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INTRODUCTION 

Parkinson's disease is a common and complex 

neurological condition. marked by a range of motor and 

non-motor symptoms, including cognitive deterioration, 

muscle rigidity, and tremors.
[1

 Parkinson’s disease (PD) 

is identified as the most rapidly increasing neurological 

ailment globally regarding death, disability, and age-

standardized prevalence. According to data from the 

World Health Organization (WHO) in 2019, the global 

prevalence of individuals with Parkinson's Disease (PD) 

exceeded 8.5 million.
[2

 Parkinson's disease impacts 

approximately 0.3% of the global population, affecting 

around 1% of individuals aged 60 and older. Among 

those aged 85 and above, about 4-5% are affected by the 

condition. After Alzheimer's disease, it is the second 

most common neurodegenerative disease and is linked to 

significant functional impairment and a lower quality of 

life.
[3

 The pathological hallmark of Parkinson's disease 

(PD) is the gradual degradation of dopaminergic neurons 

in the substantia nigra pars compacta, which leads to the 

development of Lewy bodies and the motor impairments 

that are characteristic of PD. Numerous molecular 

pathogenic processes and signaling pathways, such as 

alpha-synuclein proteostasis, oxidative stress, calcium 

homeostasis, axonal transport, neuroinflammation, and 

mitochondrial function, are associated with Parkinson's 

disease.
[4

 The precise etiology of Parkinson's disease 

remains largely unknown; however, research suggests 

that aging, environmental factors, and genetics may all 

have a role.
[5

 Current treatment regimens for 

neurodegenerative disorders, such as Parkinson's disease, 

often include medications like levodopa and various 

dopaminergic agonists. These drugs work by 

replenishing dopamine levels in the brain, effectively 

alleviating symptomatic motor difficulties such as 

tremors, stiffness, and bradykinesia (slowness of 

movement). While these interventions can significantly 

improve patients' quality of life, they frequently result in 

severe side effects, including dyskinesias (involuntary 

movements), hallucinations, and mood changes. 
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Additionally, long-term use of these medications can 

lead to fluctuating responses, often referred to as "on-

off" phenomena, where patients experience periods of 

improved mobility followed by sudden loss of motor 

function. Unfortunately, despite advances in 

symptomatic treatment, there are currently no 

pharmacological options available that can halt the 

underlying neurodegenerative process, meaning the 

progression of the disease continues unabated in most 

patients.
[6

 

 

Identifying the most effective disease model and 

thoroughly investigating the underlying mechanisms of 

Parkinson's disease (PD) is critical due to the 

multifaceted nature of the disorder and its complex 

etiology, which involves genetic, environmental, and 

neurobiological factors. In recent decades, the utilization 

of various animal models, such as mice and non-human 

primates, along with advanced cellular models, including 

induced pluripotent stem cells (iPSCs), has led to 

significant advancements in our understanding of PD. 

These models have provided valuable insights into the 

pathophysiological processes that characterize the 

disease, including protein aggregation, mitochondrial 

dysfunction, and neuroinflammation.
[7

 

 

Significant progress has been made in developing models 

for Parkinson's disease; however, the search for an ideal 

model that accurately reflects the human condition and 

predicts therapeutic outcomes continues. Such a model 

could lead to critical breakthroughs in treatment 

strategies, including innovative pharmacological 

interventions and other novel therapeutic approaches. 

This review aims to examine the current experimental 

model systems for Parkinson's disease, highlighting their 

respective strengths and weaknesses, potential directions 

for future research, and the pressing unresolved issues 

facing the field. 

 

Animal Model of PD 

Parkinson's disease (PD) has several animal models, 

unlike many other neurodegenerative illnesses. A few of 

these classes—pharmacological, toxin, genetic, and α-

synuclein
[8 

are briefly discussed here. Since we have 

focused on mammalian models here, readers who are 

interested in the various non-mammalian models, such as 

those in Drosophila melanogaster or Caenorhabditis 

elegans, are directed to the reviews that are currently 

available on mammalian models. 

 

The pharmacological model 

Reserpine 

Reserpine and Haloperidol were among the first drugs 

used to develop in vivo models for Parkinson's disease, 

playing a foundational role in early research on the 

disorder.
[9]

 In 1957, Carlsson and his colleagues 

developed one of the earliest animal models of 

Parkinson's disease by administering reserpine.
[10

 The 

vesicular monoamine transporter (VMAT) type 2 is 

inhibited by reserpine. Monoamine storage and release in 

nerve terminals are decreased when this transporter is 

blocked. Muscle rigidity and reduced mobility are the 

results of this monoamine deficiency.
[11

 Reserpine 

administration in rodents’ mimics early Parkinson's 

disease (PD) symptoms, including motor issues like 

slowed movement and rigidity, along with cognitive and 

emotional deficits.
[12

 In male rats, it leads to temporary 

dopamine neuron loss in movement-related brain areas, 

while females show less damage. Levodopa (L-DOPA) 

can partially reverse these effects.
[11

 Reserpine also 

increases striatal oxidative stress by raising lipid 

peroxidation and the oxidized/reduced glutathione ratio 

(GSSG/GSH), causing cellular damage.
[14,[15

 However, it 

does not replicate advanced PD features like Lewy body 

formation or permanent neuron loss. Despite these 

limitations, reserpine induces non-motor symptoms such 

as sleep disturbances and anxiety, making it a valuable 

model for studying early PD and oxidative stress-related 

neurochemical changes.
[16

 

 

Haloperidol 

Haloperidol is a commonly used antipsychotic 

medication that serves as a valuable tool for simulating 

Parkinson's disease in rodent models. This drug 

reversibly inhibits dopamine D2 receptors, which are 

crucial in regulating movement and coordination.
[9

 The 

inhibition of these receptors leads to catalepsy, a 

condition characterized by a lack of response to external 

stimuli and prolonged muscle rigidity. This behavioral 

response is widely regarded as a primitive but useful 

model for studying the motor deficits associated with 

Parkinson's disease, allowing researchers to investigate 

potential treatments and the underlying mechanisms of 

this neurodegenerative disorder.
[17

 Furthermore, acute 

treatment with haloperidol, an antipsychotic medication, 

significantly reduces the concentration of 

neurotransmitters such as dopamine, noradrenaline, and 

serotonin within the striatum, a critical region of the 

brain involved in functions like motor control and reward 

processing. This decrease in neurotransmitter levels can 

affect various neurobiological pathways and may 

contribute to both the drug's therapeutic effects and its 

side effects.
[18

 Haloperidol may be less pertinent for 

investigating new neuroprotective or neurorepair 

strategies for Parkinson's disease.
[10

 

 

Neurotoxin-induced PD 

6-Hydroxydopamine (6-OHDA) 

More than 60 years have passed since 6-

hydroxydopamine (6-OHDA) was identified as a 

neurotoxin that mainly damages neurons by causing 

severe oxidative stress. Because of its structural 

resemblance to dopamine, 6-ODHA is absorbed into 

dopaminergic neurons via the dopamine transporter. 

