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Abstract: Electrocortical group neuron activity describe changes in neurotransmision cause by different factors. Such 
changes could by qualitative described by spectral analysis of electrocortical activity as a variation of relative spectral 
power in different frequency ranges. We used fractal dimension to compare treated animals with control to quantitativily 
describe degree of pathophysiological state. The aim of this study was to qualitativily and quantitatively evaluate effect of 
the stress and the neurodegeneration in animal model of chronic intoxication by aluminum. This animal model is 
comparible with Alzheimer’s disease and Parkinson disease. By spectral and fractal analysis we described changes in 
electrocortical activity of aluminum intoxication compare to physiological control. We used adult animals, during 6 weeks 
intraperitonealy treated with aluminum. Stress was cause by experimental treatmant and immobilization. 
Neurodegeneration was observed histologicaly. Results shows that decrease in delta range of spectral power and fractal 
dimension might be used for evaluation of pathophysiological state of stress and neurodegeneration. 
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1. Introduction 

Stress events and neurodegeneration are factors which 
determinate pathophysiological state and might be used for 
diagnosis and prognosis of Alzheimer’s dementia and 
Parkinson diseases. We used animal model of aluminum 
intoxication to describe this events. Stress was caused with 
aluminum accumulation in brain through the blood brain 
barrier. Secondary events are change in ion homeostasis 
and neuron transmission. Progress in disease is 
neurodegeneration cause by metabolic change in neuron. 
All this events could be qualitatively described by changes 
in electrocortical activity and quantitatively described by 
fractal dimension. 

2. Materials and methods 

Experiments were done in acordance with approve of 
Etical comity of IBISS. Wistar rats were exposed to 
aluminum for 6 week and the first reaction was noticed in 2 
weeks. First group of animals were intraperitonealy 
injected with doses of 2 mg/kg of aluminum daily and 

exposed to stress. Previous investigation showed 
neurotoxical effect in animal model (Lj. Martać, 2006). 
Rats were during the experiment anesthetised with 
40mg/kg Nembutal anesthesia and after surgical procedure 
we aded 15mg/kg of anesthetics. After treatmant we 
recorded electrocortical activity. Rats were during the 
experiment light anesthetised and immobile. Under this 
condition we recorded activity of parietal cortex (P:2.5, 
L:2mm in recpect to bregma) and cerebellum cortex 
(P:10.5,L:1.5 in respect to bregma) with tungsten electrodes. 
Recorded were done for 121s in intervals of 5 min with 
sampling rate 256Hz. Fractal analysis were made by 
applinig Higutchi algoritam. 

3. Results 

Spectral analysis qualitativly descrabes changes in ECoG 
electrocortical brain activity. Quantitativly fractal analysis 
are use as a measure of changes in ECoG activity compare 
to control. 

As the histogram shows we can notice that effect of 
stress and neurodegeneration cause changes in fractal 
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dimension. This results shows that in different 
pathophysiological state cause by intoxication we have 
increase in fractal dimension. Aldo the experiments were 
done under anesthesia this effect was eliminate as change in 
relative spectral power in delta range. 
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His 1. Fractal dimesion in group of treated animals with aluminum 
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His 2. Linearisation of fractal dimension which corespond effect of stress 

and neurodegeneration 

Effect of stress and neurodegeneration cause by 
aluminum intoxication have different simptoms in different 
brain structures.We used cerebral and cerebellar activity 
which has largest and lowest acumulation of aluminum and 
done linearisation to describe change in fractal dimension 
in this experimental model. Animal model is comparible 
with state of some diseases and might be used in prognosis 
of Alzheimer´s disease and Parkinson disease. However for 
the state of conditions of pacient should be consider mental 
state of diseruption. 

This results shows that decrease in fractal dimension of 
cerebrum and increase in fractal dimension of cerebellum 
can be measure of stress and neurodegeneration due to 
aluminum intoxication. However this changes are different 
for brain structures due to mechanisms of plasticity and 
acumulation. In evaluation of this effects we include all 
events which affect neurotransmision such as changes in 
neuron metabolic activity diseruption of ion homeostasis 
and excitatory and inhibitory effects on synapses.This 

results were calculated with respect to control group of 
anesthetised animals so we exclude effect of anesthesia. 

