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Abstract

Background: Parkinson's disease (PD) is a progressive neurodegenerative disorder defined by the selective loss of 
dopaminergic neurons in the substantia nigra pars compacta. Although oxidative stress and neuroinflammation 
are widely accepted as core pathological drivers, no disease-modifying pharmacotherapy is currently available. 
The Nrf2/Keap1/ARE signaling axis represents a pivotal endogenous cytoprotective mechanism and an attractive  
therapeutic target. Withania somnifera (Ashwagandha) and Amomum subulatum (Large Cardamom) individually 
exhibit neuroprotective properties; however, their combined potential through Nrf2 modulation has not been 
systematically explored.

Objective: To evaluate the synergistic neuroprotective effects of Withania somnifera and Amomum subulatum, 
individually and in combination, in a reserpine-induced rat model of Parkinson's disease, with mechanistic focus on 
Nrf2 pathway involvement.

Methods: Forty-two Wistar albino rats were divided into seven groups (n = 6): normal control, disease control  
(Reserpine 5 mg/kg, i.p.), standard drug (Selegiline 10 mg/kg), Withania somnifera ethanolic extract (100 mg/kg) 
(WS 100), po, Amomum subulatum methanolic extract 100 mg/kg po (AS 100), po, combination therapy Withania  
somnifera ethanolic extract (50 mg/kg), Amomum subulatum methanolic extract (50 mg/kg) (WS 50 + AS 50), po, 
and mechanistic group (Trigonelline 30 mg/kg, Withania somnifera ethanolic extract (50 mg/kg) and Amomum 
subulatum methanolic extract (50 mg/kg) (TG 30 + WS 50 + AS 50), po. Motor behavior, brain antioxidant enzyme 
activities (SOD, CAT, GSH, GPx), and substantia nigra histopathology were assessed after 21 days.

Results:  Combination  therapy  produced  the  most  pronounced  improvements  across  all  parameters   near-
normalization of akinesia (2.94 ± 0.21 s), locomotor counts (296.4 ± 11.2), rotarod retention (176.8 ± 6.2 s), and  
antioxidant enzymes  exceeding individual plant treatments and approaching selegiline. Trigonelline-mediated 
Nrf2 inhibition significantly attenuated these effects, confirming pathway dependence.

Conclusion: The combination of Withania somnifera and Amomum subulatum exerts synergistic neuroprotection 
primarily through Nrf2/Keap1/ARE pathway activation, supporting its further development as a complementary 
strategy in PD management.

Keywords: Parkinson's disease; Withania somnifera; Amomum subulatum; Nrf2/Keap1/ARE; neuroprotection; 
oxidative stress; reserpine model; synergism; dopaminergic neurons; antioxidant enzymes

1. Introduction 

Parkinson's disease (PD) is  the second most prevalent progressive neurodegenerative disorder globally, 
affecting an estimated 10 million people, with prevalence projected to double by 2040 owing to demographic 
ageing[1]. The clinical picture of PD encompasses both motor disturbances  resting tremor, bradykinesia, 
muscular rigidity, and postural instability  and a broad spectrum of non-motor features including cognitive 
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impairment,  autonomic  dysfunction,  sleep  disorders,  and  neuropsychiatric  symptoms[2],  [3].  At  the 
neuropathological  level,  PD  is  defined  by  the  selective  degeneration  of  dopaminergic  neurons  in  the 
substantia nigra pars compacta (SNpc) and by intraneuronal deposition of misfolded α-synuclein in the form 
of Lewy bodies[4].  Motor symptoms typically emerge only after approximately 70–80% of these neurons 
have been lost, highlighting the importance of identifying disease-modifying strategies capable of acting 
before  this  irreversible  threshold  is  reached[5].  The  pathogenesis  of  PD  is  multifactorial,  involving 
mitochondrial respiratory chain dysfunction, excessive reactive oxygen species (ROS) generation, chronic 
neuroinflammation,  impaired  protein  clearance  pathways,  and  apoptotic  cascades[6].  Among  these, 
oxidative stress occupies a central position: the SNpc is intrinsically susceptible to oxidative injury due to pro-
oxidant  dopamine  metabolism,  elevated  mitochondrial  activity,  and  limited  endogenous  antioxidant 
reserves[7]. Neuroinflammatory amplification through microglial activation and pro-inflammatory cytokines 
(TNF-α, IL-1β, IL-6) further accelerates ROS production and neuronal loss[8]. Current pharmacotherapy is  
centered on dopaminergic replacement  principally levodopa, dopamine agonists, and monoamine oxidase-B 
(MAO-B)  inhibitors  which  address  symptoms  but  do  not  modify  the  underlying  neurodegenerative 
process[9]. Long-term levodopa therapy is complicated by motor fluctuations and dyskinesias, while no 
disease-modifying therapy has yet achieved regulatory approval.

Figure 1.1: The Pathophysiological Cascade of Parkinson’s disease (PD). This figure illustrates the multi-factorial neurodegenerative 
process within the Substantia Nigra pars compacta (SNpc) that leads to the clinical manifestation of Parkinson’s Disease.
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Figure 1.2: Comprehensive Overview of Parkinson’s disease.This figure provides a multidimensional summary of Parkinson’s 
Disease (PD), spanning from global population trends to cellular pathology and clinical management.

