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Abstract 

Parkinson’s disease (PD) has been a very common neurodegenerative disease. PD is a motor 

disorder and has been characterized by three cardinal symptoms i.e. tremors, bradykinesia 

and rigidity of muscles. Basically the features of PD are pathlogically related to the 

progressive degradation of production of dopamine in substantia nigra. The symptoms of 

Parkinson’s disease can be reproduced in animals by substances that could block DA 

(D2) receptors in striatum such or the agents that cause deficiency of dopamine. The 

Parkinson’s disease models should ideally cause the loss of selective loss of neurons. The 

experimental animal models are aimed to reproduce the causes, the pathology, or the clinical 

manifestation of the disease. In the present review, we are discussing some of the classic 

experimental models of PD. Some examples of the most important reported toxin induced 

animal models for PD are the reserpine model, rotenone model, 6-OHDA induced 

nigrostriatal DA neurodegenerative model. These Parkinson’s disease animal models have 

put forwarded the perception to understand the etiology, pathogenesis, disease process and 

molecular mechanisms of Parkinson’s disease. 

1. Parkinson’s disease 

Parkinson’s disease (PD) has been a very common neurodegenerative disease and 

after Alzheimer’s disease, it has been reported to be the second most common [1]. This 

neurodegenerative disorder is age related and among the people of age between 65- 69 years, 

its prevalence has found to be 1 to 2% percent approximately [2,3,4]. PD is a motor disorder 
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and has been characterized by three cardinal symptoms i.e. tremors, bradykinesia  and rigidity 

of muscles but in the patients of significant minority, postural instability, dementia, 

hypokinesia, impaired gait and non-motor manifestations including dementia, psychosis, 

depression and autonomic dysfunction have also reported to be involved. Basically the 

features of PD are pathlogically related to the progressive degradation of production of 

dopamine in substantia nigra [5]. Dopaminergic neurons have been found to be lost by 50- 

80% by the time when the symptoms start to appear [6,7]. 

Yet, dopaminergic neurons other than substantia nigra, to a lesser extent, have also 

reported to be affected in PD.  Furthermore, a major limitation of current Parkinson’s 

therapies that has been still counted is that considerable attention on non dopaminergic 

lesions has been focused only recently, despite the fact that around 30 years ago, the 

involvement of non dopaminergic neurons degeneration was reported [8]. 

There is broad variation in the incidence and rate of prevalence of different studies as 

these have been performed with different methodology on different population. In Asian 

countries, the incidence and rate of prevalence have found to be slightly lower and it has been 

found to increase progressively along with the increase in age [5]. 

2. Animal experimental models for PD 

A number of experimentally induced animal disease models are being used currently 

for various neurodegenerative disorders. The neurodegenerative disease models should 

ideally cause the loss of selective loss of neurons [8]. The experimental animal disease 

models are aimed to reproduce the causes, the pathology, or the clinical manifestation of a 

particular disease [9]. Most of the models that are existing currently are not able to reproduce 

the lesions and symptoms of a given disease in full spectrum. Probably due to this reason 

why animal neurodegenerative disease models poorly indicate the effectiveness of 

neuroprotective agents in man [8]. 

The symptoms of Parkinson’s disease can be reproduced in animals by substances that 

could block DA (D2) receptors in striatum such as haloperidol or the agents that cause 

deficiency of dopamine such as 6-OHDA and reserpine, according to the method of 

administration of putative environmental toxins in experimental animals.Based on the well 
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characterized neuronal loss in PD and its pathophysiology there are two ways for the 

development of animal experimental models for PD : 

i. Inducing PD by reproducing gene mutations in experimental animals, that have been 

seen in inherited forms of the disease 

ii. Administration of putative environmental toxins in experimental animals causing PD 

[8].  

In the present review, we are discussing the toxin induced experimental models of PD. 

Some examples of the most important  reported experimental animal models for PD are the 

reserpine model, rotenone model, 6-OHDA induced nigrostriatal DA neurodegenerative 

model, neuroleptics induced catalepsy, tremor models, methamphetamine, MPTP, MPP
+
, β-

carbolines, iron and  tetrahydroisoquinolines models [10]. 

Paraquat   

 Paraquat has been widely used as an agricultural herbicide in the 20th and early 21st 

centuries. Chemically, it is 1,1'-dimethyl-4,4-bipyridinium [11-13]. Paraquat is considered 

safe in the industry and worldwide regulations in in the United States but the long term use of 

paraquat include some toxic effects such as skin cancer, lung damage and PD [11,12,14]. It 

has structural similarity with the MPTP’s active metabolite, MPP
+
 [11,14-18]. MPP

+
 or  

paraquat exposure has been considered as  risk factors for for the disease [16]. Both MPTP 

and Paraquat have been found to cause depletion of DA neurons in SN [11,12,15,19,20]. In 

fact, paraquat has been reported to be more cytotoxic as compared to MPP
+
 [21]. 