Auto-oxidation occurs after it enters the cell, producing 

reactive oxygen species, particularly hydrogen 

peroxide.
[19,[20

 This highly oxidizable dopamine analog 

directly inhibits mitochondrial complex I and produces 

reactive oxygen species (ROS). As a result, cytochrome 

c is released, which activates microglia and astrocytes. 6-
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OHDA must be injected intracranially to produce its 

harmful effects since it cannot pass through the blood-

brain barrier (BBB).
[21

 Damage to dopaminergic axon 

terminals brought on by 6-OHDA injection into the 

striatum sets off neurodegenerative processes that 

eventually result in the death of neurons in the substantia 

nigra, a crucial area of the brain for controlling 

movement. Deficits in dopamine signaling resulting from 

the death of these neurons mimic the deficits in motor 

control observed in diseases like Parkinson's disease.
[22

 

 

MPTP 

MPTP is one of the most often employed neurotoxins in 

animal models of Parkinson's disease. MPTP readily 

penetrates the blood-brain barrier since it is a lipophilic 

molecule. Following systemic injection, MPTP is 

changed into the powerful dopaminergic neurotoxin 1-

methyl-4-phenylpyridinium ion (MPP+) by astrocyte 

monoamine oxidase B. The dopamine transporter (DAT) 

allows dopaminergic neurons to easily absorb MPP+ 

because of its structural resemblance to dopamine.
[5,[23

 

MPTP-induced toxicity is frequently characterized as 

being ―specific‖ to dopamine neurons, primarily because 

it is known to cause significant damage to these cells, 

particularly in the context of Parkinson's disease. 

However, extensive research has demonstrated that 

MPTP induces a range of multisystemic lesions, 

affecting not only the dopaminergic pathways but also 

various other neurotransmitter systems and neural 

populations throughout the central and peripheral 

nervous systems, leading to broader neurodegenerative 

effects.
[24 

MPTP can be administered through a variety of 

methods, such as oral ingestion or intracerebral 

stereotaxic injections, which allow for precise targeting 

within the brain. However, the most reliable and 

reproducible techniques for inducing lesions involve 

systemic injections—whether subcutaneous, intravenous, 

intraperitoneal, or intramuscular—and intracarotid artery 

injections of a freshly prepared MPTP solution. These 

methods ensure consistent outcomes in experimental 

settings. Among the animal models, mice and monkeys 

are predominantly used for MPTP research due to their 

susceptibility to the compound, while rats exhibit a 

notable insensitivity to MPTP, limiting their utility in 

such studies.
[25

 The specificity of MPTP can help clarify 

the role of dopamine in the development of certain 

neurological movement syndromes. 

 

Rotenone 

Rotenone is a broad-spectrum insecticide and pesticide 

derived from natural plant extracts. It can easily cross the 

blood-brain barrier because of its hydrophobic 

properties
[26 

Rotenone is a potent inhibitor of 

mitochondrial complex I, an essential component of the 

electron transport chain involved in cellular respiration. 

This compound selectively targets and damages 

dopaminergic neurons, which are crucial in regulating 

movement and coordination. As a result of this 

neurotoxic action, exposure to rotenone induces 

behavioral dysfunctions that closely resemble the 

symptoms of Parkinson's disease, including tremors, 

rigidity, and bradykinesia.
[27

 Rotenone is a lipophilic 

compound that easily crosses cell membranes and 

penetrates the blood-brain barrier. At doses of 2 to 3 

mg/kg per day, it results in the loss of dopamine 

terminals in the striatum, which is followed by the 

gradual degeneration of dopamine neurons in the 

substantia nigra.
[28

 The toxin inhibits mitochondrial 

complex I, leading to an increase in reactive oxygen 

species (ROS), a reduction in proteasome activity, and 

lower levels of dopamine (DA) and glutathione (GSH). 

This sequence of events results in oxidative damage. In 

studies, this toxin has been administered daily to rats and 

mice through various methods, including intraperitoneal 

(i.p.) injections, intravenous and subcutaneous routes, 

intragastric administration, and stereotaxic injections into 

the brain.
[29,[32

 Rotenone, a potent inhibitor of 

mitochondrial respiration, achieves its maximum 

concentration in the central nervous system (CNS) in 

approximately 15 minutes following administration. 

After reaching this peak level, the concentration of 

rotenone reduces significantly, declining to roughly half 

of its maximal value within less than 2 hours. This rapid 

turnover may influence its overall efficacy and potential 

side effects in neurological studies and treatments.
[31

 

 

Paraquat 

Paraquat is a widely used herbicide recognized for its 

neurotoxic properties, which are attributed to its 

structural resemblance to MPP+. The extensive use of 

paraquat as a pesticide has raised public concern, as it 

may be linked to environmental factors contributing to 

Parkinson's disease (PD).
[5

 Paraquat is unable to 

penetrate the blood-brain barrier, leaving its precise 

mechanism of action in the context of Parkinson's 

disease (PD) largely unexplained. While paraquat itself 

is not directly transported by the dopamine transporter 

(DAT), it is converted into the active metabolite PQ2+. 

This compound is believed to infiltrate dopamine 

neurons through the DAT, potentially contributing to the 

neurodegenerative processes observed in PD.
[10,32]

 

Paraquat enters the brain through the neutral amino acid 

transporter, facilitating its passage across the blood-brain 

barrier.
[33

 Following this initial transport, paraquat is 

taken up into cells via sodium-dependent mechanisms. 

Once inside the cells, paraquat induces indirect 

mitochondrial toxicity through a process called redox 

cycling. This process produces reactive oxygen species, 

which causes oxidative stress and damage cellular 

components. Furthermore, at higher concentrations, 

paraquat directly inhibits complex I of the mitochondrial 

electron transport chain. This inhibition disrupts the 

production of adenosine triphosphate (ATP), further 

contributing to mitochondrial dysfunction and cellular 

injury
[36 

Paraquat disrupts the redox cycling of 

glutathione and thioredoxin, which impairs their 

protective functions against oxidative stress in cells.
[5]
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Genetic model 

Alpha-synuclein 

Alpha-synuclein is a small yet important protein made up 

of 140 amino acids, primarily located in the neuronal 

cells of the brain, where it is especially abundant at the 

presynaptic terminals.
[35

 The exact physiological role of 

α-synuclein is still not fully understood. However, many 

studies suggest that it plays a crucial regulatory role in 

membrane and vesicular dynamics, which are essential 

for neurotransmitter release and effective synaptic 

communication. Additionally, extensive research has 

shown that specific mutations in the α-synuclein gene, 

such as the A53T, A30P, and E46K substitutions, as well 

as gene duplications or triplications, are responsible for 

dominantly inherited forms of Parkinson's disease (PD). 

This highlights the significant impact of α-synuclein on 

neural health and disease.
[36]

 In pathological conditions, 

α-synuclein (α-syn) undergoes misfolding and 

aggregation, forming higher-order structures such as 

fibrils, oligomers, and protofibrils. These misfolded 

proteins can accumulate and coalesce into toxic, 

insoluble aggregates, which disrupt cellular function and 

contribute to neurodegeneration. The presence of these 

aggregates is particularly detrimental to neurons, as they 

interfere with cellular processes, lead to oxidative stress, 

and induce inflammation, ultimately resulting in 

neuronal death and the progression of neurodegenerative 

diseases like Parkinson's disease.
[37]

 The injection of 

wild-type or mutant α-synuclein protein has been 

demonstrated to cause the loss of dopamine (DA) 

neurons and lead to motor impairments in both mice and 

rats. Several mutant mouse lines have been created that 

show reduced levels of striatal DA, exhibit inclusion 

bodies, and display motor deficits; however, many of 

these lines do not exhibit significant degeneration of 

nigrostriatal neurons associated with Parkinson's 

disease.
[38]

 The main component of Lewy Bodies (LBs) 

is a protein called α-synuclein. Due to significant 

discoveries in this area, scientists have started modeling 

Parkinson's disease (PD) by overexpressing either wild-

type or mutant forms of synuclein in animal models. 

