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Good afternoon, my name is Mariam Benazouz, my name is Ai Vy Nguyen, and this summer we worked at the Kalume lab at SCRI. Our project studies “read the title”


Dravet Syndrome (DS)

Childhood-onset epilepsy (six-nine months old)

Begins with seizures induced by fever or hyperthermia
Mutations in Na,1.1 channel (Catterall et al. J. Physiology, 2010)

Multiple seizures of different types and levels of severity (myoclonic, tonic-clonic, absence, and

partial seizures)

Prevalence: 1 in 22,000 to 40,000 individuals

Caused by loss-of-function mutations in the SCN1A4 gene (most frequent mutations in epilepsy)

SCN14 is the gene that codes for the voltage-gated sodium channel, Na, 1.1
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Dravet Syndrome is an epileptic disease that is childhood-onset, which begins from around 6 to 9 months of age. 
�The disease begins with seizures that are induced by fever or hyperthermia 
�It develops into multiple seizures of varying types and levels of severity
�It occurs in approximately 1 in 22,000 to 40,000 people 
�Dravet Syndrome in caused by loss-of-function mutations in the SCN1A gene and this gene codes for a voltage-gated sodium channel known as Nav1.1. Diagram is Na+ channel.

*Red dots are where mutations can happen (>900 mutations)
��


® Sleep disturbances are common in people with epilepsy

® Are associated with poor seizure control

e Poor quality of life of the patients

e In children with epilepsy, they can negatively affect the coping mechanism of the family.

® DS patients have severe sleep abnormalities (75% of 57 patients)

o  Abnormal sleep-wake cycle (35%)
o Difficulty falling and staying asleep (39%)
o Nocturnal seizures (53%)

® Poor sleep can lead to behavioral and attentional problems.

o These can contribute to social and academic difficulties.
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Some of the reasons why we decided to study sleep specifically in Dravet, is because sleep disturbances are common with people with epilepsy.
�Sleep disturbances are associated with poor seizure control and poor quality of life for the patient. 
�In a recent study done, 75% out of their Dravet Syndrome patients suffered severe sleep abnormalities such as abnormal sleep-wake cycles, difficulty falling asleep and difficulty staying asleep. 
�This poor sleep can lead to behavioral and attentional issues which can ultimately contribute to social and academic difficulties in their life.  
Especially in children with epilepsy, it can negatively affect the coping mechanism of the family 
��


Fragmented Sleep in DS Mice
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Kalume lab: mouse model of DS which exhibit similar phenotype as DS patients
Previous studies have been done to measure the sleep quality in DS mice compare to their other counterparts. 

DS mice have abnormal sleep with increased brief wakes and also more interictal spikes, which are hallmarks of an epileptic brain. 

With these finding and the statistics that Mariam just mentioned of DS patients, it is imperative for us to test out different sleep compounds and see if they can help improve sleep quality in patients and mice with DS.



Melatonin

® A natural-occurring hormone that is produced /
in the brain- specifically in the pineal gland-

that is linked with sleep. H
N

| T

O

e More melatonin in the human body is released
during the nighttime to help induce sleep N
e Dosage for DS mice: 10 mg/kg H

Structure of Melatonin
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Melatonin was one of the drugs we tested. It is a naturally-occurring hormone produced in the pineal gland of the brain. 
�In the human body, more melatonin is released during nighttime to help induce sleep- making melatonin a hormone that is associated with sleep. 
�In our mouse model, we decide on a dosage of 10 mg/kg. as confirmed by a similar research paper that tested 5, 10, and 20 mg/kg of melatonin. 
-shorten this ��


Delta Sleep Inducing Peptide (DSIP)

e Member of natural sleep peptide family
e Link between DSIP and sleep is weak due to

lack of 1solation of DSIP gene, protein, and

O H
O
related receptor. 9 0 o M o
HoN H’HLN/\WH\)LN N"'rln N\)LN or
e Based on name: Inducing delta sleep 0 "o "o "o 0
(NREM) Structure of DSIP

e Dosage for DS mice: 2 mg/kg
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Another compound we did experiments on was DSIP, which stands for Delta Sleep Inducing Peptide. 
It is a member of natural sleep peptide family. Due to the lack of isolation of DSIP gene, protein, and related receptor, it is hard to know the biological mechanism of how DSIP works. 

Previous studies have found a link between DSIP and sleep in other animals, but not in DS mice.  

Based on its name, this peptide is supposed to induce delta sleep, which is also known as NREM sleep. 

We did a mini experiment to see which dosage gives off a better effect: 1mg/kg versus 2mg/kg. While we found that both are not drastically different from another, since we can see a larger difference between before versus after injection effects, we chose to proceed with 2mg/kg for the rest of our experiments.  



Aims and Hypothesis

» Reciprocal relationship between epilepsy and sleep
» Having epilepsy may lead to poor sleep

» Poor sleep can worsen seizures

» Aim: Evaluate the effects of melatonin and DSIP on sleep and epilepsy in DS mice.
» We predicted that melatonin and DSIP will:

» respectively increase the temperature threshold for seizures

» provide better quality of sleep in mice with Dravet
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There is a reciprocal relationship that exists between epilepsy and sleep. 

This means that having epilepsy may lead to poor sleep and that poor sleep can exacerbate seizures. 

Our goal for our project was to evaluate the effects of melatonin and DSIP on sleep and epilepsy in DS mice. 