This unmet need has directed growing research attention toward pathways that can augment intrinsic 
cytoprotective  mechanisms[10].The  Nuclear  factor  erythroid  2-related  factor  2  (Nrf2)/Kelch-like  ECH-
associated protein 1 (Keap1)/antioxidant response element (ARE) axis is an established master regulator of 
cellular redox homeostasis[11] .Under basal conditions Nrf2 is retained in the cytoplasm by Keap1 and 
undergoes  proteasomal  degradation;  electrophilic  or  oxidative  stress  modifies  critical  Keap1  cysteine 
residues,  liberating  Nrf2  to  translocate  to  the  nucleus  and  drive  ARE-dependent  transcription  of  
cytoprotective  genes  including  HO-1,  NQO1,  SOD,  catalase,  and  glutathione  biosynthesis 
enzymes[12]. .Pharmacological Nrf2 activation has consistently attenuated dopaminergic neurodegeneration 
and improved behavioral outcomes in experimental PD models[13]Within this context, Withania somnifera 
Dunal  (Ashwagandha),  a  foundational  Rasayana  herb  in  Ayurvedic  medicine,  has  emerged  as  a  well-
characterized neuroprotective agent.[14] Its principal withanolide constituents withaferin A and withanolide 
A activate Nrf2 through direct modification of Keap1 cysteine residues, suppress α-synuclein aggregation, and 
protect dopaminergic neurons in multiple PD models[15].  Amomum subulatum Roxb (Large Cardamom; 
family  Zingiberaceae),  indigenous to the Eastern Himalayan foothills,  is  rich in 1,8-cineole,  α-terpineol,  
limonene, and diverse phenolics and flavonoids[16].Emerging evidence indicates that 1,8-cineole inhibits NF-
κB-mediated neuroinflammation and reduces oxidative stress markers in neurological disease models.[17].  
The rationale for combining these two plants rests on pharmacodynamic complementarity: withanolides  
from Withania somnifera address Nrf2-Keap1 interaction and α-synuclein homeostasis, while terpenoid and 
phenolic constituents of Amomum subulatum suppress upstream NF-κB-mediated neuroinflammation and 
directly scavenge ROS.[18].  Despite individual evidence for each plant,  systematic investigation of their 
combined efficacy and Nrf2 pathway mechanistics remains absent. The present study addresses this gap 
using a 21-day reserpine-induced Parkinsonian rat model with comprehensive behavioral, biochemical, and 
histopathological evaluation.

2. Material and Methods

2.1 Ethical Approval and Animals

Forty-two male Wistar albino rats (200–250gm) were procured from an approved institutional animal facility. 
All procedures were conducted in accordance with the  CCSEA guidelines under prior Institutional Animal  
Ethics Committee approval. Animals were housed under standard conditions (25 ± 2°C, 12-h light/dark cycle) 
with standard diet and water ad libitum. A seven-day acclimatization period preceded all  experimental 
procedures. Animals will be maintained under standard laboratory conditions according to CCSEA guidelines 
such as Drinking Water, Feeding , Bedding of Animals etc. The study Experimental protocol  approved by the 
Institutional Animal Ethics Committee (IAEC), MVU University Protocol No. 015/IAEC/MVN/2025 .

2.2 Plant Material Authentication and Extract Preparation

The root powder of Withania somnifera and fruit powder of Amomum subulatum were procured from an 
authenticated herbal supplier, Ambe Naturals, and used for the preparation of plant extracts and dried  roots 
of  Withania Somnifera   and  fruits of  Amomum subulatum were separately and subjected to extraction 
Soxhlet apparatus, The Withania somnifera root powder was extracted using ethanol, whereas the Amomum 
subulatum fruit  powder was extracted using methanol  for 48–72 hours.  Extracts were filtered through 
Whatman No. 1 filter paper, concentrated under reduced pressure using a rotary evaporator, and stored at  
4°C until use.
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2.3 Experimental Groups and Treatment Protocol

Animals were randomly allocated to seven groups of six animals each (Table 1). Parkinsonism was induced by 
a single intraperitoneal  injection of  reserpine (5 mg/kg),  a  VMAT-2 inhibitor  that  produces irreversible 
monoamine  depletion  and  oxidative  dopaminergic  neurodegeneration  closely  mirroring  human  PD 
features.Following induction, oral gavage treatments were administered once daily for 21 days. Selegiline 
served  as  the  standard  reference  drug  due  to  its  selective  MAO-B  inhibitory  and  neuroprotective 
properties[19].[20].  Trigonelline,  a  naturally  occurring  Nrf2/ARE  inhibitor,  was  co-administered  in  the 
mechanistic group to pharmacologically interrogate Nrf2 pathway dependence[21] 

Table 1. Experimental Groups, Treatments, and Dosing Schedule

Grou
p

Treatment Drug and Dose No.  of 
Animals

I Normal Control Normal saline (daily),OD 6
II Disease Control Reserpine 5 mg/kg (Day 1-Day  5),i.p,OD 6
III Standard Drug Selegiline 10 mg/kg + Reserpine 5 mg/kg,p.o,OD 6
IV Test Drug1 (Withania somnifera treated)

(WSEE)
Withania somnifera 100 mg/kg + Reserpine 5 mg/kg,p.o,OD 6

V Test Drug 2 (Amomum subulatum 
treated)(ASME)

Amomum subulatum 100 mg/kg + Reserpine 5 mg/kg,p.o,OD 6

VI Test Drug 1 & 2 (Combination treatment)
(WSEE +ASME) 

WS 50 mg/kg + AS 50 mg/kg + Reserpine 5 mg/kg,p.o,OD 6

VII Nrf2 Antagonist + Test Drug 1 & Test Drug 
2)(WSEE +ASME) 

Trigonelline 30 mg/kg + WS 50 + AS 50 mg/kg + Reserpine 5 
mg/kg,p.o,OD

6

List of Abbreviations: -

NC Normal Control
DC Disease Control
STD Standard Drug
OD Once a Day
IP Intraperitoneal
p.o Orally
WSEE Withania Somniferous Ethanolic Extracts
ASME Amomum Subulatum Methanolic Extracts

2.4 Behavioral Assessments

Behavioral  tests  were  performed at  baseline  and  on  Days  7,  and  21.  Akinesia was  quantified  by  the 
stepping/bar test, recording latency to initiate voluntary forelimb movement.[22] Spontaneous locomotor 
activity was measured by digital actophotometer over 5 minutes. Motor coordination and grip strength were 
assessed using the rotarod test (constant speed: 20 rpm) and wire-hanging test, with retention time and 
hanging latency recorded, respectively[23]. 

