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ABSTRACT 

Introduction: Parkinson’s disease (PD) is a progressive neurodegenerative disorder affecting the 
motor system, characterized by the loss of dopaminergic neurons in the substantia nigra pars 
compacta of the brain. Mucuna pruriens L. seeds are a natural source of L-DOPA, a precursor to 
dopamine, which helps compensate for the dopaminergic deficit in PD & the leaves of Camellia 
sinensis L. contain epigallocatechin gallate (EGCG), a catechol-O-methyltransferase (COMT) 
inhibitor that enhanced the bioavailability of L-DOPA by preventing its premature degradation and 
facilitating its passage across the blood-brain barrier (BBB). 

Objective: The preset study was undertaken to investigate the antiparkinson activity of combination 
of aqueous extract of Mucuna pruriens (L.) (AEMP) and Camellia sinensis (L.) (AECS) in 
experimental animals. 

Methods: Animals were divided into 8 groups (n=6). Group-1 received distilled water (5ml/kg, p.o.), 
Group-2 served as disease induced haloperidol (1mg/kg, i.p.), Group-3 as a standard control syndopa 
(10mg/kg, p.o.), Group 4 & 5 were administered AEMP (100mg/kg, p.o.) & AECS (50mg/kg, p.o.), 
respectively. Group 6, 7 & 8 were administered the combinations of AEMP: AECS, 30%:70%, 
50%:50% and 70%:30%. Behavioural assessments included catalepsy and locomotor activity using 
catalepsy bar method and actophotometer respectively. Dopamine levels in brain tissue were 
measured, and histopathological analysis of brain was performed.  

Results: Administration of AEMP and AECS in combination, significantly reduced haloperidol-
induced catalepsy and improved locomotor activity. The most significant therapeutic effect was 
observed in the group receiving a 70:30 AEMP: AECS. Mucuna pruriens (L.), a natural source of L-
DOPA, crosses the blood-brain barrier and restores dopamine levels by modulating oxidative stress 
and inflammation-related targets such as Nrf2, SOD, cAMP signalling, and ERK/MAPK cascades. 
Camellia sinensis (L.), is a multi-target agent, capable of modulating several key proteins involved in 
PD pathogenesis including alpha-synuclein (SNCA), caspases, NF-κB, BDNF, Nrf2, and Parkin. 

Biochemical analysis showed a marked restoration of dopamine levels in therapeutic groups. 
Histopathological evaluation confirmed the preservation of neuronal architecture and reduced 
neurodegenerative changes in extract-treated animals. 

