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Epilepsy

• A group of neurological
disorders characterized by
epileptic seizures.

• An excessive and disorderly
discharge of cerebral nervous
tissue on muscles.

• Affects around 65 million
people worldwide.

American Association of Neurological Surgeons

Vorführender
Präsentationsnotizen
Epilepsy can have a variety of causes:  neurodegenerative diseases, traumatic brain injury, stroke, brain tumor, and infections of the central nervous system. Current epilepsy therapy is based on drugs that treat the symptoms rather than the underlying mechanisms. Recent studies highlighted  the the role of neuroinflammatory cytokines such as interleukin 1beta and tumor necrosis factor alpha in epiloptogenesis.Epileptic seizures reduce the quality of life, increase the risk of death, they also impose socioeconomic burdens to affected people and society.30% of epilepsy patients are resistant to therapies. ….and this shows the need for new therapy options. 
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• “Clean up” phase after the initial inflammatory response.
• An active biochemical process that involves the interaction of many

mediators.

Basil et al. Nat Rev. Immunol. 2016

Vorführender
Präsentationsnotizen
Until the discovery of pro-resolving lipid mediators, the resolution phase was accepted to be a passive process, in which the inflammatory response gradually weakens. Today, it is known that resolution is an active biochemical process that involves the interaction of many mediators, and not simply the termination of inflammation.
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Fullerton et. al 2016

Vorführender
Präsentationsnotizen
Second graph shows the course of chronic inflammation.



Department of Surgery

Ecem Çavuş
6

Pro-resolving Lipid Mediators

• Lipoxins, resolvins, protectins and maresins.

• Key molecules that mediate the active resolution of inflammation in peripheral 
tissues and in CNS.

• The biological actions mediated by G-protein coupled receptors

• lipoxin A4 receptor/ formyl peptide receptor 2 (ALX/FPR2)

• chemerin receptor (ChemR23/ERV1)

Vorführender
Präsentationsnotizen
These mediators reduce the expression of proinflammatory cytokines and chemokins, regulate the trafficking of the immune cells to the inflamed tissues, they are capable of restoring blood-brain barrier integrity and increase the production of anti-inflammatory molecules.
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Serhan et al.  2014

Vorführender
Präsentationsnotizen
Tissue injury or infection leads to the release of polyunsaturated fatty acids from membrane phospholipids.
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Serhan et al. 2014

Vorführender
Präsentationsnotizen
The ALX/FPR2 receptor and 15-LOX are expressed in the hippocampus of patients with Alzheimer’s disease.Also in models of neuropathic pain; maresin 1 and neuroprotectin D1 showed analgesic properties.
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Experimental animals

• Adult male C57/BL6N and NMRI mice  

• Free access to food and water, 12h light-dark circle

Mouse model of epilepsy
• An electrode implanted in the dorsal hippocampus
• A cortical surface electrode onto the somatosensory cortex in the contralateral

hemisphere
• Two screw electrodes positioned over the nasal sinus and the cerebellum, and

used as ground and reference electrodes

Vorführender
Präsentationsnotizen
Several electrodes were implanted to observe the epileptic seizures
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Detection and quantification of status epilepticus and spontaneous 
seizures

• Status epilepticus: Spike activity with a frequency >1 Hz intermixed with high
amplitude and frequency discharges lasting for at least 5 s, with a frequency of >8
Hz.

• After status epilepticus induction mice were recorded continuously (24/7) until the
onset of spontaneous seizures and for 16 days thereafter.

• The end of status epilepticus was defined by the occurrence of interspike intervals
longer than 1 s.

• Calculation of total number and total duration of seizures in a 16-day recording
period (24/7).

Vorführender
Präsentationsnotizen
Status epilepticus developed after about 10 min from kainic acid injection. After 40 min from status epilepticus onset, mice were injected with diazepam (10 mg/kg, intraperitoneally).
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Pharmacological treatment with PD1 n-3 DPA-ME

• Mice first exposed to status epilepticus, then assigned randomly to treatment or
vehicle (50mM PBS) groups.

• PD1 n-3 DPA-ME, the methylester (ME) pro-drug form of PD1n-3 DPA, which is
rapidly converted by cellular esterases to the free acid form.

• PD1n-3 DPA-ME (20 or 200 ng/ml in 50mM PBS) or vehicle was injected
intracerebroventricularly (1 ml/site) twice daily for four consecutive days starting 1
h after status epilepticus onset.
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Distinct temporal regulation of pro-resolving mediators versus 
neuroinflammatory mediators during epileptogenesis

Vorführender
Präsentationsnotizen
Real time quick PCRIL-1beta expression in the mouse hippocampus during epileptogenesis A) m-RNA expression B) protein expressionSignificant increase between 2-72 h declining to basal values thereafter. The results were confirmed by immunohistochechemistry. IL1beta staining was induced in activated GFAP-positive astrocytes but not in CD11b-positive microglia.GFAP specific astrocytic cell marker(red)CD11b --> “      microglial  “        “         “  
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Distinct temporal regulation of pro-resolving mediators versus 
neuroinflammatory mediators during epileptogenesis

Vorführender
Präsentationsnotizen
TNF-alpha
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Distinct temporal regulation of pro-resolving mediators versus 
neuroinflammatory mediators during epileptogenesis

Vorführender
Präsentationsnotizen
5-LOX  and 15-LOX : two key enzymes in the biosynthesis of pro-resolving lipid mediators,  a significant upregulation of both enzymes at 72h interval 
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Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles

Vorführender
Präsentationsnotizen
The researchers of this study next assessed whether specialized pro resolving mediator synthesis was also altered.LC-MS/MS lipid mediator profiling was used.  Mediators from all four major metabolomes were identified. 
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Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles
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Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles
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Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles

Vorführender
Präsentationsnotizen
Multivariate analysis of lipid mediator profiles obtained from sham and epileptogenic mice gave two distinct clusters which indicates that the lipid mediator production is dysregulated during epileptogenesis. 