Paraquat has been found to have poor absorption from the gastrointestinal tract. In 

rats, only 5 to 10% (approximately ) of an administered dose has been found to be absorbed. 

Excretion is through kidney and intestine. After 48 hours, 45% (approximately) of a single 

dose is found to be excreted in rats. On the basis of earlier findings and poor absorption, 

paraquat has been assumed to be excluded largely from the circulation of brain based on the 

assumption that the significant concentrations of paraquat would not able to cross the BBB 

(blood brain barrier). Therefore most of the concentration of paraquat reaching the brain after 

a single administration, is associated apparently with structures that are not associated with 

BBB such as the ventricles of cerebrum and the pineal gland or with the structures that are 
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not having rigid BBB such as area postrema, hypothalamus and the anterior portion of the 

olfactory bulb. 

 It has been shown by the use of microdialysis technique in rats brain that after 

administering subcutaneously, paraquat could be present in the dialysate. The destructed 

BBB function by paraquat or its radical was not found to be responsible for paraquat’s brain 

penetration but paraquat was proposed to be taken up by the transport system of neutral 

amino acid into the brain and after that transported to the substantia nigra [22]. The young 

animals however were used for this study, the possible age associated BBB changes are there 

which could be censorious for paraquat uptake in brain. It has now been agreed by various 

findings that reaching of paraquat into the brain is an age associated episode. The levels of 

paraquat can be found higher in the brains of neonates in comparison to the elderly and adult 

rat brains [23], or either in very old or very young i.e. 12 & 24 months old and 2 weeks old 

animals respectively in comparison to the adult (3 months old) normal rats [24,25]. 

Apparently, this can be said that the better sequesters of paraquat are the neonates or very 

young animals.  

The intraperitoneal injection of paraquat has been found to end up concentrated in the 

SN and is connected with DA neuronal loss [11,20]. Paraquat generates ROS within neurons 

that leads to the fragmentation of DNA and the production of protein carbonyls and 

malondialdehyde [13,18,26]. In biological systems, paraquat’s redox cycling comprise 2 

implications: (i) ROS generation (ii) depletion of necessary reducing agents such as NADH 

and NADPH, and therefore disturbing different cell functions and processes. In neurons, an 

electron donor is required by paraquat to be reduced. Some of the cellular enzymes have been 

examined which could donate electrons to paraquat such as NOS [27], thioredoxin reductase 

[28] and mitochondrial complex-I  [29]. 

Administration of paraquat has been reported to activate generation of superoxides 

mediated by NADPH oxidase in microglial and neuronal cells [30,31] that has been involved 

as a responsible mechanism for increased degeneration of DA neurons mediated by paraquat. 

In addition, NOX 1 activation mediated by paraquat resulting in  increased aggregation and 

expression of α-synuclein [32] in LB reminiscent in [33,34,35]. In another study reports, 

paraquat has also shown reduction NA (noradrenergic) neurons in the locus coeruleus 

[11,15,21,34].  
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1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)  

The MPTP model of PD was discovered in the early 1980s when several users of  

intravenous drug administration in California users shown severe Parkinson’s like symptoms 

and were got hospitalizations [36,37]. The involvement of exogenous chemicals in the PD 

pathophysiology was indicated firstly by this discovery [38]. The PD clinical features such as 

slow movements, instable posture, freezing, rigidity and tremors were found to be exhibited 

by intoxication with MPTP [39-41]. Autopsy reports have shown damage to DA neurons in 

SN in patients died of PD but no LB were found unlike PD [39,40,42].  

Numerous species of mammals including rats, mice, cats, guinea pigs, dogs, sheep 

and monkeys have been used in animal models of PD giving them MPTP treatment [43,44]. 

MPTP crosses the BBB readily as it is highly lipophilic. As it is MPTP has not found to be 

toxic to DA neurons as a parent compound but after metabolism, it is readily converted into a 

metabolite that is more toxic [7,39]. MPTP has been first found to be converted into MPDP 

by MAO- B in astrocytes, after that it gets oxidized to a toxic metabolite MPP
+
 (pyridinium 

ion) [38,39,45]. From astrocytes,  MPP
+ 

is released and then DA take up it [39]. MPP
+
 has 

high binding affinity towards DA transporter. MPTP toxicity is not exhibited by mice as they 

lack the DA transporter [7,39,45]. In the mitochondria of normal DA neurons, high levels of 

MPP
+
 get accumulated and there it inhibits the mit- chain complex I through the generation 

of ROS [7,39,40,45,46-48]. The synaptic vesicles having stored DA also get transported 

MPP
+ 

via vesicular MA transporter [39,46]. The mice whose vesicular MA transporter has 

been depleted significantly would be more prone to the toxicity mediated by MPP
+ 

as 

mitochondria will be accessible to all of MPP
+
 and this uptake system would serve as a 

mechanism of detoxification [39]. MPP
+
 gives rise to mitochondrial ROS production in DA 

cell lines, ROS then trigger the cascade of apoptosis including fragmentation of DNA and 

activation of caspases [47]. The toxicity induced by MPTP has been found to share many 

features PD except the absence of LB [39,40,42]. 