Conclusions: The combination of aqueous extract of Mucuna pruriens (L.) and Camellia sinensis (L.) 
significantly improved haloperidol-induced motor impairments and neurodegeneration in mice. Their 
synergistic effects, likely due to dopaminergic, antioxidant, and anti-inflammatory properties, 
highlight their potential as adjunct therapies for Parkinson’s disease. Further studies are warranted to 
elucidate molecular mechanisms, assess long-term safety, and validate clinical relevance. 
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1. Introduction 
Parkinson’s disease (PD) is a chronic, progressive neurodegenerative disorder characterized by motor 
symptoms and cognitive impairment. Over 80% of PD patients with cognitive impairment eventually 
develop Parkinson’s disease dementia (PDD) (Putha et al., 2025). The disease is primarily 
characterized by the degeneration of dopamine-producing neurons in the substantia nigra pars 
compacta (SNpc) of the midbrain, which leads to hallmark motor symptoms including bradykinesia, 
resting tremor, rigidity, and postural instability (Morris et al., 2024, Radhakrishna et al., 2018, 
Vaillancourt et al., 2020). The substantia nigra, particularly the SNpc, plays a crucial role within the 
basal ganglia by modulating voluntary motor control through dopaminergic signalling via the 
nigrostriatal pathway. (Al-kuraishy et al., 2024). In PD, disruptions in this circuitry, including altered 
activity of D1 and D2 dopamine receptors, are central to both motor and behavioural symptoms 
(Sayyaed et al., 2023). 
Drug-induced Parkinsonism is another concern, where medications like calcium channel blockers and 
certain neuroleptics block dopamine receptors or disrupt the blood-brain barrier, mimicking or 
exacerbating PD symptoms (Vanegas-Arroyave et al., 2024, Bohlega et al., 2013, Mena et al., 2006). 
The progression of PD is categorized into six stages, beginning in the lower brainstem and advancing 
to the cortex, with cognitive and motor symptoms worsening as more brain regions become involved 
(Braak et al., 2004). Haloperidol is a widely used antipsychotic medication with broad clinical 
applications, including the treatment of schizophrenia, acute psychosis, and agitation in various 
neuropsychiatric conditions. This adverse effect is primarily due to its potent antagonism of dopamine 
D2 receptors in the striatum, disrupting dopaminergic signalling critical for motor control (Katual et 
al., 2017). 
While a definitive cure for Parkinson’s disease (PD) remains elusive, preventive strategies are gaining 
attention through the identification of modifiable risk factors, early diagnostic tools, and 
neuroprotective interventions. (Armstrong et al., 2020). 
Current treatments for Parkinson’s disease (PD) are primarily symptomatic and do not reverse the 
underlying neurodegeneration. Moreover, these treatments are often accompanied by adverse effects 
such as dyskinesia, sedation, impulse control disorders, gastrointestinal issues, and cognitive 
disturbances (Demailly et al., 2024, Sveinbjornsdottir et al., 2016). Consequently, there is growing 
interest in exploring natural products, particularly medicinal herbs, as alternative therapeutic agents. 
Herbal medicines, known for their broad therapeutic properties and lower side effect profiles, present 
a promising avenue for developing cost-effective and safer treatments for PD (Jun et al., 2023). 
Mucuna pruriens (L.) and Camellia sinensis (L.). possess antiparkinson’s activity. Mucuna pruriens 
L., commonly known as black velvet bean, is a tropical legume from the Fabaceae family and is 
widely used in traditional medicine, for its diverse therapeutic properties (Singh et al., 2023). It is 
rich in L-DOPA (3,4-dihydroxy-L-phenylalanine), a precursor of dopamine, making it especially 
relevant in the management of Parkinson’s disease. The L-DOPA content in its seed’s ranges from 
3% to 6%, and the plant also contains various bioactive compounds such as alkaloids, saponins, 
tannins, and essential minerals (Singh et al., 2023). The wide range of pharmacological actions like, 
anti-parkinson’s (Kamkaen et al., 2022), antioxidant (Diniyah et al., 2023), anti-inflammatory 
(Uchegbu et al., 2016), antibacterial (Shanmugavel et al., 2015), anti-tumor (Gamedze et al., 2024), 
anti-venom (Yee et al., 2009), antidiabetic (Verma et al., 2025), aphrodisiac (Sattayasai et al., 2022), 
antidepressant (Kaewmor et al., 2024). 
Camellia sinensis (L.), an evergreen shrub from the Theaceae family, is the source of various types 
of tea—including green, black, and oolong—with green tea being the most recognized for its 
medicinal properties (Samanta et al., 2022, Namita et al., 2012). It is rich in polyphenols, particularly 
catechins, with epigallocatechin gallate (EGCG) being the most potent and abundant. EGCG is known 
for its strong antioxidant, anti-inflammatory, and neuroprotective effects, making it especially 
relevant for neurodegenerative disorders like Parkinson’s disease (Azami et al., 2024). Notably, 
EGCG also functions as a catechol-O-methyltransferase (COMT) inhibitor, potentially enhancing L-
DOPA bioavailability—a key aspect in Parkinson’s therapy. With minimal side effects and broad 
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therapeutic potential, Camellia sinensis (L.) represents a promising natural agent in neuroprotective 
research (Putri et al., 2022). Pharmacological activities have been derived like, anti-parkinson’s (Giri 
et al., 2020), antioxidant (Governa et al., 2022), antidepressant (Choudhary et al., 2025), 
hypertension(Chiang et al., 2021), anti-diabetic (Ansari et al., 2022), antimicrobial (Gopal et al., 
2016), anti-inflammatory (Mota et al., 2015), antiproliferative (Esghaei et al., 2018), hepatoprotective 
(Shareef et al., 2022), antihyperlipidemic (Kongchain et al., 2020). 
In the present study we evaluated the antiparkinson activity of combination of aqueous extracts of 
Mucuna pruriens (L.) and Camellia sinensis (L.) in haloperidol-induced parkinsonism using an 
experimental animal model. The study aimed to determine whether the combination of these plant 
extracts could provide neuroprotective benefits or symptom relief comparable to conventional 
treatment. To achieve this, we have conducted this study including phytochemical and 
pharmacological evaluations, measurement of dopamine levels in brain tissue, and histopathological 
analysis. We aimed to assess whether the addition of these botanical agents could mitigate 
dopaminergic depletion and improve pathological outcomes associated with drug-induced 
parkinsonism. 
 