Results

Department of Surgery

Ecem Çavuş
19

Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles

Vorführender
Präsentationsnotizen
And these are the quantitative results Downregulation of both DHA and n-3 DPA-derived resolvinsUpregulation of                “                     “                   protectins
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Epileptogenesis alters mouse hippocampal specialized
pro-resolving mediator profiles

Vorführender
Präsentationsnotizen
Downregulation of arachidonic acid derived LipoxinsUpregulation of eicosapentaenoic acid derived resolvins
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PD1 (n-3 DPA) regulates neuroinflammation

Vorführender
Präsentationsnotizen
Given that PD1n-3 DPA was markedly upregulated during epileptogenesis, the authors next investigated whether this mediator wasinvolved in controlling neuroinflammation. Thus, they administered this mediator as its methylester form (PD1n-3 DPA-ME). Administration of PD1n-3 DPA-ME (20 or 200 ng/ml) significantly reduced in a dose-dependent mannerhippocampal Il1b and Tnfa mRNAs expression after status epilepticus when compared to mice administered vehicle only.
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PD1 (n-3 DPA) regulates neuroinflammation

Vorführender
Präsentationsnotizen
TNFalpfa and IL1Ralpha
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Effect of PD1 (n-3 DPA) on early pathological consequences of
status epilepticus

Vorführender
Präsentationsnotizen
Mice were administered PD1n-3 DPA-ME or vehicle intracerebroventricularly for 4 days starting 1 h after status epilepticus induction (Fig. 5A). Mice exposed to status epilepticus and injected with vehicle displayed a persistent loss of weight after status epilepticuscompared to sham mice (n = 9; Fig. 5B). In contrast, in mice given PD1n-3 DPA-ME (n = 6), weight returned to those insham mice after 48 h and this effect was sustained through 72 h after status epilepticus.
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Effect of PD1 (n-3 DPA) on early pathological consequences of
status epilepticus

Vorführender
Präsentationsnotizen
To determine whether there PD1n-3 DPA also improved cognitive function, the authors performed the novel object recognition test. Control mice spent more time exploring the new object, while the mice injected with saline and exposed to status epilepticus equal time exploring new and familiar objects. As depicted in Fig. 5D, the three groups of mice spent equal time (50%) exploring the two identical objects during the familiarization phase.



Results

Department of Surgery

Ecem Çavuş
25

PD1 (n-3 DPA) reduced ensuing epileptic seizures

Vorführender
Präsentationsnotizen
To test whether PD1n-3 DPA also regulates spontaneous seizures in mice, the mice were administered the PD1n-3 DPA-ME (n = 9) or saline (n = 12) for 4 days starting 1 h after status epilepticus induction and then cortical and hippocampal EEG activities were measured continuously for 21 days to detect the onset and frequency of spontaneous seizures.
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PD1 (n-3 DPA) reduced ensuing epileptic seizures

(B). Note the shorter duration of a typical EEG seizure in a drug-treated mouse versus saline-injected mouse. 

Vorführender
Präsentationsnotizen
Note the shorter duration of a typical EEG seizure in a drug-treated mouse versus saline-injectedmouse.
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PD1 (n-3 DPA) reduced ensuing epileptic seizures

(C) The onset of spontaneous seizures, the number of spontaneous seizures in each day of EEG recording, the average seizure duration and the 
cumulative time spent in seizures in saline- (n = 12) versus drug-treated mice (n = 9). Data are presented as box-and-whisker plots depicting 
median, interquartile interval, minimum and maximum (n = number of mice).

Vorführender
Präsentationsnotizen
Although the onset of spontaneous seizures was not significantly modified by PD1n-3 DPA-ME (Fig. 6C), the mediatorsignificantly reduced the cumulative number of daily seizures  and the mean seizure duration after disease onset. 



Results

Department of Surgery

Ecem Çavuş
28

PD1 (n-3 DPA) reduced ensuing epileptic seizures

(D) The cumulative number of seizures per day in each experimental group during 16 days after epilepsy onset. *P50.05; **P50.01 versus saline 
injected mice by one-tailed t-test. Friedman’s two-way non-parametric ANOVA was used to detect the treatment effect on number of seizures and 
duration and their interaction with days. Treatment effect on number of seizures, P50.01 and interaction with days, P = 0.51; treatment effect on 
duration of seizures, P50.01 and interaction with days, P = 0.82.
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• Even though early post-injury administration of PD1 (n-3 DPA)-ME
significantly reduced neuroinflammation, the number and the
duration of spontaneous seizures, it did not reduce neuronal cell
loss in the hippocampus.

• Only protectin-D1 administered in follow-up experiments even
though resolvin was upregulated as well.

• No difference/increase in inflammatory response after PD1 n-3
DPA treatment in comparison to saline treatment. (P 21)

• Dietary intake of omega-3-polyunsaturated fatty acids  clinical
studies with limited results.



Conclusion

• PD1 (n-3 DPA) might be a key player during epileptogenesis.

• Anti-epileptogenic effect of PD1 (n-3 DPA)-ME highlights novel 
opportunity for drug discovery. 
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Thank you for listening!
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