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Conclusions

Introduction Experimental Design & Results

An estimated 5.1 million people in the U.S. are diagnosed FIGU RE 1:- EXPERIMENTAL DESIGN 1. Preliminary experiments (n=4/group)
with epilepsy, r_e§ult1ing In an estimated leconomic ygarly - corroborate previous experiments in
costtof $15.5 b:clllon .]:I'emrgolral I_(I)be epllljepsyt(TtlF]E) is the A B — C which pilocarpine-treated rats
Most LOMMON TOrm Of partia’ SpIiepsy. HEespiie the Pilocarpine Perfusion ~rpriy developed interictal spikes, a
introduction of newer antiepileptic drugs (AED), ~40% of Recovery Epileptogenic Period Bohavioral outcome ed Ctti))n N seizure trﬁ)resh,ol 4. and
patients have poor seizure control with medication alone?. (2 week) l (4 ‘?veeks) (3 weeks) l _ u _ ' u ’

Many of these patients also suffer from chronic learning —> -— Sy - impaired cognitive performance on
and memory deficits that can be further exacerbated by _ _ the Barnes maze

current AEDs3. Therefore, there is a critical need for T Stimulation vagus nerve ' i '

innovative therapies that both reduce seizures and also = 2. Stimulation during the flurothyl test
address the associated cognitive deficits. Implant  Baseline Post-Pilocarpine Flurothyl resulted in increased stage 1 and 2

Vagal nerve stimulation (VNS) was approved by the FDA EEG EG B e seizure threshold as compared to
in 1997 as an adjunctive therapy for medically refractory non-stimulated pilocarpine rats.
epilepsy. Concurrent use of VNS and AEDs results in 50% Experimental Design: A) Schematic describing the timeline of the experiment, including initiation of seizures with the muscarinic agonist pilocarpine, assessment of cognitive outcomes following an epileptogenic : : :

. o . . . . . . . . . i . . i 3. Stimulation during the Barnes maze
seizure reduction in up to 50% of treated patients*. Despite peno_d, and e_valua_tlon of seizure thres_hold w!th the volatile _GABA_ antagonist flurothyl. B) lllustration of_ a rat with |mplaqted vagal cuff head implant, and wire tether®. C)_ Vagus cuff, including exposed contacts ' _
its success in reducing seizures, VNS, as it is administered for bipolar stimulation ( arrow), silver wire for connection to interface board (red arrow), and sterile suture to manipulate position and secure (blue arrow). D) Cuff implanted on left vagus nerve. (n=3) |mpr9ved Iatency toward sham
clinically, has failed to address cognitive impairments in levels and improved search strategy.
TLE.
" 4. Stimulation during the NOR (n=2

The lack of efficacy of VNS on cognition may be related FIGU RE 2 " OUTCOM E M EASU REM ENTS Bl sham (n=4) did not improve n%vel object( )
to the stimulation paradigm; cycled 20-30 Hz. However, : .
seizures can also be interrupted with stimulation in the 5-12 HIPPOCAMPAL OSCILLATIONS SEIZURE THRESHOLD B pilo (n=4) recognition.

Hz range~. This frequency range, also known as theta, has = B stim (n=2

long been implicated in learning and memory processes®. A Baseline A ' B E )

Furthermore, theta oscillations are one of the dominant %)

rhythms in the hippocampus, a structure that is both ’l!l\\ )( Jl A Mf‘h\ Mh W”W\ ’N\ “W \* W' .’ )M EWW’N' | 'Hl i‘ | ‘ | \“ 4+ 390 Futu ‘e D | reCt|OnS
involved in the generation of TLE and spatiotemporal ’) ,; |'| | l || A# J |"n ' W‘ 8

learning. Consistent with these observations, our lab v

recently demonstrated that theta stimulation of the medial I 0 300 1. Due to small sample size, we did
septum increased seizure threshold and improved cognition ; . e a not run statistics. Power analysis

: 7 i C :

in a rodent model of TLE'. Epileptic \ | ‘ 2 sec o indicates the need for a sample size

We hypothesize that, similar to DBS, low frequency f.' | \ h\ ) ! my o 250 of 10.
stimulation of the vagal nerve (7.7 Hz) will reduce seizures “M“I Al L‘J ] \\"k m )w M bl 'I.le L) S | .
and improve learning and memory in the pilocarpine model I n “' P '%\Y (,u "l, A W\h n.\\“‘\\l il ,\| | M\' W' U] | “ \l\ﬂ Q 2. Future studies will include extended
of TLE. ‘/‘ LA [ \ ' ] \‘ U‘ AW \ |‘ l | £ duration recordings to allow for

‘ | 1 \ - 0 5 5 3 4 5 capture and quantification of
electrographic seizures and
M eth 0 d S | | \ Racine Stage interictal spikes.