2. Materials & methods 
 
2.1 Collection and authentication of plant material 

The seeds of Mucuna pruriens (L.) and the leaves of Camellia sinensis (L.) were procured from Kirti 
Enterprises, Hadapsar, Pune. The botanical authentication of both plant materials was carried out by 
Dr. Harshad M. Pandit, Ph.D. (Botany), at Azad Nagar Gem CHS Ltd, Mumbai, MS, India. The 
authenticated specimen numbers were assigned as follows: Mucuna pruriens (L.) – Specimen #: SJP 
24126286 and Camellia sinensis (L.) – Specimen #: SJP 24120806. 
 
2.2 Preparation of extracts 

The seeds of Mucuna pruriens (L.) were cleaned and ground into a fine powder to ensure uniformity 
for effective extraction. A total of 250 grams of the powder was soaked in 400 mL of distilled water 
for 72 hours via maceration to extract bioactive compounds. The mixture was then filtered, and the 
filtrate concentrated using a magnetic stirrer with a hot plate under controlled temperature and 
vacuum. The resulting aqueous extract was stored at 4 °C to maintain its stability and preserve active 
constituents (Yadav et al.,2013, Ahmad et al.,2012). Similarly, the leaves of Camellia sinensis (L.) 
were cleaned, dried, and ground into a fine powder. A total of 400 grams of the powdered leaves were 
extracted by maceration in 2.5 L of distilled water for 72 hours. The resulting extract was filtered and 
concentrated using the same method, then stored at 4 °C to maintain the integrity of heat- and 
oxidation-sensitive phytochemicals such as catechins and flavonoids for subsequent analysis or 
application (Sharma et al., 2012, Razavi et al., 2017). 
 
2.3 Phytochemical analysis 

The aqueous extract of Mucuna pruriens (L.) (AEMP) and Camellia sinensis (L.) (AECS) were 
subjected to preliminary phytochemical screening to identify the presence of key constituents such as 
alkaloids, glycosides, flavonoids, terpenoids, phenols, and tannins. (Tyagi et al., 2017, Shaikh et al., 
2020). 
 
2.4 Chemicals 

Haloperidol was obtained from Divine laboratories, (Gujrat, India) and Syndopa tablet procured from 
Sun pharma, (Sikkim, India). All reagents were of analytical grade. 

 
2.5 Animals 

Healthy swiss albino mice weighing (25-30 grams) were used in the experiment, which were obtained 
from Crystal biological solutions, uralidevachi, Pune, Maharashtra. Total 96 albino mice were 
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employed, with 48 animals allocated to each behavioural model. They were maintained under 
standard laboratory conditions, including a temperature of 27 ± 2 °C, relative humidity of 45–55%, 
and a 12-hour light/dark cycle. All animals had free access to clean drinking water and a standard 
pellet diet provided ad libitum. 
Animals were randomly divided into eight experimental groups (n=6) as follows; 
 Group-1 received distilled water (5ml/kg, p.o.); this served as normal control. 
 Group-2 received haloperidol (1mg/kg, i.p.); this served as disease control. 
 Group-3 received standard drug syndopa (10mg/kg, p.o.). 
Group 4 – 8: Mice were orally treated with various therapeutic treatments by single and combination 
of both crude drug extracts.  
 Group-4 received aqueous extract of Mucuna pruriens L. (AEMP) (100mg/kg) 
 Group-5 received aqueous extract of Camellia sinensis L. (AECS) (50mg/kg) 
 Group 6: AEMP: AECS (30%:70%) (30mg/kg+ 35mg/kg= 65mg/kg) 
 Group 7: AEMP: AECS (50%:50%) (50mg/kg+ 25mg/kg= 75mg/kg) 
 Group 8: AEMP: AECS (70%:30%) (70mg/kg+ 15mg/kg= 85mg/kg) 

