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SUMMARY  Ideally, animal models of neurodegenerative diseases should reproduce the 

clinical manifestation of the disease, a selective neuronal loss. In this review we will take as 

an example Parkinson’s disease because its pathophysiology is well known and the neuronal 

loss well characterized. Indeed, Parkinson’s disease is characterized by loss of some but not 

all dopaminergic neurons, a loss of some non dopaminergic neurons and alpha-synuclein 

positive inclusions resembling Lewy bodies. There are at least two ways to develop animal 

models of PD based on the etiology of the disease and consist in 1) reproducing in animals the 

mutations seen in inherited forms of PD; 2) intoxicating animals with putative environmental 

toxins causing PD. In this review we discuss the advantages and the drawbacks in term of 

neuroproction of the currently used models. 



 

 

MAJOR CHARACTERISTICS OF ANIMAL MODELS OF EURODEGENERATIVE 

DISORDERS 

Neurodegenerative disorders are characterized by a slow and progressive degeneration of 

neurons in specific locations of the central nervous system. It is this topographical 

arrangement of neuronal death that accounts for the specific clinical manifestations of each 

disease. Indeed, a major consequence of this neuronal loss is to induce changes in the 

functioning of the neuronal circuits downstream to the lesions and these changes are 

responsible for the clinical manifestation of the disease. In this context, changes in neuronal 

activity in motor systems will induce motor symptoms such as those seen in Parkinson’s 

disease (PD), Huntington disease (HD), hemiballism, etc. This concept may be extended to all 

kinds of symptoms and neurological disorders. Yet, most of the neurodegenerative disorders 

are also characterized by changes in non-neuronal cells. For instance, both an astroglial and a 

microglial reaction have been reported in Alzheimer’s disease (AD), PD, multiple sclerosis, 

etc. Last but not least, several neurogenerative disorders also display protein aggregation 

within neurons or glial cells. Schematically, four types of protein aggregations have been 

described: a) -synuclein accumulation in PD and other neurological disorders called 

synucleinopathies; b) accumulation of Tau proteins in the form of neurofibrillary tangles in 

neurons or glial cells in AD, progressive supranuclear palsy (PSP) and other tauopathies; c) 

A peptide in extracellular plaques in AD; and d) intranuclear inclusions made up of mutated 

proteins in inherited diseases characterized by an increased number of nucleotide triplets in 

the affected gene (for review, see Ross and Poirier 2005).  

Ideally animal models of neurodegenerative disorders should reproduce all the changes 

specific to a given disease. Unfortunately, most of the existing models do not reproduce the 

full spectrum of the lesions and symptoms. This is probably why animal models of 

neurodegenerative disorders are poorly indicative of the efficacy of neuroprotective 



 

 

substances in humans. Since the neuronal lesions in PD are relatively specific to 

dopaminergic systems, this disease will be taken as an example to discuss the development of 

animal models of neurodegenerative disorders.  

 

ANIMAL MODELS OF PARKINSON’S DISEASE 

Parkinson’s disease (PD) is characterized by a triad of symptoms, namely akinesia, rigidity 

and tremor. These symptoms are due to the loss of dopaminergic neurons projecting to the 

striatum. Yet, other dopaminergic neurons are also affected in PD, albeit to a lesser extent. 

Furthermore, despite the fact that degeneration of non dopaminergic neurons has been 

reported for almost 30 years, considerable attention has only recently come to be focussed on 

non dopaminergic lesions, which still represent a major limitation of current therapies (Hirsch 

et al. 2003). Furthermore, this dopaminergic and non dopaminergic neuronal degeneration is 

accompanied by the production of intraneuronal inclusions called Lewy bodies. There are at 

least three ways to develop animal models of PD reproducing all these characteristics. The 

first two are based on the etiology of the disease and consist either of reproducing in animals 

the mutations seen in inherited forms of the disease or of intoxicating animals with putative 

environmental toxins causing PD. The last method currently used, which is not exclusive of 

the first two, is to try to reproduce molecular or biochemical changes seen post-mortem in the 

brain of patients with PD. These changes include increased oxidative stress, mitochondrial 

dysfunction, defects in protein handling, protein accumulation, gliosis and inflammatory 

changes (for review, see Michel et al. 2002). 

 

HOW CAN GENETICS HELP TO DEVELOP ANIMAL MODELS OF ARKINSON’S 

DISEASE? 

Several genes and loci involved in inherited forms of PD have been identified during the past 

ten years (for review, see Gasser 2005). Yet, none of the models based on these mutations 



 

 

reproduces all the characteristics of the disease. Interestingly, a model based on -synuclein 

over-expression in the fly has been developed by Feany and co-workers. They reported 

reduced climbing activity in flies over-expressing the wild type or the mutated form of -

synuclein, the presence of intracellular inclusions and neuronal degeneration. Yet, similar 

motor changes have been seen with mutations in genes unrelated to PD, such as those 

involved in an inherited form of AD that provokes similar behavioural changes. Furthermore, 

there is no definite proof that the disappearance of tyrosine hydroxylase-positive neurons is 

due to neuronal death as it could be the consequence of a reduced tyrosine hydroxylase 

expression. Transgenic mice have also been developed for -synuclein and other mutated 

genes but, so far, most of them lack the loss of dopaminergic neurons seen in PD. This has led 

to strategies based on gene transfer methodology using a strong promoter (prion promoter) 

which results in the death of dopaminergic neurons in the substantia nigra due to -synuclein 

over-expression (Kirik et al. 2002). Thus, further developments are still needed in order to 

develop suitable genetically based animal models of PD. 

 

HOW TO DEVELOP ANIMAL MODELS OF PARKINSON’S DISEASE BASED ON 

THE USE OF NEUROTOXINS 

Most of the models of PD are based on the use of a neurotoxin that mimics the effect of 

environmental toxins or reproduces the biochemical changes seen in PD. In line with this, 

animal models have been developed on the basis of oxidative stress (paraquat, 6-

hydroxydopamine), mitochondrial complex-1 inhibition (MPTP, rotenone, annonacine), 

proteasome inhibition (PSI) and proinflammatory compounds (lipopolysaccaride) (for review, 

see Hirsch et al. 2006). Among these potential models, complex-1 inhibition with MPTP 

being administered continuously in mice by an osmotic pump has recently been shown not 

only to induce a degeneration of dopaminergic neurons but also the formation of -synuclein 



 

 

and ubiquitin-positive inclusions (Fornai et al. 2005). Yet, with the exception of the MPTP 

model controversial results have been published. For instance, non-dopaminergic lesions have 

been reported in the rotenone model (Höglinger et al. 2005), whereas the model induced by 

proteasome inhibition could not be reproduced at all (ref). Furthermore, these models still lack 

the non-dopaminergic lesions seen in PD. 

CONCLUSIONS 

 

In summary, several animal models have been developed to test neuroprotective strategies in 

neurodegenerative disorders. However, most of them are poorly predictive of an effect in 

patients. There are several reasons for these poor outcomes. First, as indicated in this review, 

the models have to be improved so as to reproduce the full spectrum of the disease. Second, 

for a given disease, the etiology (inherited vs. sporadic cases) and the clinical manifestation 

may differ from one patient to another. Consequently, neuroprotective strategies will probably 

have to be adapted to the different etiologies or mechanisms of cell death for a given clinical 

entity. This calls for patients enrolled in neuroprotective trials to be subdivided into groups 

according to individual differences. Such a methodology may help to improve neuroprotective 

strategies, which may be effective for some patients but not others.  
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