2.5 Biochemical Estimation of Antioxidant Enzymes

At study termination (Day 22), animals were euthanized by CO₂ asphyxiation. Brain tissue homogenates were 
prepared in ice-cold phosphate buffer (0.1 M, pH 7.4). Superoxide dismutase (SOD) activity was measured by 
the NBT reduction assay (absorbance at 560 nm)[24] .. Catalase (CAT) activity was determined by monitoring 
H₂O₂ decomposition at 240 nm. Reduced glutathione (GSH) was estimated using Ellman's DTNB reagent (412 
nm)[25]. Glutathione peroxidase (GPx) activity was assessed by the coupled NADPH oxidation method (340  
nm). Protein concentrations were determined by the Lowry method; all enzyme activities were expressed per 
milligram of protein.
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2.6 Histopathological Evaluation

Brain tissues were fixed in 10% neutral buffered formalin (24–48 h), processed for paraffin embedding, and 
sectioned at 4–5 µm using a rotary microtome. Substantia nigra sections were stained with hematoxylin and 
eosin (H&E) and examined by light microscopy. Neuronal degeneration was scored semi-quantitatively on a  
0–4 scale encompassing neuronal density, vacuolization, pyknosis, gliosis, and inflammatory infiltration.

2.7 Statistical Analysis

All  data  are  expressed as  Mean ± Standard Error  of  Mean (SEM),  n  =  6.  Statistical  comparisons were 
performed using one-way analysis of variance (ANOVA) followed by Tukey's post hoc multiple comparison 
test (GraphPad Prism). A p-value < 0.05 was considered statistically significant. Significance levels are denoted 
as: ###/*** p < 0.001; ##/** p < 0.01; #/* p < 0.05 (### vs. normal control; *** vs. disease control; # vs.  
combination group).

3. Results

All reserpine-treated animals developed reliable Parkinsonian behavioral and biochemical alterations by Day 
1 post-induction, validating the experimental model. No mortality or severe adverse events were recorded in 
any group throughout the 21-day treatment period.

3.1 Effect on Akinesia

Reserpine administration caused a marked increase in movement initiation time relative to normal controls 
(9.84 ± 0.52 s  vs.  2.15 ± 0.18 s;  p  <  0.001),  reflecting severe dopamine-depletion–induced akinesia. [22] 

Selegiline substantially reduced akinesia latency (3.28 ± 0.24 s; p < 0.001 vs. disease control). Individual  
Withania somnifera and Amomum subulatum treatments reduced akinesia to 5.46 ± 0.31 s and 5.98 ± 0.36 s, 
respectively (both p < 0.01). Combination therapy achieved near-normalization (2.94 ± 0.21 s; p < 0.001),  
while  trigonelline  co-treatment  significantly  reversed  this  improvement  to  6.75  ±  0.42  s  (p  <  0.05  vs. 
combination), implicating Nrf2 pathway involvement.

3.2 Effect on Locomotor Activity

Actophotometric  assessment  demonstrated  a  profound reduction in  spontaneous  locomotor  counts  in 
disease control animals (108.4 ± 8.5 vs. 312.5 ± 12.6; p < 0.001). Both individual extracts produced moderate 
restorations  (Withania  somnifera:  210.8  ±  9.6;  Amomum  subulatum:  198.5  ±  10.1;  both  p  <  0.01). 
Combination therapy produced the highest locomotor recovery (296.4 ± 11.2; p < 0.001), approaching normal 
control values. Trigonelline administration reduced locomotor counts to 176.2 ± 8.8, significantly lower than 
the combination group (p < 0.05).

3.3 Effect on Rotarod Performance and Wire-Hanging Test

Disease control animals exhibited dramatically impaired rotarod retention (68.4 ± 5.2 s vs. 182.6 ± 6.4 s in  
normal controls;  p < 0.001).  Selegiline restored retention to 165.3 ± 5.8 s.  Individual  plant treatments  
improved retention to 128.4 ± 3.8 s and 118.6 ± 5.1 s, respectively. Combination therapy produced the 
greatest restoration (176.8 ± 6.2 s; p < 0.001 vs. disease control), statistically equivalent to selegiline. Wire-
hanging  test  results  followed  an  identical  trend,  with  the  combination  group  demonstrating  superior  
muscular endurance recovery. Trigonelline co-treatment reduced rotarod retention to 103.5 ± 3.9 s.
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Table 2. Effect of Treatments on Behavioral Parameters (Mean ± SEM, n = 6)

S No Group Akinesia Time(s) Locomotor 
Counts(s)

Rotarod 
Retention(s)

Hanging 
Time(s)

1 Normal Control 2.15 ± 0.18 312.5 ± 12.6 182.6 ± 6.4 78.4 ± 3.2
2 Disease Control 9.84 ± 0.52 ### 108.4 ± 8.5 ### 68.4 ± 5.2 ### 24.6 ± 2.1 ###
3 Standard Drug 3.28 ± 0.24 *** 275.6 ± 10.4 *** 165.3 ± 5.8 *** 72.1 ± 2.8 ***
4 Test Drug1 (Withania somnifera 

treated)(WSEE)
5.46 ± 0.31 ** 210.8 ± 9.6 ** 128.4 ± 3.8 ** 55.8 ± 2.4 **

5 Test Drug 2 (Amomum 
subulatum treated)(ASME)

5.98 ± 0.36 ** 198.5 ± 10.1 ** 118.6 ± 5.1 ** 51.3 ± 2.6 **

6 Test Drug 1 & 2 (Combination 
treatment)(WSEE +ASME) 

2.94 ± 0.21 *** 296.4 ± 11.2 *** 176.8 ± 6.2 *** 75.6 ± 3.0 ***

7 Nrf2 Antagonist + Test Drug 1 & 
Test Drug 2)(WSEE +ASME) 

6.75 ± 0.42 # 176.2 ± 8.8 # 103.5 ± 3.9 # 42.8 ± 2.2 #

### p<0.001 vs Normal Control; ** p<0.01, *** p<0.001 vs Disease Control; # p<0.05 vs Combination group

Figure: - 3 Effect of Treatments on Akinesia Test

Figure: - 4 Effect of Treatments on Locomotor Activity.
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Figure: - 5 Effect of Treatments on Rotarod Performance.

