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"Ideal" Model for Acquired Epileptogenesis
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In Vivo Models of Acquired Epileptogenesis
Immature Brain

Hypoxia (P10) Jensen et al. (1992, 2007)

Hypoxia-lschemia (P7)
e carotid artery ligation + hypoxia Williams et al. (2004)

Post-stroke epilepsy (P12, P25)
* intrahippocampal endothelin-1 Mateffyova et al. (2006)



In Vivo Models of Acquired Epileptogenesis

Adult Brain
Post-status epilepticus
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SE-induced Epileptogenesis in Rat

Video-EEG Recording System
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Post-traumatic epilepsy (knaratishii et al., 2006)

Lateral fluid-percussion brain injury
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9 d after TBI
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(Mcintosh et al., 1989)

Post-stroke epilepsy (kelyetal. 2001)

Rose bengal (i.v.) Photothrombotic stroke
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Epilepsy Phenotype Depends on Etiology
Newly Diagnosed Epilepsy in Rats

duration of latency

% of rats with seizures

mean seizure frequency

maximal seizure frequency
mean seizure duration
day-night cycle
memory impairment
response to AEDs

drug-refrasctoriness

SE TBI Stroke
amygdala lateral fluid- cortical
stimulation percussion photothrombosis
days -1 mo several months several months
40-100% 50% 20%

8/day 0.3/day 0.3/day
up to 30/day up to 1/day up to 5/day
49 sec 104 sec 117 sec
57% lights on 44% lights on 42% lights on
yes yes no
yes ? ?
yes ? ?

Pitkanen et al. (2007)



Distribution of Pathology Depends on Etiology

Traumatic
Brain Injury

* bilateral 9
» temporal lobe damage

e unilateral

e lesion in cortex

» temporal lobe
damage milder

"\/
Pitkdnen et al. (2007)



Type of Pathology Depends on Etiology

Hippocampus

SE

amygdala stimulation

TBI

lateral fluid-
percussion

Stroke

cortical
photothrombosis

neurodegeneration

neurogenesis

astrogliosis
microgliosis

axonal sprouting
axonal damage

dendritic changes

neovascularization

Pitkanen et al. (2007)



Type of Pathology Depends on Etiology

SE TBI Stroke
Hippocampus amygdala stimulation lateral fluid- cortical
percussion photothrombosis

neurodegeneration - +++ T i
neurogenesis ++ ++ i
astrogliosis +++ +++ +
microgliosis ++ ++ +
"epileptogenesis" vs. ‘"repair"

axonal sprouting - +++ ++ (+)
axonal damage ) (+) ++ nd

dendritic changes ) +++ (+) n.s.
neovascularization + + nd

Pitkanen et al. (2007)
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Tailoring Experiments by using MRI

Traumatic brain injury induced with lateral fluid percussion

Rat 1 i ‘
#T"'_‘?"'"H # - ‘..
F " = ;
&S &~ &) ¢
3 hours 3 days 9 days 23 days 3 months
Rat 2
P ab b .7 - .
- il & v )
3 hours 3 days 9 days 23 days 2 months 6 months

1. Adjustment of the severity of insult within the study group
2. Subpopulation analysis (mild vs. severe damage)

3. Bio/surrogate marker development

(Immonen, Kharatishvili, Grohn, Pitkdnen; unpublished)



More Detailed Analysis of Phenotype

Long-term video-EEG monitoring
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Disease Modification with Atipamezole

Epileptogenesis triggered by SE
Pitkanen et al. (2004)
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Disease Modification with Atipamezole

Epileptogenesis triggered by SE
Pitkanen et al. (2004)
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Where Are We?

We have models with clinically relevant etiologies
e to Investigate mechanisms of epileptogenesis

We are learning the "+" and "-" of models

We have technologies that allow the investigation
of models in clinically comparable way

. Study designs "ready for translation to clinic"
* to find novel therapies
e to identify bio/surrogate markers
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How To Facilitate Ongoing Progress?

Model development - "ldeal" Model
e pediatric models

 genetic background

e analysis of clinical relevance

Development and use of new technologies in preclinical studies
 MRI, SPECT/CT, PET/CT
» small-size EEG recording systems

Surrogate marker development
e prediction of outcome
« efficacy of therapy

Development of pre-clinical study designs

e guidelines for preclinical studies

» multicenter preclinical trials

* interaction between basic and clinical scientists

New thinking - taking advantage of progress in TBI and stroke fields
* epileptogenesis ~ recovery process
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