 
2.6 Induction of parkinson’s disease 
Parkinson’s disease was induced by intravenous injection of haloperidol 1mg/kg, for 1 week in 
alternate days prior the therapeutic treatment. 
 
2.7 Catalepsy bar test 
The catalepsy bar test was employed to measure the duration a mouse could maintain a fixed posture 
with both front limbs placed on a 4 cm high bar. A mouse was considered cataleptic if it remained 
immobile, and the time was recorded until it moved its paws or head, with a maximum cut-off time 
of 5 minutes. Assessments were conducted on the 1st, 7th, 14th, and 21st days following drug 
administration, noting the longest duration of immobility. All observations took place in a quiet room, 
and mice were returned to their cages between tests. (Ittiyavirah et al., 2014, Chaitra et al., 2016). 
 
2.8 Actophotometer test 
Each mouse was placed in the activity cage (Dolphin 2002-C V2) for 5 minutes to measure its 
locomotor activity. As the mouse moved and explored, it broke infrared light beams in the cage, which 
were automatically counted by a digital recorder. If the mouse stopped moving, the recorder paused, 
and resumed when the mouse began walking again. A “walk” was counted when the mouse moved 
using all four feet across the space between two opposite walls of the cage. The total time spent 
walking was also recorded (Gosavi et al., 2020). 
 
2.9 Biochemical parameter 
 
2.9.1 Dopamine level estimation 
Whole brain was removed, weighed, and cut into fine pieces and homogenized in 5 mL of 5% HCl-
butanol and centrifuged at 2000 rpm for 10 minutes. The supernatant was collected, mixed with 2.5 
mL of heptane and 0.3 mL of 0.1 M HCl, shaken thoroughly, and centrifuged again. The lower 
aqueous phase was collected for dopamine analysis. For estimation, 0.02 mL of this phase was reacted 
with HCl, sodium acetate buffer (pH 6.9), and iodine solution. The oxidation reaction was halted with 
sodium thiosulphate in 5 M NaOH, followed by the addition of acetic acid and heating to 100°C for 
6 minutes. After cooling, fluorescence was measured at 330–375 nm using a spectrofluorimeter, and 
dopamine levels were determined by comparing fluorescence with a blank and standard (Chaitra et 
al., 2016). 
 
2.10 Histopathology of brain 
The brain tissue was carefully isolated and immediately fixed in 10% neutral buffered formalin to 
preserve its structural integrity. Following fixation, the samples were processed and embedded in 
paraffin wax. Thin sections measuring 3–5 µm in thickness were cut using a microtome, with serial 
sections of 3 µm obtained for detailed histological analysis. The sections were stained using the 
haematoxylin-eosin (H&E) staining method to highlight cellular and tissue morphology. The stained 
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slides were then examined under a microscope(40x) to assess histopathological changes and structural 
alterations in the brain tissue (Chaitra et al., 2016, Chandrashekhar et al., 2010). 
 
2.11 Statistical analysis 
Statistical analysis of data was performed using one way ANOVA followed by Dunnett’s multiple 
comparison test using Graph pad prism software 10.4.2. Data were expressed as Mean ± SEM (n=6), 
and difference were considered as statistically significant *p<0.05, **p<0.01, ***p<0.001 when 
compared with disease treated group (Fowles et al., 2013). 
 