Figure: -6 Effects of Treatment on Hanging Test

3.4 Effect on Brain Antioxidant Enzyme Activities

Disease control animals displayed profound depletion of all four antioxidant parameters relative to normal 
controls (SOD: 3.15 ± 0.28 vs. 12.4 ± 0.62 U/mg protein; CAT: 16.2 ± 1.06 vs. 42.5 ± 1.84 µmol/min/mg protein; 
GSH: 2.48 ± 0.21 vs. 8.26 ± 0.42 µg/mg protein; GPx: 3.18 ± 0.24 vs. 9.82 ± 0.48 U/mg protein; all p < 0.001),  
confirming  severe  reserpine-induced oxidative  stress.[26].[27].Combination therapy  produced the  most 
complete restoration across all enzymes, significantly exceeding individual plant treatments and approaching 
normal control levels. Trigonelline co-administration substantially attenuated this antioxidant restoration, 
supporting Nrf2 pathway dependence (Table 3).

Table 3. Effect of Treatments on Brain Antioxidant Enzyme Activities (Mean ± SEM, n = 6)

S 
No

Group SOD(U/mg protein) CAT (u/min/mg) GSHx(ug/mg 
protein)

GPx(U/mg 
protein)

1 Normal Control 12.4 ± 0.62 42.5 ± 1.84 8.26 ± 0.42 9.82 ± 0.48
2 Disease Control 3.15 ± 0.28 ### 16.2 ± 1.06 ### 2.48 ± 0.21 ### 3.18 ± 0.24 ###
3 Standard Drug 10.85 ± 0.54 *** 38.6 ± 1.42 *** 7.14 ± 0.38 *** 8.64 ± 0.42 ***
4 Test Drug1 (Withania somnifera 

treated)(WSEE)
8.12 ± 0.41 ** 30.4 ± 1.28 ** 5.82 ± 0.31 ** 6.58 ± 0.35 **

5 Test Drug 2 (Amomum subulatum 
treated)(ASME)

7.68 ± 0.39 ** 28.8 ± 1.16 ** 5.41 ± 0.28 ** 6.12 ± 0.31 **

6 Test Drug 1 & 2 (Combination 
treatment)(WSEE +ASME) 

11.72 ± 0.58 *** 40.5 ± 1.62 *** 7.92 ± 0.36 *** 9.18 ± 0.44 ***

7 Nrf2 Antagonist + Test Drug 1 & Test 
Drug 2)(WSEE +ASME) 

6.42 ± 0.36 # 23.3 ± 1.18 # 3.38 ± 0.24 # 5.06 ± 0.28 #

### p<0.001 vs Normal Control; ** p<0.01, *** p<0.001 vs Disease Control; # p<0.05 vs Combination group.
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Figure:-7 Effects of Treatments of SOD Activity

Figure:- 8 Effects of Treatments of CAT.

Figure:- 9 Effects of Treatment on GSH Level.
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Figure:-10 Effects of Treatment Glutathione Peroxidase.

3.5 Histopathological Findings

Substantia nigra sections from normal control animals showed intact dopaminergic neuronal architecture 
with normal nuclear morphology and no inflammatory infiltration. Disease control animals demonstrated 
extensive neuronal degeneration, vacuolization, pyknotic nuclei, gliosis, and inflammatory cell infiltration 
(degeneration score: 3.00 ± 0.18)[28]. Selegiline treatment markedly preserved neuronal integrity (score: 
0.84 ± 0.12). Individual plant treatments provided moderate neuroprotection (Withania somnifera: 1.62 ± 
0.16;  Amomum subulatum:  1.78 ±  0.14).  Combination therapy produced the most  significant  neuronal 
preservation,  with  near-normal  architecture  and  minimal  gliosis  (score:  0.48  ±  0.10).  Trigonelline  co-
treatment  partially  reversed  these  benefits  (score:  2.14  ±  0.18;  p  <  0.05  vs.  combination),  providing  
morphological corroboration of Nrf2 pathway involvement.

Table 4. Effect of Treatments on Brain Histopathological Studies  (Mean ± SEM, n = 6)
S. No Group Name Neuronal Degeneration Score (Mean ± SEM)
1 Normal Control 0.25 ± 0.08 
2 Disease Control 3.00 ± 0.18### 
3 Standard Drug 0.84 ± 0.12***
4 Test Drug1 (Withania somnifera treated)(WSEE) 1.62 ± 0.16** 
5 Test Drug 2 (Amomum subulatum treated)(ASME) 1.78 ± 0.14** 
6 Test Drug 1 & 2 (Combination treatment)(WSEE +ASME) 0.48 ± 0.10*** 

7 Nrf2 Antagonist + Test Drug 1 & Test Drug 2)(WSEE +ASME) 2.14 ± 0.18# 

Figure No:-11 Effects of Treatment of Brain  Histopathological Studies.
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4. Discussion