6-Hydroxydopamine (6-OHDA) 

6-OHDA was discovered as the first chemical having neurotoxicity towards 

dopaminergic neurons. It has been successfully used in experimental PD models for over 

three decades [7,40]. 6-OHDA can be easily taken up by DA and NE transporters to the 

catecholaminergic neurons as this an analog of DA and NE [39]. Catecholaminergic neuronal 
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damage can be caused by it throughout the body and it even causes NE depletion in cardiac 

sympathetic nerves [40]. 6-OHDA  is not only a neurotoxic but is also able to cause the 

induction of glial cell activation (Bove et al., 2005). It can not cross the BBB readily, like 

DA, but if directly injected into the ventricles, accumulation does occurs inside the brain 

[39,40]. In PD patients, endogenous 6-OHDA accumulation has been reported [39]. Upon 

neuronal transportation, 6-OHDA, like DA, has been found to be oxidized to cause the 

generation of quinones and free radicals [40]. It also causes the mit- complex I inhibition and 

give rise to the production of hydroxyl and superoxide radicals via Fenton reaction 

participation (Schober, 2004). 6-OHDA  treatment, although, is able to produce many PD 

resembling features, however, it is worth to note that its administration does not give rise to 

the LB formation [7,40]. 

 Rotenone 

Rotenone is a pesticide that has been used as s fish poison by Indian people. This 

observation led to the development of cellular models for studying PD [7,40]. Rotenone 

belongs to the family rotenoids and has been known as a most potent of these cytotoxic 

family members [40]. Rotenone has been commonly used as a pesticide and insecticide 

around the world [7,40,47]. Rotenone has been known to be used for killing insects in 

vegetable farms and for killing the overpopulated and invasive fish in lakes [7,47]. In healthy 

individuals, rotenone ingestion has not been likely to have any toxic effects. Its absorption 

from stomach and small intestine is slow and incomplete and is also degraded efficiently in 

the first pass metabolism [40]. Once it enters the circulation, being highly lipophilic, crosses 

the BBB and is evenly distributed throughout in the brain [7,40]. Being highly lipophilic, 

rotenone also enters the cellular organelles including mitochondria and here it causes the 

inhibition of mit- electron transport chain complex I of high affinity [7,40,45,47]. By 

complex I inhibition, it causes the generation of ROS, depletion of ATP, and neuronal death. 

It leads to α-synuclein aggregation and LB formation in PD [40]. 

Endosulfan  

Endosulfan is a cyclodiene group member belonging to the organochlorine family 

which are the widely used agricultural pesticides. Chemically, it is 6, 7, 8, 9, 10, 10-

hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 9-methano-2, 4,3-benzadioxathiepin 3-oxide. It is 

used commonly for killing insects on varoius food crops like vegetables, fruits, tea and grains 
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and also on cotton and tobacco crops. Endosulfan exposure occurs by the ingestion of food 

contaminated with endosulfan, contact through skin, drinking contaminated water or through 

inhalation of contaminated air. The major characteristic of poisoning with endosulfan in 

humans is CNS overstimulation [49-55]. 

 Neurobehavioral alterations and changes in the levels of neurotransmitters after  

endosulfan exposure have been reported by various animal studies [56,57]. The most 

prominent signs of acute endosulfan overexposure in animals as well as in humans has shown 

tonic clonic convulsions, salivation, dyspnea, depressed respiration, tremors and 

hyperactivity as acute signs to overexposure. 

3.  Conclusion 

The availability of experimental PD models have provided the better understanding of 

the process and pathogenesis of PD that can lead to the better identification of the therapies 

that could modify the disease. PD, being a multifactorial disease which is caused through 

environmental etiological factors and genetic reasons, most of the models that are existing 

currently are not able to reproduce the lesions and symptoms of a given disease in full 

spectrum. Probably due to this reason why animal neurodegenerative disease models poorly 

indicate the effectiveness of neuroprotective agents in man. A single model may have some 

advantages and some limitations so in future studies neurotoxin models might be combined 

with genetical models. 
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