Masliah et al. created the first-ever transgenic mouse 

model to study this condition.
[39]

 Researcher indicates a 

progressive formation of neuronal inclusion in the 

hippocampus, substantia nigra (SN), and neocortex, 

which tested positive for alpha-synuclein antibodies. 

Notably, these inclusions do not exhibit the fibrillar 

structure characteristic of Lewy bodies (LBs). 

Furthermore, no significant degeneration of 

dopaminergic neurons was observed in the mice.
[5, 39]

 

Similar to mouse models, there are controversies 

surrounding the Drosophila α-synuclein model. Feany 

and Bender reported a near-complete loss of dopamine 

neurons in the DMCs of 30-day-old transgenic flies.
[40]

 

 

Leucine-Rich Repeat Kinase 2(LRRK2) 

LRRK2, or Leucine-Rich Repeat Kinase 2, is a large 

protein consisting of 2527 amino acids with multiple 

independent domains. One key domain is its kinase 

domain, which exhibits GTP-dependent phosphorylation 

activity, allowing it to add phosphate groups to specific 

substrates in the presence of guanosine triphosphate 

(GTP). This process is essential for regulating various 

cellular functions, including signal transduction and 

protein interactions.
[36]

 The LRRK2 mutation was 

initially discovered in a Japanese family with autosomal-

dominant parkinsonism in 2002.
[41]

 LRRK2 mutation 

causes autosomal dominant inheritance in familial 

Parkinson's disease, with varied penetrance between 

populations. The two most prevalent LRRK2 mutations 

are G20195 and R1441C/G.
[42]

 Worldwide, 

approximately 1% to 5% of individuals diagnosed with 

sporadic Parkinson's disease (PD) carry an LRRK2 

mutation. In contrast, this genetic mutation is found in 

around 5% to 20% of patients with hereditary forms of 

the disease. These statistics highlight the significant role 

that the LRRK2 gene plays in the development of 

Parkinson's disease, particularly among those with a 

family history of the condition.
[43]

 Individuals with the 

LRRK2 G2019S mutation have an increased risk of 

developing Parkinson's disease (PD) as they age. 

Research shows that by age 59, the risk reaches 28%; by 

age 69, it increases to 51%; and by age 79, it rises to 

74%.
[44]

 LRRK2 mutations increase kinase activity, 

contributing to neurodegeneration and Parkinson's 

disease (PD) pathology. This protein is involved in 

autophagy, vesicular trafficking, and inflammation, and 

its dysfunction can lead to the aggregation of toxic 

proteins like alpha-synuclein, a hallmark of PD.
[44]

 

 

PARKIN 

In 1997, the gene locus associated with autosomal 

recessive juvenile parkinsonism (AR-JP), known as 

PARK2, was mapped to chromosome 6q25.2–27. The 

gene was identified shortly thereafter, and the protein it 

encodes is called Parkin.
[46]

 Parkin mutations are the 

leading cause of autosomal recessive early-onset 

Parkinsonism, including its juvenile forms. Within 

families affected by this condition, the mutation 

frequency is approximately 50%.
[47]

 Parkin contains a 

homology to ubiquitin at its N-terminus, with two RING 

finger motifs that are separated by an intermediate RING 

finger (IBR) domain near the C-terminus.
[48]

 Parkin, 

encoded by the PRKN gene (also known as PARK2), 

functions as a ubiquitin E3 ligase. The loss of its 

enzymatic activity is thought to contribute to both 

familial and sporadic forms of Parkinson's Disease 

(PD).
[44]

 Mutations in the PRKN gene were initially 

discovered in Japanese patients with Parkinson's disease 

(PD) and are associated with cases of autosomal 

recessive and early-onset PD. These mutations often 

involve deletions in exons 2, 3, and 8, duplications in 

exons 2 to 4 and 9, as well as substitutions in specific 

regions.
[49]

 The age range for the onset of Parkinson's 

disease (PD) has been broadened to include individuals 

older than 70, in addition to those with juvenile and 

early-onset forms. While Parkin mutations were 

previously thought to be recessive, recent evidence 

indicates that heterozygous mutations may also be 
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pathogenic or increase susceptibility to typical late-onset 

Parkinson's disease. 

 

PINK1 (Pten-Induced Kinase 1) 

Mutations in the PINK1 gene, much like those observed 

in the Parkin gene, are linked to autosomal recessive 

forms of Parkinson's disease.
[36]

 PINK1 (PTEN-induced 

putative kinase 1) is an essential neuroprotective kinase 

predominantly found in the mitochondria and cytosolic 

compartments of neurons. It plays a crucial role in the 

process of neuronal differentiation.
[51]

 Enhanced 

expression of PINK1 has been shown to stimulate neurite 

outgrowth in SH-Sy5y cells, a model for neuronal 

development. Furthermore, this increase in PINK1 levels 

significantly contributes to the elongation of dendrites in 

dopaminergic neurons, highlighting its importance in 

developing and maintaining neuronal structure and 

function.
[52]

 The PINK1 gene has eight exons and 

encodes a 581-amino-acid protein with a predicted mass 

of 62.8 kilodaltons. It is highly expressed in the brain, 

particularly in the substantia nigra, hippocampus, and 

cerebellar Purkinje cells.
[53]

 PINK1 is a key indicator of 

damaged mitochondria, accumulating specifically on 

those that need to be removed from the cell. Normally, 

healthy mitochondria keep PINK1 levels low by 

breaking it down quickly. When a mitochondrion 

becomes damaged, due to factors like oxidative stress or 

loss of membrane potential, this breakdown process 

stops. As a result, PINK1 builds up on the outer 

membrane of the damaged mitochondria. This signals the 

cell to remove the faulty organelle and helps keep the 

cell healthy and functioning properly.
[54]

 Research 

utilizing Drosophila and mammalian models with PINK1 

deficiency has revealed notable mitochondrial 

abnormalities. These abnormalities manifest as disrupted 

fission-fusion dynamics, which are crucial for 

maintaining mitochondrial function and morphology. 

Additionally, there is a marked loss of cristae, the inner 

membrane structures vital for energy production, 

resulting in decreased ATP synthesis. Furthermore, these 

models exhibit mitochondrial swelling, indicating a 

compromise in mitochondrial integrity and potential 

onset of cell death pathways. These findings underscore 

the critical role of PINK1 in mitochondrial health and 

cellular homeostasis.
[55]

 

 

Protein Deglycase (DJ-1) 

Mutations in the DJ-1 gene are linked to recessive forms 

of familial Parkinsonism, a group of inherited disorders 

marked by progressive movement difficulties. Research 

shows that DJ-1 serves a crucial role as an antioxidant 

protein, protecting dopamine neurons from oxidative 

stress, which can lead to cellular damage. This protective 

function is particularly significant in neurodegenerative 

diseases, where an imbalance in oxidative processes can 

contribute to the degeneration of these vital brain 

cells.
[56,5]

 The exact function of DJ-1 remains unclear. 

Several studies suggest that DJ-1 acts as an antioxidant 

protein. It has been identified as a redox-regulated 

protein that serves as a sensor for oxidative stress. 