 

His 3. Fractal dimension in animal model of stress and neurodegeneration 

in Alzheimers demention and Parkinson desease 

In the group of animals whith neurofibrilary tangels and 
beta amiloid or changes in dopamine and serotonine 
neurotransmision we have differences in fractal dimension 
in cerebrum and cerebellum. Alzheimers demention effects 
mostly cerebrum and Parkinson disease effects cerebellum. 
This to oposite effects have variation becouse conectivity 
between this brain structures. This two pathophysiological 
state have similarity whith stress and neurodegeneration 
evants so it can be observed in comparation. We calculate 
change in fractal dimension for animal model and adjust it 
with a stete of illness in Alzheimer´s demention and 
Parkinson disease and propouse fiu states of 
pathophysiological condition. This changes in cerebral and 
cerebellar activity can not be lineariste due to different 
effects of diseruption of neurotransmision and conectivity. 
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His 4. Changes in frequently ranges in aluminum model of neurotoxicity 

In the model of neurotoxicity as an indicator of changes 
in the rhythm of the delta was observed spectrum registered 
rat brain activity that is correlated with all of the 
aforementioned changes. This is accomplished by varying 
the dose of the anesthetic and maintain the state of 
suppressing pain. In this model, the extent of the registered 
spectrum sigma brain activity of rats corresponding to the 
alpha rhythm in humans, which comprises a cognitive and 
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intellectual abilities, while the beta rhythm refers to the 
ability of the chain (Ćulić M., 2007). Gamma rhythm rule 
is observed in accordance with the previously developed 
model tissue lesions when registering (Ćulić M., 2005). 

Our previous work and spectral analysis shows that 
events of stress and neurodegeneration causes increase in 
spectral power in delta range. Also under anesthesia we 
have increase of relative spectral power in delta range. In 
this cause we eliminate effect of anesthesia and present 
changes in frequency domain booth for animal model and 
patient state of stress and neurodegeneration. This increase 
is comparable with decrease in higher frequency domain 
due to different mechanisms of disruption. Also in 
Alzheimer’s dementia and Parkinson disease spectral 
analysis shows increase in lower frequently ranges. 

4. Discussion 

The aim of this stydy was to present the results of fractal 
analysis based on spectral analysis of electrocortical 
activity of rats brain and to do the exstrapolarization of 
results to animal model in deseases. This animal model is 
convinient because stress and neurodegeneration have 
synergistic effect in diagnosis and prognosis of Alzheimers 
demention and also causes Parkinsonism. In adult types of 
intoxication is accompanied by reduced apoptosis and 
neurodegeneration (P. Bharathi, 2008). Due to the 
accumulation of aluminum in the brain leads to oxidative 
stress and inflammation of the brain tissue, which results in 
the development of neurodegeneration (A. Campbell, 2000). 
This animal model is comparable with Alzheimer's and 
Parkinson disease (M.Kawahara,2005). Increase in delta, a 
decrease in alpha and beta spectral power have diagnostic 
and prognostic significance. Delta 45% above described 
oxidative stress, inflammation and neurodegeneration, as 
the alpha and the beta rhythm of the related motor 
behaviors of rats, ie. the more psychological, cognitive and 
memory function in human patients. 

Results shows decrase fractal dimension as measure of 
pathophysiological state. Due to mechanisms of recovery 
which are stil unknown we can observed increase in fractal 
dimension which is in animal model different compare to 
humans so this results should be observed as the mean 
value which describes typical pathphysiological state and 
might be used in diagnosis. Lower value compare to mean 
value could be estimate as progression of disease. Higher 
values compare to control are due to mechanisms of 
adaptation in animal and can not be used for humans. 
However the degree of max adaptation compare to mean 
value could be indicator of tolerancy becouse in 
experiments all animals survive treatmant. Comparation 
shows that fractal dimension in the group of animals with 
neurofibrilary tangles and beta amiloid compare to 
diseruption in dopamine and serotonine transmision have 
oposite effects on cerebro-cerebellar conections. Molecular 
mechanisms which might effect pathophysiological state 
are described particulary (Gupta 2005;Adler 1999). 