Our hypothesis was that both the melatonin and DSIP will provide better quality sleep and increase the temperature at which the mice will have a seizure.  
��


Experiment Part 1: Effects of compounds on sleep quality

Injection (vehicle or melatonin/DSIP, i.p.)
R Baseline ﬂ Post-injection recording Vehicle: 0.3%
Het Senla x WT | 1 hr | 2 hr | Tween 80 in saline
Strain: C57BL/6
Het Scnla mouse will experience similar Mouse EEG/EMG
symptoms to DS patients
n=6 l
[ Genotyping } D Bard, 2018

Confirm the right genotype for
our experiments using PCR

Experiment Part 2: Effects of compounds on seizure threshold

e DS mice also experience seizure from high temperature, just like DS patients.

e Insert probe in mice to record body temperature and let acclimatize for 5 minutes

e To induce seizure, raise temperature (0.5°C every 2 minutes) until seizure occurs or
body temperature reaches 42°C
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In general, our experiment begins with obtaining Scn1a mice and genotyping PCR to make sure they are heterozygous. Het Scn1a mouse will experience similar symptoms to DS patients. After obtaining 6 mice, the first part of our experiment was to investigate sleep-inducing properties of these compounds. We connect the electrode that situates on the mouse skull to the computer to record its EEG and EMG activities. EEG records the brain waves while EMG indicates muscle activities. Our vehicle was made from 0.3% Tween 80 in saline, and the compounds we are testing out are DSIP and Melatonin. We let the mouse stay in its chamber for at least 1 hour, then inject with either vehicle or drug, and monitor for at least 2 more hours post-injection. For the second part of our experiment, we test the effects of these compounds on seizure threshold. 5 minutes after the probe is placed in the mice, we induce seizure by increasing the temperature using the heat lamp, .5 degree C every 2 mins, until a seizure is seen or body temp reaches 42degC.



Part 1 Analysis

[ Melatonin/ DSIP W

.................. n:6 J
1. Longitudinal analysis (EEG)
Baseline 1 30min 1h 1h30min
| 1h | |
R gl
Vehicle e o s e e, S o A A
n=6
Baseline 1 * * 2. Comparative analysis (EMG)
| 1h | 2h - _ .

Examples of EEG/EMG recording
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Following the completion of our recordings, we proceed to analyze three different parameters. The first one is longitudinal analysis with EEG, meaning that we look at the brain waves 30minute before injection versus 30min, 1h, and 1h30min after injection for each of the mice to see if they are sleeping better. Our second comparison is comparative analysis between mice with and without the drugs. We look at the EMG to see if the drugs help the mice fall asleep faster and experience a less fragmented sleep. Our third analysis looks at the temperature at which mice get the seizure for with vs. without the compounds. 



Power Spectrum: Melatonin
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The figures on the left show the EEG results in which we compared the brain activity of the DS mice before the melatonin injection and some time after the injection. You can see that both the red and the blue for each time interval has very minimal difference in the brain activity which tells us that, 
�based on our results, melatonin had little effect on the quality of sleep in DS mice. 
�On the right, we compared the muscle activity between saline and melatonin. The 1st graph shows that the mice injected with melatonin had slightly more muscle activity and the 2nd graph, which is 1hr after the melatonin injection, shows a bigger distinction and indicates that the melatonin injected mice moved more, which was unexpected. 
��


Power Spectrum: DSIP
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Likewise, the three graphs on the left represent EEG Power for DSIP. Since there is not much of a difference, it can be concluded that DSIP does not produce a significant effect on sleep of DS mice in terms of EEG power. 
On the right, the average of vehicle versus DSIP are put together. The red line is higher than the blue, meaning that when the mice are injected with DSIP, they produce more movements 30min and 1hr post-injection compare to that of the ones injected with vehicle. 


Part 2: Temperature-induced seizure

Between Vehicle and melatonin
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By inserting the temperature probe into the mice, we are able to measure their body temperatures when they have a seizure. 
�On the left is the graph of % of mice which were seizure-free at certain temperatures. The left figure shows that the mice that were injected with saline were able to withstand higher temperatures without experiencing a seizure compared to the mice injected with melatonin. 
�The right figure confirmed that the mice injected with saline had a slightly higher temperature threshold than the mice injected with melatonin, which contradict our hypothesis. 
��


Between Vehicle and DSIP
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On the left, the comparison between red and blue lines show that more mice with vehicle are free from seizures at a lower temperature. On the right, DSIP mice get seizures at a slightly lower temperature compare to mice injected with saline. These results mean that we don’t see antiepileptic effects on DS mice, at least not with this dosage.  


Conclusion

e Melatonin (10mg/kg) and DSIP (2mg/kg) did not exhibit any
effect on EEG power density.

e Melatonin/DSIP did not affect the susceptibility to thermally
induced seizures at the screened doses.
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Future Directions

e Test different dose of melatonin and DSIP ﬁ ‘

e Increase the number of animals \
e (Osmotic Pump - for extended drug release 'j — y

Azlet Osmotic Pump
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future directions
After our conclusion that there is no significant effects of melatonin and DSIP with the dosages we used, there are things we would change to further our experiment. 

The melatonin dosage we chose for the mice was specific to sleep, but alternatively, we can choose a higher dosage that would target an antiepileptic effect. 


We can also increase the number of animals to have more data. 

We can use an osmotic pump to make sure that the data we collect post-injection is not affected by the disturbance of the mice with the injection.  
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