To our knowledge, this is the first systematic preclinical investigation of the combined neuroprotective effects 
of  Withania  somnifera and  Amomum  subulatum in  a  reserpine-induced  Parkinsonian  model,  with 
pharmacological interrogation of the Nrf2/Keap1/ARE pathway. The convergence of behavioral, biochemical, 
and histopathological evidence consistently favored the combination over individual plant treatments, and 
the  mechanistic  evidence  from  trigonelline-mediated  Nrf2  inhibition  confirms  that  this  synergy  is 
substantially  pathway-dependent.Reserpine  is  a  well-validated  pharmacological  tool  for  modeling  key 
features of PD in rodents. Its irreversible blockade of VMAT-2 depletes vesicular dopamine stores, resulting in 
cytosolic accumulation of free dopamine that undergoes MAO-catalyzed oxidative metabolism generating 
superoxide radicals, hydrogen peroxide, and dopamine quinones[29]. This oxidative cascade overwhelms 
endogenous antioxidant defenses and drives dopaminergic neurodegeneration, faithfully recapitulating the 
motor deficits and biochemical oxidative burden characteristic of human PD. [23][30] The profound depletion 
of SOD, CAT, GSH, and GPx activities observed in the present study's disease control group is consistent with 
this well-established oxidative mechanism[31].  The anti-akinetic and pro-locomotor effects of  Withania  
somnifera align with prior reports demonstrating that withanolides particularly withaferin A  upregulate 
tyrosine  hydroxylase  expression,  augment  dopamine biosynthesis,  reduce α-synuclein  aggregation,  and 
suppress NF-κB neuroinflammatory signaling in experimental PD models.[32],[33],[34]. The locomotor and 
motor coordination improvements with Amomum subulatum are consistent with reported MAO-B inhibitory 
activity of its 1,8-cineole and α-terpineol constituents and potent free radical scavenging through phenolic 
and flavonoid content.[35] . The superiority of combination therapy over individual plant treatments points 
to genuine pharmacodynamic synergy[36]. Withanolides from Withania somnifera directly target the Nrf2-
Keap1 protein-protein interaction, while terpenoid and polyphenolic fractions from  Amomum subulatum 
contribute  upstream  NF-κB  suppression,  direct  ROS  scavenging,  and  metal  chelation.  These  distinct, 
converging mechanisms acting on shared cytoprotective nodes provide a pharmacological  basis for the 
observed combination superiority[37]. The mechanistic group provided pivotal evidence: trigonelline, which 
competes with Nrf2 for ARE binding without direct cytotoxicity,[38]. significantly attenuated all combination-
mediated improvements in a partial rather than complete manner. This partial reversal indicates that, while 
Nrf2/ARE activation is the primary mediator of the combination's neuroprotective efficacy, Nrf2-independent 
mechanisms — including direct  free radical  scavenging,  MAO-B inhibition,  and anti-neuroinflammatory 
activity also contribute meaningfully.[39] This multitarget pharmacological profile is particularly well-suited 
to the multifactorial pathogenesis of PD[40]. The comprehensive antioxidant enzyme restoration achieved by 
combination therapy is mechanistically consistent with known ARE-driven transcriptional induction of SOD, 
CAT, and glutathione biosynthesis enzymes by withanolide-mediated Nrf2 activation[41]. complemented by 
metal  chelation  and  GSH-sparing  effects  of  Amomum  subulatum flavonoids  and  polyphenols[42],[43]. 
Histopathological near-normalization of substantia nigra architecture in the combination group provides 
definitive morphological confirmation of these functional findings[44]. Both plants carry well-established 
safety profiles with extensive histories of human use[45] , [46]. Nonetheless, limitations include the reserpine 
model's  inability  to  reproduce  progressive  neurodegeneration  or  Lewy  body  pathology,  uncertainty 
regarding optimal combination dose ratios, and the absence of molecular Nrf2 target gene quantification and 
formal pharmacokinetic characterization.[47],[48]. Future studies employing transgenic α-synuclein models, 
[49],[50].  Western  blot  and  immunohistochemical  quantification  of  Nrf2/HO-1/NQO1,  and  full 
pharmacokinetic profiling will be essential for advancing this combination toward clinical evaluation[51].
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5. Conclusion

The  combination  of  Withania  somnifera and  Amomum  subulatum exerts  synergistic,  multitarget 
neuroprotective effects in reserpine-induced experimental Parkinsonism. The combination achieved near-
complete  normalization  of  motor  function,  antioxidant  enzyme  activities,  and  dopaminergic  neuronal 
architecture — outcomes comparable to the standard drug selegiline and significantly superior to either plant 
alone. Trigonelline-based Nrf2 inhibition confirmed that Nrf2/Keap1/ARE pathway activation is the principal 
mechanism,  with  secondary  contributions  from  Nrf2-independent  pathways.  Given  established  safety 
profiles  and  traditional  use  in  Ayurvedic  medicine,  this  polyherbal  combination  represents  a 
pharmacologically  rational  and evidence-based candidate for further development as a complementary 
neuroprotective strategy in Parkinson's disease management.

References

[1] From the American Association of Neurological Surgeons (AANS), American Society of Neuroradiology (ASNR), 
Cardiovascular  and  Interventional  Radiology  Society  of  Europe  (CIRSE),  Canadian  Interventional  Radiology 
Association  (CIRA),  Congress  of  Neurological  Surgeons  (CNS),  European  Society  of  Minimally  Invasive 
Neurological  Therapy (ESMINT),  European Society of  Neuroradiology (ESNR),  European Stroke Organization 
(ESO),  Society  for  Cardiovascular  Angiography  and  Interventions  (SCAI),  Society  of  Interventional  et  al., 
“Multisociety Consensus Quality Improvement Revised Consensus Statement for Endovascular Therapy of Acute 
Ischemic  Stroke,”  International  Journal  of  Stroke,  vol.  13,  no.  6,  pp.  612–632,  Aug.  2018,  doi: 
10.1177/1747493018778713.

[2] P.  C.  Prabu,  S.  Panchapakesan,  and  C.  D.  Raj,  “Acute  and  Sub Acute  Oral  Toxicity  Assessment  of  the‐  
Hydroalcoholic Extract of Withania somnifera Roots in Wistar Rats,” Phytotherapy Research, vol. 27, no. 8, pp. 
1169–1178, Aug. 2013, doi: 10.1002/ptr.4854.