3. Initial stimulation parameters were
Animals and Surgical Procedures: All animal procedures were carried out . BARNES MAZE: Search Strategy . .
in accordance with the UC Davis Institutional Animal Care and Use BARNES MAZE Latency determlned frf)m our pre_VIOUS_
Committee (IACUC) policy. C -~ sham (n=4) D -8~ sham (n=4) experience with theta stimulation.
Subjects: Adult male Sprague-Dawley rats (300-350g) were housed under : 100 - Future experiments will also include
standard laboratory conditions. Twelve rats were split into three groups of —~ 300 == Dpilo (n=3) - pilo (n=3) P . :
four: sham (full VNS implant, saline injection), pilocarpine, and pilocarpine E = o ( 4) E - st ( 4) d CyCled 30 Hz stimulation group to
with stimulation. L Stim (N= o Stum (n= compare to current clinical practice.
VNS Construction: VNS electrodes were constructed from stainless steel ) -g 75 yn : :
wires attached to polyvinyl chloride (PVC) tubes, as previously describeds. =] 200 © 4. In addition to behawor, we will
VNS Implantation: All animals were anesthetized using 4% isoflurane and L 14 determine whether stimulation
then intubated._Ap incision was madg on the left side of.the ventral neck just S ‘E 50 entrains oscillations in the
lateral to the midline. The sternohyoid and sternomastoid muscles were (&) Q :
separated longitudinally until the carotid sheath was visualized. The vagal = E NIPPOCaMpuUs and evaluate whether
nerve was cgrefully isolated and placed into the lumen of the VNS cuff. % 100 Q 25 ower frequency stimulation alters
Suture was tied to secure the cuff. Bk a wippocampal anatomy including
Electrode Implantation: Individual tungsten electrodes (0.02 cm diameter; ’ _
PlasticsOne) were stereotaxically lowered, targeting the hippocampus bi- neuronal number and inflammation.
laterally (AP -3.3mm, ML £2.0mm, DV -3.8mm). Electrodes were affixed to 0 0
the skull with C&B-Metabond (Parkell). Electrodes were connected to an 1 2 3 4 1 2 3 4

electrode interface board (Neuralynx) and the interface board implanted in
dental acrylic.

Pilocarpine-Induced Epilepsy: Scopolamine methyl nitrate was injected Day Day Refe re n CeS

(1mg/kg, IP) 30 minutes prior to pilocarpine. Seizures were induced by an

injection of pilocarpine (350 mg/kg, IP), and convulsive seizures were NOVEL OBJECT: Differential Score NOVEL OBJECT: % Novel ObjeCt Exploration b S;Fgﬁfy,fg’;ﬁ;?;i?‘?aifs”thﬂa”" Prevention. (2016). Epllepsy. hitps:/iwww.cde.gov/
terminated with diazepam (8mg/kg, IP) after 240 minutes. E F 2. gv;/r;nﬁﬁ;ea;\f; A(ﬂi%ggiagg;;nﬂzazt;o; of refractory epilepsy. The New
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Seizure Threshold Assessments: Seizure threshold was assessed using
Flurothyl, a volatile GABA antagonist. A pump (Harvard Apparatus) gradually
increased the concentration in the chamber (infused at rate of 20 pl/min).
Time to seize was used as a measure of seizure threshold.
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Barnes Maze Spatial Learning: The Barnes maze is a circular platform (1.5
m diameter) with 22 circular holes (14 cm diameter) equally spaced along the
periphery, with four surrounding distal spatial cues. A dark escape box is
placed in a fixed location under one hole. Animals were connected to a unity
gain amplified headstage and tethered to a 16-channel amplifier (Neuralynx)
via a motorized commutator and then placed in a start box centered on the
maze for 10 seconds. The box was lifted, and a white noise generator and
two ultra-bright LED lights were turned on for the duration of the trial. Latency
to find the hidden escape box and search strategy were used as a measures
of spatial memory. One stimulation animal was removed from the study as it
repeatedly fell from the apparatus.
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Novel Object Recognition Task: Animals were habituated to a large empty 10
Plexiglas box for 5 minutes. The test was carried out in two five-minute ) . - - _ : : :
sessions divided by an intersession interval (ISI) of 3 hours. During the first Sham Pilo Stim Sham Pilo Stim This prOJect IS supported by the National
session (familiarization), the animal was free to explore two presented (n=4) (n=4) (n=2) (n=4) (n=4) (n=2) Center for Advancing Translational
objects. During the second session, (test session), one of the objects was Sciences. National Institute of Health
replaced by a novel object. A differential score (novel — familiar) and percent A) Rat oscillation recordings, illustrating an initial normal EEG, with a subsequent recording in the pilocarpine-treated rat exhibiting notable interictal spikes. B) Pilocarpine-treated rats had a lower seizure ’ ’
novel object exploration were “Sedfto evaluate object preference. Two of the threshold compared to sham. C) Pilocarpine rats receiving 7.7Hz VNS had improved latency to find the escape box on the Barnes maze. D) Stimulated animals performed similarly to sham in terms of search t_hrough grant number UL1 TR001860 and
f,ginéjlaﬁfrg?mﬂ-segirgurﬁrr,not\ﬁ,idfamatzga?@fI ﬁgjseeCt analysis, as they did strategy. Non-stimulated rats spent less time exploring a novel object compared to sham rats as determined by both E) differential score and F) percent exploration. One stimulated animal showed preference for linked award TL1 TR001861

P J J P ' the novel object while the other did not, resulting in no overall improvement in novel object performance from stimulation.