5. Conclusion 

Previous results shows that decrease in fractal dimension 
can be measure of stress and neurodegeneration due to 
aluminum intoxication. However this changes are different 
for brain structures due to mechanisms of plasticity and 
acumulation. Linearisation shows changes is fractal 
dimension which correspond effect of stress and 
neurodegeneration in animal model of aluminum 
intoxication. Bouth in animals and humans increase in delta 
spectral range could be reliable for patophysiological state 
of disease. 

Decrease in fractal dimension in this animal model of 
stress and neurodegeneration could be used for diagnosis 
and prognosis of Alcheimers demention and Parkinson 
disease. This work describe changes in group neuronal 
activity and in prognosis of disease should be consider a 
state of dementia and menthal activity which is described 
as a neural network modeling (Y.He, 2009) or oscilatory 
activity in brain (J.L.W.Bosboom, 2006). 

Acknowledgements  

This work was supported by the Ministry of Education, 
Science and Technological Development of the Republic of 
Serbia 

 

References 

[1] Martać, Lj., Kesić, S., Ćulić, M., Grbić, G., Spasić, S., 
Sekulić, S., Lalošević, D, (2006). Effect of aluminium 
neurotoxicity on rat brain activity. Acta Physiol. Pharmacol. 
Serbica 42, 219-225. 

[2] V.B.Gupta,S.Anltha.,M.L.Hegde.,L.Zecca,R.M.Garruto,R.R
avid,K.Shankar,R.Stein,P.Shanmugavelu, K.S.J. Rao (2005). 
Aluminum in Alzheimers disease:are we still at a crossroad. 
Cell.Mol.Life.Sci 143-158. 

[3] Adler CH (1999). Differential diagnosis of Parkinson 
desease. Med.Clin.North.Am.83>349-367 

[4] He Y.,Chen Z.,Gong G.,Evans A.(2009). Neuronal networks 
in Alzheimer’s Disease. Neuroscientist 15 (4):333-50 

[5] J.L.W.Bosboom.,D.Stoffers.,C.J.Stam.,B.W.van 
Dijk.,J.Verbunt.,H.W.Berendse and E.Ch.Wolters (2006). 
Resting state oscillatory brain dynamics in Parkinson’s 
disease. An MEG study.Clinical Neurophysiology 2521-
2531. 

[6] Culic M.,Martac Lj.,Grbic G.,Kesic S.,Spasic S.,Sekulic S., 
Lalosevic D.,Capo I. (2007). Aluminum toxicity in rat brain: 
Electrophysiological,histological and behavioral evidence. 
In: From Basic Control to Functional Recovery V (Ed. 
N.Gantchev),pp. 224-229, Sofia. 

[7] Ćulić, M., Blanuša, Lj., Grbić, G., Spasić, S., Janković, B., 
Kalauzi, A., 2005. Spectral analysis of cerebellar activity 
after acute brain injury in anesthetized rats. Acta Neurobiol. 
Exp. (Wars) 65, 11-17.  



American Journal of BioScience 2014; 2(2): 28-31 31 
 

[8] Bharathi P. et all (2008): Molecular toxicity of aluminium in 
relation to neurodegeneration. Indian J.Med. Res.,128,545-
556.  

[9] Campbell and S.C. Bondy, (2000): Aluminum induced 
oxidative events and its relation to inflammation: A role for 

the metal in Alzheimer’s disease. Cell. Mol. Biol. 46 , pp. 
721–730. 

[10]  Kawahara M. (2005): Effects of aluminum on the nervous 
system and its possible link with neurodegenerative diseases. 
J.Alzheimers Dis. 8,(2),171-82 

 