However, inherited mutations in DJ-1 can lead to early-

onset Parkinson's disease, which is associated with α-

synucleinopathies and the formation of Lewy body 

aggregates.
[57]

 Mutations associated with Parkinson's 

disease (PD) can result in a loss of function of DJ-1 due 

to its instability, which affects dimer formation or 

reduces expression. In cellular models, DJ-1 regulates 

redox-dependent kinase signaling pathways and serves as 

a key regulator of antioxidant gene expression. In vivo, 

DJ-1 functions as an atypical peroxiredoxin-like 

peroxidase, protecting mitochondria from oxidative 

stress.
[58]

 DJ-1 plays a vital role in signaling pathways 

associated with mitochondrial quality and the oxidative 

stress response. Cells with elevated levels of DJ-1 are 

more resistant to oxidative stress and neurotoxins like 6-

OHDA, while those with lower levels are more 

susceptible.
[59]

 

 

Table 1: Commonly Used Experimental Animal Models for Inducing Parkinson's Disease. 

Sr no Animal model Animal species Dose Route of administration References
 

1 Reserpine 

Rat: Wistar Rat, 

Sprague Dawley rat 

Mice: Swiss Albino Mice 

1mg/kg, 

5mg/kg 

4mg/kg 

Intraperitoneal 

Intraperitoneal 

Subcutaneous 

[60,61] 

[62] 

[63] 

2 Haloperidol 

Rat: Wistar Rat 

Sprague-Dawley rats 

Mice: Swiss Albino mice 

1mg/kg 

2.5mg/kg 

1mg/kg 

Intraperitoneal 

subcutaneously 

Intraperitoneal 

[64] 

[65] 

[66] 

3 
6-Hydroxydopamine 

(6-OHDA) 

Rat: Male Wistar rats 

Sprague Dawley rat 

Mice: C57 BL/6 mice 

5 µg/2 µL 

2 /μl 

(0.5mL/min) 

stereotaxic frame 

[67] 

[68] 

[69] 

 

4 MPTP 

Mice: Swiss-albino mice 

C57BL/6 J mice 

Rat: Lewis strain rat 

25 mg/kg 

20mg/kg 

20mg/kg 

Intraperitoneal 

 

[70] 

[71] 

[72] 

5 Rotenone 

Rat: Wistar rat 

 

Sprague Dawley rat 

 

 

1.5mg/kg,2mg/

kg 

2.5mg/kg 

2mg/kg 

 

Subcutaneously 

Intraperitoneal 

 

 

Orally 

[73] 

[74] 

[75] 
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Mice: C57BL/6J mice 

Drosophila melanogaster 

30mg/kg 

500 µM 

250 µM 

Diet 
[76] 

[77] 

[78] 

6 
Paraquat 

 

Mice: Swiss albino mice 

Rat: Sprague –Dawley rats 

Male Wistar rats 

10mg/kg 

 

1–5 µg 

Intraperitoneal 

 

Stereotaxic operation 

[79,80] 

[81] 

 

[82] 

 

Table 2: In-Vivo and In-Vitro Assessments of Common Experimental Animal Models for Parkinson’s Disease. 

Sr no Animal model In-vivo Assessment In-vitro Assessment References
 

1 Reserpine 

 Rota-rod test 

 Pole-climbing test 

 Open-field test 

 Forced swimming test 

 Tail suspension test 

 Sucrose solution preference 

test 

 Burying food pellet test 

 Mechanical pain threshold 

 Defecation test 

 Determination of lipid peroxidation 

 Determination of reduced 

glutathione (GSH) 

 Determination of nitric oxide (NO) 

level 

 Determination of 

acetylcholinesterase activity 

 Determination of TNF-α 

 Determination of nuclear factor-

kappa (NF-κ) 

 Determination of monoamine 

concentrations 

[83,84] 

2 Haloperidol 

 Catalepsy test 

 Akinesia test 

 Swim-test 

 Wire Hanging Test 

 Grip Strength Test 

 Vertical Pole Test 

 Hole board test 

 Estimation of MDA 

 Estimation of reduced GSH 

 Determination of dopamine level 

 Determination of acetylcholine 

 Determination of lipid peroxidation 

 Estimation of TNF-α and IL-6 

 

[85,86] 

3 
6-Hydroxydopamine 

(6-OHDA) 

 Rota rod performance test 

 Passive avoidance test 

 Y-maze task 

 Pole test 

 Catalepsy test 

 Beam walking test 

 Open-field test 

 Apomorphine-induced 

rotation 

 Head position 

 Curling 

 Sensory test 

 Cell viability assay 

 Hoechst staining of nuclear DNA 

(detection of apoptotic nuclei) 

 Lipid peroxidation 

 Reduced glutathione 

 Verification of cannula placements 

 Measurement of GDNF and BDNF 

levels in the striatum 

[87,88,89,90] 

4 MPTP 

 Narrow beam test 

 Hang test 

 Open field test 

 Measurement of cell viability 

 Assessment of apoptosis 

 Determination of striatal dopamine 

level 

 Estimation of TBARS 

 Assay of SOD 

 Determination of activity of 

catalase 

 Quantification of the Levels of 

TNF-α, IFN-β, IL-1β, and IL-6 

mRNAs 

 

[91,92,93] 

5 Rotenone 

 Rotarod test 

 Pole test 

 Open field 

 Grip strength 

 Beam-crossing task 

 Y-maze test 

 Hole and board test 

 Nitrite estimation 

 Analysis of dopamine, DOPAC, 

and HVA 

 Estimation of endoplasmic 

reticulum stress markers (CHOP 

and GRP78) mRNA expression 

levels by real-time PCR: 

[94,95,96] 
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 Measurement of Striatal Caspase-3 

Activity 

 Assessment of striatal Interleukin-

1β 

 Protein carbonyl content (PCC) 

assay 

 Estimation of GABA and 

Glutamate 

6 Paraquat 

 Hanging Test 

 Narrow Beam Walking 

Test 

 Foot Printing Test 

 Determination of ATP 

 Glutathione peroxidase (GPx) assay 

 Superoxide dismutase (SOD) assay 

 Catalase (CAT) assay 

 Qualitative DNA fragmentation 

assay 

 Detection of the inflammatory 

cytokine levels in the striatum 

 Determination of nuclear factor 

kappa B (NF-кB) gene expression 

 Estimation of Nitrite 

 

[80,97] 

 

Author perspective 

The motivation behind this review stems from the critical 

need to deepen our understanding of Parkinson’s disease 

(PD). This complex and progressive neurodegenerative 

disorder continues to challenge the scientific and medical 

communities. As a researcher in pharmacology with a 

focus on neurodegenerative diseases, I recognized a 

significant gap in the comprehensive, comparative 

literature that critically examines and contextualizes the 

vast array of experimental models available for studying 

Parkinson's disease (PD). 

 

This review was developed with the intention of not only 

summarizing the currently available models, ranging 

from neurotoxin-induced to genetic and pharmacological 

models, but also highlighting their strengths, limitations, 

and translational relevance. Each model, whether based 

on MPTP, 6-OHDA, rotenone, paraquat, reserpine, or α-

synuclein overexpression, offers distinct insights into 

particular aspects of PD pathophysiology, such as 

dopaminergic neuron loss, mitochondrial dysfunction, 

oxidative stress, or protein aggregation. However, none 

of them fully replicate the entire clinical and pathological 

spectrum of human PD. This realization reinforces the 

idea that a combination or sequential use of multiple 

models may be necessary to more accurately simulate 

disease progression and therapeutic response. 