[3] M. G. Spillantini, M. L. Schmidt, V. M.-Y. Lee, J. Q. Trojanowski, R. Jakes, and M. Goedert, “α-Synuclein in Lewy 
bodies,” Nature, vol. 388, no. 6645, pp. 839–840, Aug. 1997, doi: 10.1038/42166.

[4] N. Singh, M. Bhalla, P. De Jager, and M. Gilca, “An Overview on Ashwagandha: A Rasayana (Rejuvenator) of  
Ayurveda,” Afr. J. Trad. Compl. Alt. Med., vol. 8, no. 5S, Jul. 2011, doi: 10.4314/ajtcam.v8i5S.9.

[5] H. Ceulemans, W. Stalmans, and M. Bollen, “Regulator driven functional diversification of protein phosphatase 1‐ ‐  
in eukaryotic evolution,” BioEssays, vol. 24, no. 4, pp. 371–381, Apr. 2002, doi: 10.1002/bies.10069.

[6] H. Ceulemans, W. Stalmans, and M. Bollen, “Regulator driven functional diversification of protein phosphatase 1‐ ‐  
in eukaryotic evolution,” BioEssays, vol. 24, no. 4, pp. 371–381, Apr. 2002, doi: 10.1002/bies.10069.

[7] J. Gao  et al., “Effects of ginseng berry saponins from panax ginseng on glucose metabolism of patients with  
prediabetes: A randomized, double-blinded, placebo-controlled, crossover trial,”  Phytomedicine,  vol. 132, p. 
155842, Sep. 2024, doi: 10.1016/j.phymed.2024.155842.

[8] A. Bhandal, “Effect of fermentation on in vitro digestibilities and the level of antinutrients in moth bean [ Vigna 
aconitifolia (Jacq.)  Marechal],”  Int  J  of  Food  Sci  Tech,  vol.  43,  no.  11,  pp.  2090–2094,  Nov.  2008,  doi: 
10.1111/j.1365-2621.2008.01827.x.

[9] M. Olsson, G. Nikkhah, C. Bentlage, and A. Bjorklund, “Forelimb akinesia in the rat Parkinson model: differential  
effects of dopamine agonists and nigral transplants as assessed by a new stepping test,” J. Neurosci., vol. 15, no. 
5, pp. 3863–3875, May 1995, doi: 10.1523/JNEUROSCI.15-05-03863.1995.

[10] I. Buendia, P. Michalska, E. Navarro, I. Gameiro, J. Egea, and R. León, “Nrf2–ARE pathway: An emerging target 
against oxidative stress and neuroinflammation in neurodegenerative diseases,” Pharmacology & Therapeutics, 
vol. 157, pp. 84–104, Jan. 2016, doi: 10.1016/j.pharmthera.2015.11.003.

[11] I. Lastres-Becker et al., “Repurposing the NRF2 Activator Dimethyl Fumarate as Therapy Against Synucleinopathy 
in  Parkinson’s  Disease,”  Antioxidants  &  Redox  Signaling,  vol.  25,  no.  2,  pp.  61–77,  Jul.  2016,  doi: 
10.1089/ars.2015.6549.

https://doi.org/10.64823/ijmhs.2601002 Page 11 of 14



Int. J. Medi. Heal. Scie. 2026, 1 Tanwar et al.

[12] C. Tonelli, I. I. C. Chio, and D. A. Tuveson, “Transcriptional Regulation by Nrf2,” Antioxid Redox Signal, vol. 29, no. 
17, pp. 1727–1745, Dec. 2018, doi: 10.1089/ars.2017.7342.

[13] C. Ríos-Luci, E. Díaz-Rodríguez, L. Gandullo-Sánchez, L. Díaz-Gil, A. Ocaña, and A. Pandiella, “Adaptive resistance 
to trastuzumab impairs response to neratinib and lapatinib through deregulation of cell death mechanisms,” 
Cancer Lett, vol. 470, pp. 161–169, Feb. 2020, doi: 10.1016/j.canlet.2019.11.026.

[14] K. Zhang et al., “Long-term outcomes in total arch replacement combined with frozen elephant trunk for acute 
type  A  aortic  dissection,”  J  Thorac  Cardiovasc  Surg,  vol.  170,  no.  4,  pp.  994-1005.e9,  Oct.  2025,  doi: 
10.1016/j.jtcvs.2024.11.025.

[15] S. K. Pal and O. Sartor, “Prostate cancer: the best fit for enzalutamide in metastatic prostate cancer,” Nat Rev Clin  
Oncol, vol. 11, no. 9, pp. 504–506, Sep. 2014, doi: 10.1038/nrclinonc.2014.128.

[16] N. Singh, M. Bhalla, P. de Jager, and M. Gilca, “An overview on ashwagandha: a Rasayana (rejuvenator) of 
Ayurveda,”  Afr  J  Tradit  Complement  Altern  Med,  vol.  8,  no.  5  Suppl,  pp.  208–213,  2011,  doi: 
10.4314/ajtcam.v8i5S.9.

[17] H. Root-Gutteridge, L. P. Brown, J. Forman, A. T. Korzeniowska, J. Simner, and D. Reby, “Using a new video rating 
tool to crowd-source analysis of behavioural reaction to stimuli,” Anim Cogn, vol. 24, no. 5, pp. 947–956, Sep. 
2021, doi: 10.1007/s10071-021-01490-8.

[18] H. Chen, Y. Wu, Z. Zou, X. Yang, and Y. F. Tsang, “Thermal hydrolysis alleviates polyethylene microplastic-induced 
stress in anaerobic digestion of waste activated sludge,” J Hazard Mater, vol. 470, p. 134124, May 2024, doi: 
10.1016/j.jhazmat.2024.134124.

[19] D. He et al., “POLE mutation combined with microcystic, elongated and fragmented (MELF) pattern invasion in  
endometrial carcinomas might be associated with poor survival in Chinese women,” Gynecol Oncol, vol. 159, no. 
1, pp. 36–42, Oct. 2020, doi: 10.1016/j.ygyno.2020.07.102.