3. Results 

3.1 Physical properties  

The aqueous extract of Mucuna pruriens (L.) (AEMP) appeared as a dark brown semisolid with a 
characteristic pungent aroma and taste. It was soluble in both water and alcohol, had a pH of 6.5, and 
yielded 5.6% w/w. In contrast, the aqueous extract of Camellia sinensis (L.) (AECS) was pale green, 
semisolid, and slightly turbid, with a distinct herbal or grassy aroma. It was also soluble in water and 
alcohol, had a pH of 5.0, and yielded 2.45% w/w. 
 
3.2 Phytochemical analysis 
The AEMP & AECS showed the presence of following phytochemicals like flavonoids, alkaloids, 
phenols, terpenoids, glycosides and tannis (Table 1 and Table 2). 

 
Table 1                                                                              Table 2                    

                                                               
Phytochemical analysis of AEMP                                     Phytochemical analysis of AECS 

 
3.3 Behavioural models: Catalepsy bar and Actophotometer test 

 
The catalepsy test showed that the disease control group (haloperidol, 1 mg/kg, i.p.) had a significant 
increase in immobility from day 7 to 21(###p<0.001), while the normal control (distilled water, 5 
ml/kg, p.o.) showed baseline. The standard group (Syndopa, 10 mg/kg, p.o.) significantly reduced 
catalepsy (***p<0.001). AEMP (100 mg/kg, p.o.) (***p<0.001) showed reduction in immobility than 
AECS (50 mg/kg, p.o.) (**p<0.01), and the combination groups—Group 6 (65 mg/kg) (**p<0.01), 
Group 7 (75 mg/kg) (**p<0.01), and especially Group 8 (85 mg/kg) (***p<0.001) showed the most 
significant reduction. (Fig 1). 
In the actophotometer test, the disease control group showed reduced locomotor activity (###p<0.001), 
while the normal and standard groups maintained high activity (***p<0.001). AEMP improved 
locomotion more than AECS (**p<0.01). Combination groups, particularly Group 8 (70% AEMP + 
30% AECS, 85 mg/kg), showed the significant recovery in movement, indicating a strong synergistic 
effect (***p<0.001) (Fig 2). 

Sr 
no 

Test name Phytochemicals 

 1 Flavonoids: 
Shinoda test 

Flavonoids present 

2 Alkaloids: 
Wagner’s test 

Alkaloids present 

3 Phenols: Ferric 
Chloride test 

Phenols present 

4 Terpenoids: 
Salkowski Test 

Terpenoids Absent 

5 Glycosides: 
Borntrager’s 
Test 

Glycosides present 

6 Tannis: 
Braymer’s test 

Tannis present 

Sr 
no 

Test name Phytochemicals 

 1 Flavonoids: 
Shinoda test 

Flavonoids 
present 

2 Alkaloids: 
Wagner’s test 

Alkaloids 
present 

3 Phenols: Ferric 
Chloride test 

Phenols present 

4 Terpenoids: 
Salkowski Test 

Terpenoids 
Absent 

5 Glycosides: 
Borntrager’s Test 

Glycosides 
present 

6 Tannis: 
Braymer’s test 

Tannis present 
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Fig. 1. Effect of aqueous extract of Mucuna pruriens (L.) seeds & aqueous extract of Camellia sinensis 
(L.) leaves and their combinations in haloperidol induced catalepsy in mice. 
 
Values are expressed as Mean ± SEM (n=6). Statistical analysis was carried out by One-way 
ANOVA followed by Dunnett’s multiple comparison test *p<0.05, **p<0.01, ***p<0.001 when 
compared with disease treated group ###p<0.001. AEMP: Aqueous extract of Mucuna Pruriens 
L. seeds, AECS: Aqueous extract of Camellia Sinensis L. leaves, i.p.: intraperitoneal route, p.o.: 
oral route. 
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Fig. 2. Effect of aqueous extract of Mucuna pruriens (L.) seeds & aqueous extract of Camellia sinensis 
(L.) leaves and their combinations in haloperidol induced locomotor activity in mice. 
 
Values are expressed as Mean ± SEM (n=6). Statistical analysis was carried out by One-way 
ANOVA, followed by Dunnett’s multiple comparison test *p<0.05, **p<0.01, ***p<0.001 when 
compared with disease treated group. AEMP: Aqueous extract of Mucuna Pruriens L. seeds, 
AECS: Aqueous extract of Camellia Sinensis L. leaves, i.p.: intraperitoneal route, p.o.: oral route. 