 

In writing this review, I aimed to offer a resource that can 

assist fellow researchers, especially those entering the 

field, in selecting the most appropriate experimental 

model based on the specific objectives of their studies, 

whether they are investigating molecular pathways, 

testing novel therapeutic agents, or developing diagnostic 

biomarkers. I have also sought to critically analyse how 

closely these models mimic the human condition, and 

what this means for the interpretation of preclinical data 

in the context of clinical translation. 

 

Additionally, I wanted to draw attention to recent 

advances and ongoing challenges in the field. While 

significant progress has been made, particularly with 

genetic and viral-vector-based models, there remains an 

urgent need to refine these systems to incorporate the 

multifactorial nature of PD, including aging, 

neuroinflammation, and non-motor symptoms, which are 

often overlooked. The review emphasizes the necessity 

of developing models that better reflect these 

underrepresented aspects to enhance the predictive 

validity of preclinical studies. 

 

Ultimately, my goal was to contribute to the collective 

effort of the scientific community in building a more 

nuanced, integrative approach to PD research. I believe 

that through collaboration and the thoughtful application 

of experimental models, we can accelerate the discovery 

of disease-modifying treatments and move closer to 

improving the quality of life for individuals living with 

Parkinson’s disease. 

 

CONCLUSION 

Parkinson's disease continues to be a major public health 

issue with serious individual and social consequences. 

Although significant advancements have been made in 

understanding its pathophysiology, there is still plenty to 

learn about its etiology and possible disease-modifying 

therapies. The current management approaches prioritize 

symptom control over disease reversal, highlighting the 

critical necessity for ongoing investigation into new 

therapeutic options. 

 

Improvements in patients' quality of life may result from 

early diagnosis, individualized treatment regimens, and a 

comprehensive strategy that combines pharmacological 

and non-pharmacological therapies. The creation of more 

potent therapies is encouraged by developments in 

molecular biology, genetics, and neuroprotective 

strategies. In addition, improving preclinical PD models 
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to more accurately reflect human disease mechanisms is 

crucial for speeding up the conversion of potential 

treatments into clinical trials. 

 

The scientific community has an urgent demand for 

better, more accurate, and representative animal models 

that reflect the progressive and varied characteristics of 

PD. Improved models that integrate environmental and 

genetic risk variables will be crucial for finding disease-

modifying treatments and enhancing translational 

success. Future studies should focus on refining 

preclinical methods to bridge the gap between laboratory 

results and clinical outcomes. In the end, collaborative 

research initiatives and technological advancements will 

be essential for revealing fresh perspectives on 

Parkinson's disease and facilitating the development of 

more potent treatments in the days to come. 

 

REFERENCES 

1. Sveinbjornsdottir S. The clinical symptoms of 

Parkinson's disease. Journal of Neurochemistry. 

2016 Oct; 139: 318-24. 

2. Bhidayasiri R, Sringean J, Phumphid S, Anan C, 

Thanawattano C, Deoisres S, Panyakaew P, 

Phokaewvarangkul O, Maytharakcheep S, 

Buranasrikul V, Prasertpan T. The rise of Parkinson’s 

disease is a global challenge, but efforts to tackle 

this must begin at a national level: a protocol for 

national digital screening and ―eat, move, sleep‖ 

lifestyle interventions to prevent or slow the rise of 

non-communicable diseases in Thailand. Frontiers in 

Neurology, 2024 May 13; 15: 1386608. 

3. Lew M. Overview of Parkinson's disease. 

Pharmacotherapy: The Journal of Human 

Pharmacology and Drug Therapy, 2007 Dec; 

27(12P2): 155S-60S. 

4. Mahmood A, Shah AA, Umair M, Wu Y, Khan A. 

Recalling the pathology of Parkinson's disease; 

lacking exact figure of prevalence and genetic 

evidence in Asia with an alarming outcome: A time 

to step up. Clinical Genetics. 2021 Dec; 100(6):   

659-77. 

5. Chia SJ, Tan EK, Chao YX. Historical perspective: 

models of Parkinson’s disease. International journal 

of molecular sciences. 2020 Apr 2; 21(7): 2464. 

6. Kalia LV, Lang AE. Parkinson's disease. The Lancet. 

2015 Aug 29; 386(9996): 896-912. 

7. Khan E, Hasan I, Haque ME. Parkinson’s disease: 

Exploring different animal model systems. 

International journal of molecular sciences. 2023 

May 22; 24(10): 9088. 

8. Lama J, Buhidma Y, Fletcher EJ, Duty S. Animal 

models of Parkinson’s disease: a guide to selecting 

the optimal model for your research. Neuronal 

Signaling. 2021 Dec; 5(4): NS20210026. 

9. Buhidma Y, Rukavina K, Chaudhuri KR, Duty S. 

Potential of animal models for advancing the 

understanding and treatment of pain in Parkinson’s 

disease. NPJ Parkinson's disease. 2020 Jan 6; 6(1): 

1. 

10. Dovonou A, Bolduc C, Soto Linan V, Gora C, 

Peralta Iii MR, Lévesque M. Animal models of 

Parkinson’s disease: bridging the gap between 

disease hallmarks and research questions. Transl. 

Neurodegener. 12, 36 [Internet]. 2023 

11. Leão AH, Sarmento‐Silva AJ, Santos JR, Ribeiro 

AM, Silva RH. Molecular, neurochemical, and 

behavioral hallmarks of reserpine as a model for 

Parkinson's disease: new perspectives to a 

long‐standing model. Brain Pathology. 2015 Jul; 

25(4): 377-90. 

12. Colpaert FC. Pharmacological characteristics of 

tremor, rigidity and hypokinesia induced by 

reserpine in rat. Neuropharmacology. 1987 Sep 1; 

26(9): 1431-40. 

13. Lorenc-Koci E, Ossowska K, Wardas J, Wolfarth S. 

Does reserpine induce parkinsonian rigidity?. 

Journal of neural transmission-Parkinson's disease 

and dementia section. 1995 Jun; 9: 211-23. 

14. Santos JR, Cunha JA, Dierschnabel AL, Campêlo 

CL, Leão AH, Silva AF, Engelberth RC, Izídio GS, 

Cavalcante JS, Abílio VC, Ribeiro AM. Cognitive, 

motor and tyrosine hydroxylase temporal 

impairment in a model of parkinsonism induced by 

reserpine. Behavioural brain research. 2013 Sep 15; 

253: 68-77. 

15. Fernandes VS, Santos JR, Leão AH, Medeiros AM, 

Melo TG, Izídio GS, Cabral A, Ribeiro RA, Abílio 

VC, Ribeiro AM, Silva RH. Repeated treatment with 

a low dose of reserpine as a progressive model of 

Parkinson's disease. Behavioural Brain Research. 

2012 May 16; 231(1): 154-63. 

16. Leal PC, Lins LC, De Gois AM, Marchioro M, 

Santos JR. Commentary: evaluation of models of 

Parkinson's disease. Frontiers in neuroscience. 2016 

Jun 21; 10: 283. 

17. Duty S, Jenner P. Animal models of Parkinson's 

disease: a source of novel treatments and clues to the 

cause of the disease. British journal of 

pharmacology. 2011 Oct; 164(4): 1357-91. 

18. Kulkarni SK, Bishnoi M, Chopra K. In vivo 

microdialysis studies of the striatal level of 

neurotransmitters after haloperidol and 

chlorpromazine administration. 