[20] Y. Fu et al., “Spread of a common blaNDM-1-carrying plasmid among diverse Acinetobacter species,” Infect Genet  
Evol, vol. 32, pp. 30–33, Jun. 2015, doi: 10.1016/j.meegid.2015.02.020.

[21] R. Betarbet, T. B. Sherer, and J. T. Greenamyre, “Animal models of Parkinson’s disease,” Bioessays, vol. 24, no. 4, 
pp. 308–318, Apr. 2002, doi: 10.1002/bies.10067.

[22] S. Sharma, H. Verma, and S. Kalra, “Surreptitious Intramuscular Cysticercosis,” Am J Med Sci, vol. 367, no. 6, pp. 
e74–e75, Jun. 2024, doi: 10.1016/j.amjms.2024.02.006.

[23] S. Y. Fu and T. Gordon, “Contributing factors to poor functional recovery after delayed nerve repair: prolonged  
axotomy,” J Neurosci, vol. 15, no. 5 Pt 2, pp. 3876–3885, May 1995, doi: 10.1523/JNEUROSCI.15-05-03876.1995.

[24] H. Ishida  et al.,  “Reduced-intensity allogenic transplantation for children and adolescents with Philadelphia 
chromosome-positive acute lymphoblastic leukemia,” Ann Hematol, vol. 103, no. 3, pp. 843–854, Mar. 2024, doi: 
10.1007/s00277-023-05557-z.

[25] H. Ishida  et al.,  “Reduced-intensity allogenic transplantation for children and adolescents with Philadelphia 
chromosome-positive acute lymphoblastic leukemia,” Ann Hematol, vol. 103, no. 3, pp. 843–854, Mar. 2024, doi: 
10.1007/s00277-023-05557-z.

[26] L. Bai, J.  Gao, F. Wei, J.  Zhao, D. Wang, and J. Wei, “Therapeutic Potential of Ginsenosides as an Adjuvant  
Treatment for Diabetes,” Front. Pharmacol., vol. 9, p. 423, May 2018, doi: 10.3389/fphar.2018.00423.

[27] A. L. Olsen and M. B. Feany, “Parkinson’s disease risk genes act in glia to control neuronal α-synuclein toxicity,”  
Neurobiology of Disease, vol. 159, p. 105482, Nov. 2021, doi: 10.1016/j.nbd.2021.105482.

[28] L. Bai, J.  Gao, F. Wei, J.  Zhao, D. Wang, and J. Wei, “Therapeutic Potential of Ginsenosides as an Adjuvant  
Treatment for Diabetes,” Front. Pharmacol., vol. 9, p. 423, May 2018, doi: 10.3389/fphar.2018.00423.

[29] S.  Baliyan  et  al.,  “Determination  of  Antioxidants  by  DPPH  Radical  Scavenging  Activity  and  Quantitative 
Phytochemical  Analysis  of  Ficus  religiosa,”  Molecules,  vol.  27,  no.  4,  p.  1326,  Feb.  2022,  doi: 
10.3390/molecules27041326.

[30] D. Chutia, C. K. Tyagi, and N. R. Bhuyan, “Isolation, characterization, and biological evaluation of ethanolic extract 
of Ajos sacha in Streptozotocin-induced hyperglycemia in Wistar albino rats,” South African Journal of Botany, vol. 
148, pp. 526–536, Aug. 2022, doi: 10.1016/j.sajb.2022.05.035.

[31] B. Kaur and J. Saxena, “Study on the Effect of Phaseolus vulgaris Methanol Extract on Haloperidol and Tacrine 
Induced Parkinsonism,” IJPER, vol. 56, no. 3, pp. 804–809, Jun. 2022, doi: 10.5530/ijper.56.3.131.

https://doi.org/10.64823/ijmhs.2601002 Page 12 of 14



Int. J. Medi. Heal. Scie. 2026, 1 Tanwar et al.

[32] B. Kaur and J. Saxena, “Study on the Effect of Phaseolus vulgaris Methanol Extract on Haloperidol and Tacrine 
Induced Parkinsonism,” IJPER, vol. 56, no. 3, pp. 804–809, Jun. 2022, doi: 10.5530/ijper.56.3.131.

[33] J. Kosaraju, S. Chinni, P. Roy, E. Kannan, As. Antony, and M. N. S. Kumar, “Neuroprotective effect of Tinospora  
cordifolia ethanol extract on 6-hydroxy dopamine induced Parkinsonism,” Indian J Pharmacol, vol. 46, no. 2, p. 
176, 2014, doi: 10.4103/0253-7613.129312.

[34] A. C. Lima et al., “Female Rats Are Resistant to Cognitive, Motor and Dopaminergic Deficits in the Reserpine-
Induced Progressive Model of Parkinson’s Disease,” Front. Aging Neurosci., vol. 13, p. 757714, Oct. 2021, doi: 
10.3389/fnagi.2021.757714.

[35] A.  Paul  and  K.  S.  Yadav,  “Parkinson’s  disease:  Current  drug  therapy  and  unraveling  the  prospects  of 
nanoparticles,”  Journal  of  Drug  Delivery  Science  and  Technology,  vol.  58,  p.  101790,  Aug.  2020,  doi: 
10.1016/j.jddst.2020.101790.

[36] W. Yi and H. Y. Wetzstein, “Effects of Drying and Extraction Conditions on the Biochemical Activity of Selected 
Herbs,” horts, vol. 46, no. 1, pp. 70–73, Jan. 2011, doi: 10.21273/HORTSCI.46.1.70.

[37] L. Bai, J.  Gao, F. Wei, J.  Zhao, D. Wang, and J. Wei, “Therapeutic Potential of Ginsenosides as an Adjuvant  
Treatment for Diabetes,” Front. Pharmacol., vol. 9, p. 423, May 2018, doi: 10.3389/fphar.2018.00423.