 
3.4 Estimation of dopamine level in brain tissue 
Table 5 shows the effect of AEMP and AECS on brain dopamine levels in Haloperidol-induced mice. 
The control group had normal dopamine levels (4.06 ng/g), while the Haloperidol group showed a 
significant decrease (1.95 ng/g) (###p<0.001). Syndopa (10 mg/kg) significantly restored dopamine 
(3.10 ng/g) (***p<0.001). AEMP (100 mg/kg) and AECS (50 mg/kg) both improved dopamine levels 
(2.98 ng/g and 3.00 ng/g, respectively) (**p<0.01). Combination treatments showed significant 
results, with Group 8 (85 mg/kg: 70% AEMP + 30% AECS) achieving the highest dopamine level 
(3.08 ng/g), demonstrating the best synergistic effect (***p<0.001) (Fig 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Estimation of dopamine level in brain tissue by spectrofluorimetry in swiss albino mice 
 
Values are expressed as Mean ± SEM (n=6). Statistical analysis was carried out by One-way 
ANOVA followed by Dunnett’s multiple comparison test *p<0.05, **p<0.01, ***p<0.001 when 
compared with disease treated group. AEMP: Aqueous extract of Mucuna Pruriens L. seeds, 
AECS: Aqueous extract of Camellia Sinensis L. leaves, i.p.: intraperitoneal route, p.o.: oral route. 

 
3.5 Histopathology of brain tissue 
Histological examination of brain tissues confirmed the biochemical and behavioural results. The 
normal control group showed no signs of damage. The disease control group (Haloperidol) exhibited 
significant brain damage, including neuronal shrinkage, vacuolation, and gliosis. The standard drug 
(Syndopa) showed mild neuronal damage, indicating some neuroprotective effect. In the test groups, 
Group 4 (AEMP) showed mild degeneration with neuronal aggregation and vacuolation. Group 5 
(AECS) showed minimal vacuolation and gliosis, suggesting potential efficacy. Group 6 (AEMP 30% 

Technische Sicherheit ISSN NO: 1434-9728/2191-0073

Volume 25, Issue 8, 2025 PAGE NO: 491



+ AECS 70%) had mild to moderate degeneration. Group 7 (AEMP 50% + AECS 50%) showed mild 
degeneration but with some protective effects. Group 8 (AEMP 70% + AECS 30%) had minimal 
changes, indicating strong neuroprotective effects (Table 3 and Table 4). 

 
Table 3  
Histopathology of brain tissue (40x) 
 
 
 
 
 
 
 
 
 
 

          Normal Control                                Disease Control                             Standard Control 
                                                                      
 

 

 

 

 

                AEMP (Test 1)                            AECS (Test 2)                      AEMP: AECS (30%:70%) 
 
 

  

 

 

 

                       AEMP: AECS (50%:50%)                       AEMP: AECS (70%:30%) 
 
Table 4 
Observations of histopathology of brain tissue 
 

Sr 
no 

Groups Histopathological Observations Overall 
Pathological Grade 

1 Normal 
Control 

Normal neuronal morphology, no 
signs of degeneration 

0 

2 Disease 
Induced 

Neuronal cells shrinkage, 
vacuolation, gliosis 

Moderate (+++) 

3 Standard Drug Mostly preserved neurons, slight 
vacuolation 

Minimal (+) 

4 AEMP 
(Test 1) 

Mild neuronal damage, improved 
architecture vs haloperidol 

Mild (++) 
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5 AECS 
(Test 2) 

Minimal degeneration, improved 
neuronal preservation 

Minimal (+) 

6 AEMP: AECS 
(30%: 70%) 
(Test 3) 

Mild-to-moderate vacuolation, 
early gliosis, and some neuronal 
loss, especially due to reduced 
antioxidant defence 

Mild (++) to 
Moderate (+++) 

7 AEMP: AECS 
(50%: 50%) 
(Test 4) 

Mild changes, including 
occasional vacuolated neurons 
and slight gliosis, better than 
AEMP alone 

Mild (++) 

8 AEMP: AECS 
(70%: 30%) 
(Test 5) 

Well-preserved neurons, very few 
pathological changes 

Minimal (+) 

Note: Overall Grade score as- 0 = No Abnormality Detected, Minimal changes 
(+), Mild changes (++), Moderate changes (+++), Severe changes (++++). 