19. Blandini F, Armentero MT, Martignoni E. The 6-

hydroxydopamine model: news from the past. 

Parkinsonism & related disorders. 2008 Jul 1; 14: 

S124-9. 

20. Hernandez-Baltazar D, Zavala-Flores LM, 

Villanueva-Olivo A. The 6-hydroxydopamine model 

and parkinsonian pathophysiology: Novel findings 

in an older model. Neurología (English Edition). 

2017 Oct 1; 32(8): 533-9. 

21. Kirik D, Rosenblad C, Björklund A. 

Characterization of behavioral and 

neurodegenerative changes following partial lesions 

of the nigrostriatal dopamine system induced by 

intrastriatal 6-hydroxydopamine in the rat. 

Experimental neurology. 1998 Aug 1; 152(2):      

259-77. 



Nikhade et al.                                                                       World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 7, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

136 

22. Haleagrahara N, Siew CJ, Ponnusamy K. Effect of 

quercetin and desferrioxamine on 6-

hydroxydopamine (6-OHDA) induced neurotoxicity 

in the striatum of rats. The Journal of toxicological 

sciences. 2013 Feb 1; 38(1): 25-33. 

23. Martí Y, Matthaeus F, Lau T, Schloss P. Methyl-4-

phenylpyridinium (MPP+) differentially affects 

monoamine release and reuptake in murine 

embryonic stem cell-derived dopaminergic and 

serotonergic neurons. Molecular and Cellular 

Neuroscience. 2017 Sep 1; 83: 37-45. 

24. Bezard E, Yue Z, Kirik D, Spillantini MG. Animal 

models of Parkinson's disease: limits and relevance 

to neuroprotection studies. Movement Disorders. 

2013 Jan; 28(1): 61-70. 

25. Emborg ME. Evaluation of animal models of 

Parkinson's disease for neuroprotective strategies. 

Journal of Neuroscience Methods. 2004 Oct 30; 

139(2): 121-43. 

26. Cenci MA, Björklund A. Animal models for 

preclinical Parkinson's research: an update and 

critical appraisal. Progress in brain research. 2020 

Jan 1; 252: 27-59. 

27. Zhang ZN, Zhang JS, Xiang J, Yu ZH, Zhang W, Cai 

M, Li XT, Wu T, Li WW, Cai DF. Subcutaneous 

rotenone rat model of Parkinson's disease: Dose 

exploration study. Brain research. 2017 Jan 15; 

1655: 104-13. 

28. Meredith GE, Sonsalla PK, Chesselet MF. Animal 

models of Parkinson’s disease progression. Acta 

neuropathologica. 2008 Apr; 115: 385-98. 

29. Gubellini P, Kachidian P. Animal models of 

Parkinson's disease: An updated overview. Revue 

neurologique. 2015 Nov 1; 171(11): 750-61. 

30. Betarbet R, Sherer TB, MacKenzie G, Garcia-Osuna 

M, Panov AV, Greenamyre JT. Chronic systemic 

pesticide exposure reproduces features of 

Parkinson's disease. Nature neuroscience. 2000 Dec; 

3(12): 1301-6. 

31. Bové J, Perier C. Neurotoxin-based models of 

Parkinson's disease. Neuroscience. 2012 Jun 1; 211: 

51-76. 

32. Rappold PM, Cui M, Chesser AS, Tibbett J, Grima 

JC, Duan L, Sen N, Javitch JA, Tieu K. Paraquat 

neurotoxicity is mediated by the dopamine 

transporter and organic cation transporter-3. 

Proceedings of the National Academy of Sciences. 

2011 Dec 20; 108(51): 20766-71. 

33. Shimizu K, Ohtaki K, Matsubara K, Aoyama K, 

Uezono T, Saito O, Suno M, Ogawa K, Hayase N, 

Kimura K, Shiono H. Carrier-mediated processes in 

blood–brain barrier penetration and neural uptake of 

paraquat. Brain research. 2001 Jul 6; 906(1-2):    

135-42. 

34. Miller GW. Paraquat: the red herring of Parkinson's 

disease research. Toxicological Sciences. 2007 Nov 

1; 100(1): 1-2. 

35. D.D. Murphy, S.M. Rueter, J.Q. Trojanowski, V.M. 

Lee, Synucleins are developmentally expressed, and 

alpha-synuclein regulates the size of the presynaptic 

vesicular pool in primary hippocampal neurons, J. 

Neurosci. 20 (2000) 3214–3220. 

36. Lim KL, Ng CH. Genetic models of Parkinson 

disease. Biochimica et Biophysica Acta (BBA)-

Molecular Basis of Disease. 2009 Jul 1; 1792(7): 

604-15. 

37. Gómez-Benito M, Granado N, García-Sanz P, 

Michel A, Dumoulin M, Moratalla R. Modeling 

Parkinson’s disease with the alpha-synuclein protein. 

Frontiers in pharmacology. 2020 Apr 23; 11: 356. 

38. Jagmag SA, Tripathi N, Shukla SD, Maiti S, 

Khurana S. Evaluation of models of Parkinson's 

disease. Frontiers in neuroscience. 2016 Jan 19; 9: 

503. 

39. Masliah E, Rockenstein E, Veinbergs I, Mallory M, 

Hashimoto M, Takeda A, Sagara Y, Sisk A, Mucke 

L. Dopaminergic loss and inclusion body formation 

in α-synuclein mice: implications for 

neurodegenerative disorders. Science. 2000 Feb 18; 

287(5456): 1265-9. 

40. Feany MB, Bender WW. A Drosophila model of 

Parkinson's disease. Nature. 2000 Mar 23; 

404(6776): 394-8. 

41. Mullin S, Schapira A. The genetics of Parkinson's 

disease. British medical bulletin. 2015 Jun 1; 114(1): 

39-52. 

42. Alessi DR, Sammler E. LRRK2 kinase in 

Parkinson's disease. Science. 2018 Apr 6; 

360(6384): 36-7. 

43. Healy DG, Falchi M, O'Sullivan SS, Bonifati V, Durr 

A, Bressman S, Brice A, Aasly J, Zabetian CP, 

Goldwurm S, Ferreira JJ. Phenotype, genotype, and 

worldwide genetic penetrance of LRRK2-associated 

Parkinson's disease: a case-control study. The Lancet 

Neurology. 2008 Jul 1; 7(7): 583-90. 

44. Dawson TM, Ko HS, Dawson VL. Genetic animal 

models of Parkinson's disease. Neuron. 2010 Jun 10; 

66(5): 646-61. 

45. Martin I, Kim JW, Dawson VL, Dawson TM. 

LRRK2 pathobiology in Parkinson's disease. Journal 

of Neurochemistry. 2014 Dec; 131(5): 554-65. 

46. Von Coelln R, Dawson VL, Dawson TM. Parkin-

associated Parkinson’s disease. Cell and tissue 

research. 2004 Oct; 318: 175-84. 

47. Hattori N, Mizuno Y. Pathogenetic mechanisms of 

Parkin in Parkinson's disease. The Lancet. 2004 Aug 

21; 364(9435): 722-4. 

48. Giasson BI, Lee VM. Parkin and the molecular 

pathways of Parkinson's disease. Neuron. 2001 Sep 

27; 31(6): 885-8. 

49. Kitada T, Asakawa S, Hattori N, Matsumine H, 

Yamamura Y, Minoshima S, Yokochi M, Mizuno Y, 

Shimizu N. Mutations in the parkin gene cause 

autosomal recessive juvenile parkinsonism. nature. 

