (C), displaying weekend antioxidant defense against free radicals causing oxidative stress. 

On the other hand, TCE and Leucas aspera therapy both markedly increased CAT activity in a time and 

dose-dependent manner (***p < 0.0001; ****p < 0.0001). All treatment groups showed a moderate 

increase in CAT activity after 50µg/mL, with TCE 500 and LA 500 exhibiting higher activity than their 

corresponding lower dosages. The activity continued to rise at 100 hours, and by 150 µg/mL, the highest 

CAT activity was observed, especially in the LA 500 and TCE 500 groups, both of which were above 

80% inhibition, while the control group stayed noticeably lower. Significant variations between 

treatments and incubation periods were validated by statistical analysis, denoted by various superscript 

letters. These results show that the methanolic extract of Leucas aspera efficiently increases catalase 

A B 

C D 
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activity, strengthening antioxidant defense systems and shielding hippocampus tissue from oxidative 

stress-induced damage. 

 

3.3.3 Determination of Malondialdehyde level using lipid peroxidation assay (LPO) 

The Inhibition level of the hippocampus region was evaluated in the methanolic extract of the Leucas 

aspera sample to analyze the ability of lipid peroxidation in contrast with the standard reference group. 

High oxidative stress was indicated by the control group's lowest percentage of LPO inhibition over the 

course of all incubation periods (50, 100, and 150 µg/mL), as seen in Figure 6 (D). However, in a dose 

and time-dependent manner, both TCE and Leucas aspera therapy markedly increased LPO inhibition 

(***p < 0.001; ****p < 0.0001). All treatment groups showed moderate inhibition at 50 hours, with 

TCE 500 and LA 500 showing noticeably greater action than their lower dosages. The inhibitory impact 

became even more significant at 100 µg/mL, with LA 500 demonstrating comparable efficacy to TCE 

500 and better protection than LA 250. The greatest percentage of inhibition was observed at 150 

µg/mL, especially in the LA 500 and TCE 500 groups, which both approached 80–90%, whilst the 

control group stayed much lower. Significant differences between groups were validated by statistical 

analysis, denoted by separate superscript letters. These results show that the methanolic extract of 

Leucas aspera efficiently inhibits lipid peroxidation in a concentration- and time-dependent manner, 

indicating strong antioxidant activity and a possible function in reducing neuronal damage. Damage 

caused by oxidative stress. 

 

4. DISCUSSION 

The incorporation of Leucas aspera into Parkinson’s disease management regimens is likely to represent 

a change and advancement toward the incorporation of more natural and herbal formulation approaches 

for the cure and management of neurodegenerative dysfunction, as described in the study by Kalpana 

et al. (2016) [19]. The existing evidence in the research points towards the usage of commercially 

available drugs in the market. Here, the study specifies the significant importance of therapeutic 

potential that could bring a huge change in medical practice. As enhancement of traditional herbal 

remedies has always proven to be a more promising strategy with minimal side effects [20]. The major 

cause of this disease is memory impairment and tremors in patients affected with PD. Oxidative stress 

in the cells is the major cause of the overproduction of free radicals, which causes non-enzymatic 

dopamine levels to increase. α-synuclein is one such protein molecule that gets deposited, causing 

neurogenesis [21]. Depletion of the dopamine level is a universal factor resulting in neuronal loss, which 

is responsible for motor dysfunction [22].  

Results showed that body weight across different groups did not have significant variations. TCE-

treated rats tended to lose weight, especially at higher doses, indicating systemic toxicity. These 

findings align with previous observations that TCE causes physiological stress and disrupts metabolic 

processes in animal models [23, 24]. The administration of LA extract mitigated these effects, 

suggesting a stabilizing influence on metabolic balance. The Rotarod test evaluated the motor 

coordination, showing a reduction in the activity of the group induced with TCE, which showed a 

reduction in the locomotor performance, indicating dopaminergic dysfunction seen in PD [25]. With 

respect to other research showing that plant-derived antioxidants can improve motor function and 

performance in neurotoxin-induced Parkinsonian models, LA-treated rats showed noticeably enhanced 

latency to fall and wheeling time [26]. The raised plus maze, which measures anxiety behavior, revealed 

that TCE-treated groups preferred closed arms, indicating increased anxiety-like reactions, which are 

indicative of hippocampal impairment [27]. 