[38] S.  Baliyan  et  al.,  “Determination  of  Antioxidants  by  DPPH  Radical  Scavenging  Activity  and  Quantitative 
Phytochemical  Analysis  of  Ficus  religiosa,”  Molecules,  vol.  27,  no.  4,  p.  1326,  Feb.  2022,  doi: 
10.3390/molecules27041326.

[39] D. Chutia, C. K. Tyagi, and N. R. Bhuyan, “Isolation, characterization, and biological evaluation of ethanolic extract 
of Ajos sacha in Streptozotocin-induced hyperglycemia in Wistar albino rats,” South African Journal of Botany, vol. 
148, pp. 526–536, Aug. 2022, doi: 10.1016/j.sajb.2022.05.035.

[40] O. F. Fagbohun, B. Olawoye, A. N. Ademakinwa, K. A. Jolayemi, and T. A. M. Msagati, “Metabolome modulatory  
effects of  Kigelia africana (Lam.) Benth. fruit extracts on oxidative stress, hyperlipidaemic biomarkers in STZ-
induced diabetic rats and antidiabetic effects in 3T3 L1 adipocytes,” Journal of Pharmacy and Pharmacology, vol. 
72, no. 12, pp. 1798–1811, Dec. 2020, doi: 10.1111/jphp.13362.

[41] F.  I.  Fahad  et  al.,  “Investigation  of  the  Pharmacological  Properties  of  Lepidagathis  hyalina  Nees  through 
Experimental Approaches,” Life, vol. 11, no. 3, p. 180, Feb. 2021, doi: 10.3390/life11030180.

[42] B. Kaur and J. Saxena, “Study on the Effect of Phaseolus vulgaris Methanol Extract on Haloperidol and Tacrine 
Induced Parkinsonism,” IJPER, vol. 56, no. 3, pp. 804–809, Jun. 2022, doi: 10.5530/ijper.56.3.131.

[43] B. Khanzada  et al., “Profiling of Antifungal Activities and In Silico Studies of Natural Polyphenols from Some 
Plants,” Molecules, vol. 26, no. 23, p. 7164, Nov. 2021, doi: 10.3390/molecules26237164.

[44] J. Kosaraju, S. Chinni, P. Roy, E. Kannan, As. Antony, and M. N. S. Kumar, “Neuroprotective effect of Tinospora  
cordifolia ethanol extract on 6-hydroxy dopamine induced Parkinsonism,” Indian J Pharmacol, vol. 46, no. 2, p. 
176, 2014, doi: 10.4103/0253-7613.129312.

[45] A. C. Lima et al., “Female Rats Are Resistant to Cognitive, Motor and Dopaminergic Deficits in the Reserpine-
Induced Progressive Model of Parkinson’s Disease,” Front. Aging Neurosci., vol. 13, p. 757714, Oct. 2021, doi: 
10.3389/fnagi.2021.757714.

[46] V. Osipova, M. Polovinkina, Y. Gracheva, D. Shpakovsky, A. Osipova, and N. Berberova, “Antioxidant activity of  
some organosulfur compounds in vitro,” Arabian Journal of Chemistry, vol. 14, no. 4, p. 103068, Apr. 2021, doi: 
10.1016/j.arabjc.2021.103068.

[47] M. Reale et al., “Peripheral cytokines profile in Parkinson’s disease,” Brain, Behavior, and Immunity, vol. 23, no. 1, 
pp. 55–63, Jan. 2009, doi: 10.1016/j.bbi.2008.07.003.

[48] X. Liu et al., “The antidepressant-like effect of bacopaside I: possible involvement of the oxidative stress system 
and  the  noradrenergic  system,”  Pharmacol  Biochem  Behav,  vol.  110,  pp.  224–230,  Sep.  2013,  doi: 
10.1016/j.pbb.2013.07.007.

[49] S. Chen et al., “Effects of total dissolved gas supersaturated water on lethality and catalase activity of Chinese 
sucker (Myxocyprinus asiaticus Bleeker),”  J Zhejiang Univ Sci B, vol. 13, no. 10, pp. 791–796, Oct. 2012, doi: 
10.1631/jzus.B1200022.

https://doi.org/10.64823/ijmhs.2601002 Page 13 of 14



Int. J. Medi. Heal. Scie. 2026, 1 Tanwar et al.

[50] C. Becchetti et al., “2D shear wave elastography of the rectus femoris muscle in patients with cirrhosis: Feasibility 
and clinical findings. A pilot study,” Clin Res Hepatol Gastroenterol, vol. 47, no. 3, p. 102080, Mar. 2023, doi: 
10.1016/j.clinre.2023.102080.

[51] L.  Du,  S.  Wang,  P.  Zhu,  and Z.  Jiang,  “Eco-friendly  phosphorus-free flame-retardant  coating for  microfiber  
synthetic leather via alginate-based layer-by-layer technology,” Int J Biol Macromol, vol. 258, no. Pt 2, p. 129007, 
Feb. 2024, doi: 10.1016/j.ijbiomac.2023.129007.

© 2026 The Author(s). Published by IORO Publications under a Creative Commons Attribution 4.0 International (CC BY 4.0) license.

https://doi.org/10.64823/ijmhs.2601002 Page 14 of 14


	1. Introduction
	2. Material and Methods
	2.1 Ethical Approval and Animals
	2.2 Plant Material Authentication and Extract Preparation
	2.3 Experimental Groups and Treatment Protocol
	2.4 Behavioral Assessments
	2.5 Biochemical Estimation of Antioxidant Enzymes
	2.6 Histopathological Evaluation
	2.7 Statistical Analysis

	3. Results
	3.1 Effect on Akinesia
	3.2 Effect on Locomotor Activity
	3.3 Effect on Rotarod Performance and Wire-Hanging Test
	3.4 Effect on Brain Antioxidant Enzyme Activities
	3.5 Histopathological Findings

	4. Discussion
	5. Conclusion
	References