1998 Apr 9; 392(6676): 605-8. 

50. Poorkaj P, Nutt JG, James D, Gancher S, Bird TD, 

Steinbart E, Schellenberg GD, Payami H. Parkin 

mutation analysis in clinic patients with early‐onset 

Parkinson's disease. American Journal of Medical 

Genetics Part A. 2004 Aug 15; 129(1): 44-50. 



Nikhade et al.                                                                       World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 7, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

137 

51. Matsuda S, Kitagishi Y, Kobayashi M. Function and 

characteristics of PINK1 in mitochondria. Oxidative 

medicine and cellular longevity. 2013; 2013(1): 

601587. 

52. Dagda RK, Pien I, Wang R, Zhu J, Wang KZ, Callio 

J, Banerjee TD, Dagda RY, Chu CT. Beyond the 

mitochondrion: cytosolic PINK 1 remodels dendrites 

through Protein Kinase A. Journal of 

neurochemistry. 2014 Mar; 128(6): 864-77. 

53. Blackinton JG, Anvret A, Beilina A, Olson L, 

Cookson MR, Galter D. Expression of PINK1 

mRNA in human and rodent brain and in Parkinson's 

disease. Brain research. 2007 Dec 12; 1184: 10-6. 

54. Pickrell AM, Youle RJ. The roles of PINK1, parkin, 

and mitochondrial fidelity in Parkinson’s disease. 

Neuron. 2015 Jan 21; 85(2): 257-73. 

55. Gandhi S, Vaarmann A, Yao Z, Duchen MR, Wood 

NW, Abramov AY. Dopamine induced 

neurodegeneration in a PINK1 model of Parkinson's 

disease. PloS one. 2012 May 25; 7(5): e37564. 

56. Ariga H, Takahashi-Niki K, Kato I, Maita H, Niki T, 

Iguchi-Ariga SM. Neuroprotective Function of DJ‐1 

in Parkinson’s Disease. Oxidative medicine and 

cellular longevity. 2013; 2013(1): 683920. 

57. Sharma N, Rao SP, Kalivendi SV. The deglycase 

activity of DJ-1 mitigates α-synuclein glycation and 

aggregation in dopaminergic cells: Role of oxidative 

stress mediated downregulation of DJ-1 in 

Parkinson's disease. Free Radical Biology and 

Medicine. 2019 May 1; 135: 28-37. 

58. Kahle, P.J., Waak, J., and Gasser, T. (2009). DJ-1 

and prevention of oxidative stress in Parkinson’s 

disease and other age-related disorders. Free Radic. 

Biol. Med. 47, 1354–1361. 

59. Dolgacheva LP, Berezhnov AV, Fedotova EI, 

Zinchenko VP, Abramov AY. Role of DJ-1 in the 

mechanism of pathogenesis of Parkinson's disease. 

Journal of Bioenergetics and Biomembranes. 2019 

Jun 15; 51: 175-88. 

60. Ahmed-Farid OA, Taha M, Bakeer RM, Radwan 

OK, Hendawy HA, Soliman AS, Yousef E. Effects 

of bee venom and dopamine-loaded nanoparticles on 

reserpine-induced Parkinson’s disease rat model. 

Scientific reports. 2021 Oct 27; 11(1): 21141. 

61. Goel R, Chaudhary R. Effect of daidzein on 

Parkinson disease induced by reserpine in rats. 

Brazilian Journal of Pharmaceutical Sciences. 2020 

Apr 6; 56: e18388. 

62. Goldstein JM, Barnett A, Malick JB. The evaluation 

of anti-parkinson drugs on reserpine-induced rigidity 

in rats. European journal of pharmacology. 1975 

Aug 1; 33(1): 183-8. 

63. Rahman MM, Chakraborti RR, Potol MA, Abir AH, 

Sharmin O, Alam M, Khan MF, Afrin R, Jannat H, 

Wadud R, Habib ZF. Epalrestat improves motor 

symptoms by reducing oxidative stress and 

inflammation in the reserpine-induced mouse model 

of Parkinson’s disease. Animal Models and 

Experimental Medicine. 2020 Mar; 3(1): 9-21. 

64. Kabra A, Baghel US, Hano C, Martins N, Khalid M, 

Sharma R. Neuroprotective potential of Myrica 

esulenta in Haloperidol induced Parkinson’s disease. 

Journal of Ayurveda and integrative medicine. 2020 

Oct 1; 11(4): 448-54. 

65. Shivakumar BR, Ravindranath V. Oxidative stress 

induced by administration of the neuroleptic drug 

haloperidol is attenuated by higher doses of 

haloperidol. Brain research. 1992 Nov 13; 595(2): 

256-62. 

66. Adedeji HA, Ishola IO, Adeyemi OO. Novel action 

of metformin in the prevention of haloperidol-

induced catalepsy in mice: Potential in the treatment 

of Parkinson's disease?. Progress in Neuro-

Psychopharmacology and Biological Psychiatry. 

2014 Jan 3; 48: 245-51. 

67. Tiwari PC, Chaudhary MJ, Pal R, Kartik S, Nath R. 

Pharmacological, biochemical and immunological 

studies on protective effect of mangiferin in 6-

hydroxydopamine (6-OHDA)-induced Parkinson’s 

disease in rats. Annals of Neurosciences. 2021 Jul; 

28(3-4): 137-49. 

68. Perese DA, Ulman J, Viola J, Ewing SE, Bankiewicz 

KS. A 6-hydroxydopamine-induced selective 

parkinsonian rat model. Brain research. 1989 Aug 

14; 494(2): 285-93. 

69. Antunes MS, Goes AT, Boeira SP, Prigol M, Jesse 

CR. Protective effect of hesperidin in a model of 

Parkinson's disease induced by 6-hydroxydopamine 

in aged mice. Nutrition. 2014 Nov 1; 30(11-12): 

1415-22. 

70. Patil SP, Jain PD, Ghumatkar PJ, Tambe R, Sathaye 

S. Neuroprotective effect of metformin in MPTP-

induced Parkinson’s disease in mice. Neuroscience. 

2014 Sep 26; 277: 747-54. 

71. Song MK, Lee JH, Kim J, Kim JH, Hwang S, Kim 

YS, Kim YJ. Neuroprotective effect of NXP031 in 

the MPTP-induced Parkinson's disease model. 

Neuroscience Letters. 2021 Jan 1; 740: 135425. 

72. Fujikawa T, Miguchi S, Kanada N, Nakai N, Ogata 

M, Suzuki I, Nakashima K. Acanthopanax 

senticosus Harms as a prophylactic for MPTP-

induced Parkinson's disease in rats. Journal of 

Ethnopharmacology. 2005 Feb 28; 97(2): 375-81. 

73. Sharma N, Jamwal S, Kumar P. Beneficial effect of 

antidepressants against rotenone induced 

Parkinsonism like symptoms in rats. 

Pathophysiology. 2016 Jun 1; 23(2): 123-34. 

74. Balakrishnan R, Tamilselvam K, Sulthana A, 

Mohankumar T, Manimaran D, Elangovan N. 

Isolongifolene attenuates oxidative stress and 

behavioral impairment in rotenone-induced rat 

model of Parkinson’s disease. International Journal 

of Nutrition, Pharmacology, Neurological Diseases. 