On the other hand, rats given LA exhibited more open-arm exploration, suggesting anxiolytic potential 

that is probably mediated by flavonoids that alter neurotransmitter systems [28]. TCE increased 

immobility duration in the tail suspension test, which is consistent with toxin-induced neurobehavioral 

changes and depressive-like behavior [29]. In accordance with the other medicinal plants that have 

antioxidant and monoaminergic modulatory qualities, the methanolic extract of LA therapy decreased 

immobility, confirming its antidepressant-like action [30]. 

Neurotoxin-induced TCE showed oxidative and neurochemical dysfunction, which was further 

validated by biochemical tests. According to earlier research relating environmental pollutants to 
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cognitive impairments, TCE groups showed a significant decrease in acetylcholinesterase (AChE) 

activity, suggesting compromised cholinergic transmission [31]. The dose-dependent inhibition of 

AChE activity by LA extract is in keeping with data that phytochemicals have neuroprotective 

properties as natural cholinesterase inhibitors [32]. In accordance with earlier findings of free radical 

formation after neurotoxic exposure, antioxidant enzyme assays demonstrated significantly reduced 

superoxide dismutase (SOD) activity in TCE groups, indicating oxidative imbalance [33]. According 

to observations that plant polyphenols enhance antioxidant defense, treatment with LA partially restored 

SOD activity [34]. In line with earlier research showing that botanical extracts can regulate catalase 

activity under oxidative stress, the LA-treated groups showed increased catalase (CAT) activity, 

indicating better hydrogen peroxide detoxification and reinforcement of enzymatic antioxidant systems 

[27]. According to earlier research on TCE-related mitochondrial dysfunction, lipid peroxidation (LPO) 

was also higher in TCE-exposed groups, suggesting oxidative damage to hippocampus lipids [23]. 

Similar to prior research paper showing substantial antioxidant activity of plant extracts in attenuating 

neuronal oxidative damage, LA administration dramatically decreased LPO levels in a dose-dependent 

manner [35]. The protective effect of plant extract is due to the presence of flavonoid compounds 

present in the formulation, which act as antioxidant molecules to fight against reactive oxygen species 

molecules due to oxidative stress [36]. 

5. CONCLUSION 

The study summarizes the significant role of the Wistar rat model in understanding the advancement in 

technology for Parkinson’s disease (PD) and the utilization of novel therapeutic approaches in the 

treatment. Utilization of Trichloroethylene for the induction of Parkinson's disease showed regressive 

loss of dopaminergic neurons in the substantia nigra part of the brain, causing behavioral changes in the 

animal model such as motor dysfunction, tremors, bradykinesia, cognitive disability, and rigidity. All 

these parameters were tested using the Rotarod test, plus-maze for open and closed arms to test the 

anxiety level, for analyzing the depressive-like behavior, and the Tail suspension test to test the 

antidepressant activity in the rat model, and biochemical parameters for the confirmation of enzymatic 

activity in the treated and control region against neurotoxins causing PD. Therefore, the administration 

of Leucas aspera methanolic extract at a dosage level exhibited a relatively improving effect on motor 

and cognitive function, suggesting methanolic extract as a potential therapeutic approach.  

Findings in the study indicated that Leucas aspera not only helps minimize the depletion of 

dopaminergic neurons but also plays a vital role in managing PD. It relates better motor coordination 

and cognitive function to activity. Therefore, implementing a therapeutic approach involving herbal 

formulations can be beneficial in treating symptoms associated with PD. As the bioactive compounds 

present in the flavonoid molecule of Leucas aspera methanolic extract help fight against the oxidative 

stress causing neuronal damage in the temporal region of the brain, future research could aim at 

elucidating the mechanism of action as a promising approach to effectively cure diseases related to the 

neurological disorder PD.  

6. ABBREVIATIONS 

TCE – trichloroethylene, PD - Parkinson's disease, SOD - Superoxide dismutase, CAT – catalase 

activity, LPO - lipid peroxidation, AChE – Acetylcholinesterase, CON – Control, LA – Leucas aspera, 

BW – Body Weight, OECD - Organisation for Economic Co-operation and Development, RPM - 

Revolutions Per Minute, TST - tail suspension test, NBT - Nitro blue tetrazolium, TBA - Thiobarbituric 

acid, MDA – Malondialdehyde, KCl – Potassium Chloride, ANOVA – Analysis of Variance 
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