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Dementia in Parkinson’s disease – a rat study 
 

What happens in the brain in Parkinson’s disease? And why does this disease that is 
characterized by motor control impairment, also cause memory decline in some 
patients? What role do different parts of the brain play in this? These were the 
questions asked when a study on the subject of dementia in Parkinson’s disease was 
started at Lund University.  
 
Parkinson’s disease is a disorder of the brain, where the main cells of the brain 
(neurons) degenerate. The area mainly affected is called the dopaminergic system, 
because it contains high amounts of the substance dopamine. Damage in this system 
leads to problems in moving and tremor in patients. Many patients, however, also 
show symptoms of dementia, for example memory loss, which cannot be explained 
only by the dopaminergic cell loss. In Parkinson’s disease, some other brain systems, 
such as the cholinergic system, also degenerate. Our theory is that co-existing deficits 
in dopaminergic and cholinergic systems at the level of a particular structure involved 
in memory, called the hippocampus, may play a role in causing the dementia. 
 
In this study, we looked at the brains of rats that had been injected with toxins to 
induce brain damage. In some rats we targeted the dopaminergic system, while two 
other groups of rats had cholinergic damage in two different parts of the brain. We 
also looked at normal rats for comparison. What we saw was a confirmation that the 
toxin injections had caused a loss of neurons in the injection area. We also saw that 
this had affected other areas of the brain; areas that get nerve connections from the 
damaged areas.  
 
The study is still ongoing. More areas in the brains will be tested to map the nerve 
connections affected and neurons will be counted to see how big percentage of cells 
degenerate because of the toxins. Other rats with similar brain damage will also be 
tested to see how their memory and movement is affected. Finally, we will run tests 
on donated human brains from patients with Parkinson’s disease with and without 
dementia. Correlating the information from the studies on the rats to the states of 
human samples, we could reach a conclusion on what role the dopaminergic and 
cholinergic systems actually play in Parkinson’s disease with dementia. We hope that 
this will lead to improved treatments of dementia in Parkinson’s disease in the future.  
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Investigation of biochemical and histological effects of dopaminergic 
and cholinergic toxin induced cell loss in the rat brain 

 
Although Parkinson’s disease is a neurodegenerative disorder mainly characterized by 
movement impairments, many patients also develop significant cognitive dysfunction. 
It is not yet elucidated whether these cognitive symptoms are due to the loss of 
dopaminergic systems in the brain, which is responsible for the movement disorders, 
or if other neurotransmitter systems are involved as well, such as the cholinergic 
systems. In this study, we partly characterized the state of the dopaminergic and 
cholinergic systems in three rat models: (1) dopaminergic lesion of the ventral 
tegmental area (VTA), (2) cholinergic lesion of the medial septum (MS) and vertical 
limb of the diagonal band of Broca (vDBB), and (3) cholinergic lesion of the nucleus 
basalis of Meynert (NBM). Our study involved systematic processing of samples from 
both hemispheres where the affected nerve cells are projecting and where the 
cholinergic and dopaminergic cells reside in the brain, through histological stainings 
and biochemical assays. We observed a cell loss in the nuclei directly injected with 
the toxins in comparison to the control. We also measured a decrease of choline 
acetyltransferase activity in the hippocampus of the MS/vDBB lesioned animals and 
decreased AADC activity in the striatum of the NBM lesioned brains. Ongoing 
stereological cell quantification and biochemical assays performed on the remaining 
brain structures will help to fully characterize these models. Further experiments 
involving simultaneous lesioning of dopaminergic and cholinergic systems will then 
be implemented. 
 
 
Supervisors: Hélène Hall, Deniz Kirik 
Degree Project 15 credits in Neurobiology 2009 
Department of Cell and Organism Biology, Lund University 
BRAINS, BMC D11, Lund University 
 