2018 Apr 1; 8(2): 53-8. 

75. von Wrangel C, Schwabe K, John N, Krauss JK, 

Alam M. The rotenone-induced rat model of 

Parkinson's disease: behavioral and 

electrophysiological findings. Behavioural brain 

research. 2015 Feb 15; 279: 52-61. 



Nikhade et al.                                                                       World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 7, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

138 

76. Zhao Z, Ning J, Bao XQ, Shang M, Ma J, Li G, Zhang 

D. Fecal microbiota transplantation protects rotenone-

induced Parkinson’s disease mice via suppressing 

inflammation mediated by the lipopolysaccharide-

TLR4 signaling pathway through the microbiota-gut-

brain axis. Microbiome. 2021 Dec; 9: 1-27. 

77. Siima AA, Stephano F, Munissi JJ, Nyandoro SS. 

Ameliorative effects of flavonoids and polyketides on 

the rotenone induced Drosophila model of Parkinson’s 

disease. Neurotoxicology. 2020 Dec 1; 81: 209-15. 

78. Rasheed MZ, Khatoon R, Talat F, Alam MM, 

Tabassum H, Parvez S. Melatonin mitigates rotenone-

induced oxidative stress and mitochondrial dysfunction 

in the drosophila melanogaster model of Parkinson’s 

disease-like symptoms. ACS omega. 2023 Feb 20; 

8(8): 7279-88. 

79. Attia HN, Maklad YA. Neuroprotective effects of 

coenzyme Q10 on paraquat-induced Parkinson’s 

disease in experimental animals. Behavioural 

pharmacology. 2018 Feb 1; 29(1): 79-86. 

80. Fathy SM, El-Dash HA, Said NI. Neuroprotective 

effects of pomegranate (Punica granatum L.) juice and 

seed extract in paraquat-induced mouse model of 

Parkinson’s disease. BMC Complementary Medicine 

and Therapies. 2021 Apr 26; 21(1): 130. 

81. Cicchetti F, Lapointe N, Roberge-Tremblay A, Saint-

Pierre M, Jimenez L, Ficke BW, Gross RE. Systemic 

exposure to paraquat and maneb models early 

Parkinson's disease in young adult rats. Neurobiology 

of disease. 2005 Nov 1; 20(2): 360-71. 

82. Liou HH, Chen RC, Tsai YF, Chen WP, Chang YC, 

Tsai MC. Effects of paraquat on the substantia nigra of 

the wistar rats: neurochemical, histological, and 

behavioral studies. Toxicology and applied 

pharmacology. 1996 Mar 1; 137(1): 34-41. 

83. Li Y, Yin Q, Wang B, Shen T, Luo W, Liu T. Preclinical 

reserpine models recapitulating motor and non-motor 

features of Parkinson’s disease: Roles of epigenetic 

upregulation of alpha-synuclein and autophagy 

impairment. Frontiers in pharmacology. 2022 Oct 12; 

13: 944376. 

84. Tharwat EK, Abdelaty AO, Abdelrahman AI, Elsaeed 

H, Elgohary A, El-Feky AS, Ebrahim YM, Sakraan A, 

Ismail HA, Khadrawy YA, Aboul Ezz HS. Evaluation 

of the therapeutic potential of cerebrolysin and/or 

lithium in the male Wistar rat model of Parkinson’s 

disease induced by reserpine. Metabolic Brain Disease. 

2023 Jun; 38(5): 1513-29. 

85. Luthra PM, Barodia SK, Raghubir R. Antagonism of 

haloperidol-induced swim impairment in L-dopa and 

caffeine treated mice: a pre-clinical model to study 

Parkinson's disease. Journal of neuroscience methods. 

2009 Apr 15; 178(2): 284-90. 

86. Mohammad, Khan UA, Warsi MH, Alkreathy HM, 

Karim S, Jain GK, Ali A. Intranasal cerium oxide 

nanoparticles improves locomotor activity and reduces 

oxidative stress and neuroinflammation in haloperidol-

induced parkinsonism in rats. Frontiers in 

Pharmacology. 2023 May 30; 14: 1188470. 

87. Kopalli SR, Koppula S, Shin KY, Noh SJ, Jin Q, 

Hwang BY, Suh YH. SF-6 attenuates 6-

hydroxydopamine-induced neurotoxicity: An in vitro 

and in vivo investigation in experimental models of 

Parkinson's disease. Journal of Ethnopharmacology. 

2012 Sep 28; 143(2): 686-94. 

88. Nourmohammadi S, Yousefi S, Manouchehrabadi M, 

Farhadi M, Azizi Z, Torkaman-Boutorabi A. Thymol 

protects against 6-hydroxydopamine-induced 

neurotoxicity in in vivo and in vitro model of 

Parkinson’s disease via inhibiting oxidative stress. 

BMC Complementary Medicine and Therapies. 2022 

Feb 10; 22(1): 40. 

89. Truong L, Allbutt H, Kassiou M, Henderson JM. 

Developing a preclinical model of Parkinson's disease: 

a study of behaviour in rats with graded 6-OHDA 

lesions. Behavioural brain research. 2006 Apr 25; 

169(1): 1-9. 

90. Kumar A, Sharma N, Gupta A, Kalonia H, Mishra J. 

Neuroprotective potential of atorvastatin and 

simvastatin (HMG-CoA reductase inhibitors) against 6-

hydroxydopamine (6-OHDA) induced Parkinson-like 

symptoms. Brain research. 2012 Aug 30; 1471: 13-22. 

91. Zhang ZT, Cao XB, Xiong N, Wang HC, Huang JS, 

Sun SG, Wang T. Morin exerts neuroprotective actions 

in Parkinson disease models in vitro and in vivo. Acta 

Pharmacologica Sinica. 2010 Aug; 31(8): 900-6. 

92. Prema A, Janakiraman U, Manivasagam T, Thenmozhi 

AJ. Neuroprotective effect of lycopene against MPTP 

induced experimental Parkinson’s disease in mice. 

Neuroscience letters. 2015 Jul 10; 599: 12-9. 

93. García-Domínguez I, Veselá K, García-Revilla J, 

Carrillo-Jiménez A, Roca-Ceballos MA, Santiago M, 

de Pablos RM, Venero JL. Peripheral inflammation 

enhances microglia response and nigral dopaminergic 

cell death in an in vivo MPTP model of Parkinson’s 

disease. Frontiers in cellular neuroscience. 2018 Nov 6; 

12: 398. 

94. Wang T, Li C, Han B, Wang Z, Meng X, Zhang L, He 

J, Fu F. Neuroprotective effects of Danshensu on 

rotenone-induced Parkinson’s disease models in vitro 

and in vivo. BMC complementary medicine and 

therapies. 2020 Dec; 20: 1-0. 

95. Gaballah HH, Zakaria SS, Elbatsh MM, Tahoon NM. 

Modulatory effects of resveratrol on endoplasmic 

reticulum stress-associated apoptosis and oxido-

inflammatory markers in a rat model of rotenone-

induced Parkinson's disease. Chemico-biological 

interactions. 2016 May 5; 251: 10-6. 

96. Sharma N, Jamwal S, Kumar P. Beneficial effect of 

antidepressants against rotenone induced Parkinsonism 

like symptoms in rats. Pathophysiology. 2016 Jun 1; 

23(2): 123-34. 

97. Prakash J, Yadav SK, Chouhan S, Singh SP. 

Neuroprotective role of Withania somnifera root extract 

in Maneb–Paraquat induced mouse model of 

parkinsonism. Neurochemical research. 2013 May; 38: 

972-80. 