 
4. Discussion 
The present study investigated the antiparkinsonian effects of aqueous extract of Mucuna pruriens 
(L.) seeds (AEMP) and Camellia sinensis (L.) leaves (AECS), individually and in combinations, in a 
haloperidol-induced models of Parkinson’s disease in mice. These results demonstrated that both 
extracts exhibit significant neuroprotective and motor-restorative properties, as evidenced by 
improvements in behavioural parameters such as catalepsy duration and locomotor activity, supported 
by histopathological evaluation of brain tissue. 
 
Cataleptic immobility was markedly reduced in all treatment groups compared to the disease control 
group (Haloperidol), with the most synergetic effect observed in the group receiving a 70:30 
combination of AEMP and AECS. Similarly, locomotor activity, assessed via actophotometer, showed 
a substantial improvement in the group receiving a 70:30 combination of AEMP and AECS. 
Dopamine analysis supported the behavioral and histological findings, showing significant 
restoration of dopamine levels in extract-treated groups, especially those receiving combination 
therapy with higher AEMP proportions, indicating enhanced neuroprotective efficacy against 
haloperidol-induced dopaminergic depletion. Histological analysis reports that these behavioural 
outcomes, revealing preserved neuronal architecture and reduced neurodegenerative changes in 
extract-treated animals, particularly in groups receiving combination therapy. 
These results suggest that the combination therapy of AEMP and AECS produces a profound 
neurorestorative effect. AEMP offers dopaminergic support through L-DOPA. L-DOPA interacts with 
enzymes like tyrosine hydroxylase and dopamine decarboxylase and also influences downstream 
dopaminergic pathways involving D1 and D2 receptors, cAMP signalling, and ERK/MAPK cascades. 
Chronic administration, however, is associated with long-term complications such as L-DOPA-
induced dyskinesia (LID) and oxidative stress due to dopamine metabolism, which generates reactive 
oxygen species (ROS).  While AECS provides strong antioxidant and anti-inflammatory actions via 
its polyphenolic content, notably EGCG. This catechin is known for their strong antioxidant & anti-
inflammatory properties. EGCG is a multi-target agent, capable of modulating several key proteins 
involved in PD pathogenesis including alpha-synuclein (SNCA), caspases, NF-κB, BDNF, Nrf2, and 
Parkin. In the context of neurodegeneration, green tea extract showed to mitigate oxidative damage, 
modulate signalling pathways such as MAPK and NF-κB, and inhibit neuronal death. The dual-action 
mechanism—targeting both symptomatic relief and underlying neurodegeneration—makes this 
combination a promising candidate for further preclinical and clinical evaluation in Parkinson’s 
disease. 
Future research should aim to isolate the active principles and further delineate the underlying 
mechanisms. Based on these observations, we conclude that the combined aqueous extracts of AEMP 
and AECS, particularly at a 70:30 ratio (Test 5), possess potent anti-parkinsonian and neuroprotective 
potential without any observed toxicity, offering a promising phytotherapeutic alternative for 
Parkinson’s disease management. 
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5. Conclusion 
In the present study, aqueous extracts of Mucuna pruriens (L.) (AEMP) and Camellia sinensis (L.) 
(AECS), particularly in combination, significantly improved haloperidol-induced motor impairments 
and neurodegeneration in mice. The combination therapy, especially at 70% AEMP and 30% AECS, 
showed the most notable improvements in behavioural, biochemical (dopamine restoration), and 
histopathological outcomes. These effects are attributed to the dopaminergic action of AEMP (L-
DOPA content) and the antioxidant properties of AECS (EGCG content). The findings support the 
therapeutic potential of this plant-based combination for Parkinson’s disease, warranting further 
molecular and clinical investigations. 
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