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Temporal lobe epilepsy is the most common form of acquired epilepsy and can arise due to multiple inciting
events, including central nervous system (CNS) infection. CNS infection with the Theiler’s murine encephalo-
myelitis virus (TMEV) in male C57Bl/6J mice leads to acute, drug-resistant handling-induced seizures. Choles-
terol 24-hydroxylase (CH24H) is a brain-specific enzyme that converts cholesterol into 24S-hydroxycholesterol;
the primary mechanism of cholesterol catabolism in the brain. The novel CH24H inhibitor, soticlestat (SOT; or
TAK-935), demonstrates the potential to restore excitatory/inhibitory balance in multiple preclinical models of
hyperexcitability. This study thus sought to characterize the anticonvulsant potential of SOT in the TMEV model.
Treatment with SOT (30 mg/kg, p.o.; n = 30) 0-7 days post-infection (DPI) reduced overall seizure burden and
severity. SOT administration significantly delayed onset of infection-induced Racine stage 5 seizures, from 8.6 +
0.6 (VEH-treated) to 10.8 + 0.8 (SOT-treated) observation sessions. Infected mice were then allowed 36 days
treatment-free recovery before assessing impact of earlier drug administration on epilepsy-related cognitive and
behavioral comorbidities, including a non-habituated open field (OF) task. Total OF distance traveled was
significantly less in SOT-treated mice compared to VEH-treated mice, suggesting attenuated TMEV-induced
spatial memory deficits, or reduced chronic hyperexcitability. Mice with history of SOT treatment also spent
significantly more time and traveled farther in the OF center, indicative of reduced epilepsy-induced anxiety-like
behavior. These studies suggest that SOT is a mechanistically novel agent for symptomatic seizure control.
Moreover, acute SOT administration during an epileptogenic insult may attenuate the resulting long-term
behavioral comorbidities of epilepsy.

is associated with the development of encephalitis, seizures, and epi-
lepsy (Misra et al., 2008). Neurocysticercosis is the most common hel-
minthic infection of the CNS and frequently leads to acute seizures and

1. Introduction

Roughly 80% of the global burden of epilepsy is in low and middle-

income countries (WHO, 2022) and central nervous system (CNS) in-
fections are one of the main risk factors for epilepsy in resource-poor
settings (Ba-Diop et al., 2014; Singh et al., 2008; Singh and Sander,
2020). CNS infection accounts for approximately 14.8% of newly diag-
nosed epilepsy in Ecuador (Carpio et al., 2001), whereas in the United
States, CNS infection accounts for approximately 3% of new epilepsy
cases (Annegers et al., 1995). Thus, infectious pathogens of the CNS are
an underrecognized driver of the worldwide prevalence of epilepsy.

In terms of specific pathogens, infection with human herpes 6B virus
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epilepsy, particularly in susceptible regions of the world (Del Brutto,
2016). Even SARS CoV-2 infection has been documented to induce rare
instances of acute encephalopathy and acute seizures (Galanopoulou
et al., 2020), which may further increase the global incidence of viral
infection-induced epilepsy. Treatments that can control acute seizures
resulting from CNS infections may reduce subsequent development of
epilepsy and thereby be a strategy to meaningfully reduce the global
burden of this disease.

Viral infections of the CNS can contribute to the development of
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epilepsy due to an increased risk of seizures and status epilepticus
(Barker-Haliski et al., 2017). Patients with viral infection-induced en-
cephalitis who present with seizures during the acute infection period
are up to 22 times more likely to develop spontaneous, unprovoked
seizures than the general population (Misra et al., 2008).
Infection-induced CNS inflammation represents a significant risk factor
for seizure induction and maintenance largely due to the surge in in-
flammatory cytokines observed in animal seizure models and patients
with epilepsy.

CNS infection of C57BL/6J mice with Theiler’s murine encephalo-
myelitis virus (TMEV) is a valid preclinical model of infection-induced
epilepsy that is well-suited to elucidate mechanisms of epileptogenesis
following a brain infection (Broer et al., 2016; Sanchez et al., 2019;
Waltl et al., 2018) and identify novel pharmacotherapies for the treat-
ment of seizures or prevention of epilepsy (Barker-Haliski et al., 2015,
2016a; Libbey et al., 2016b; Loewen et al., 2019; Patel et al., 2017,
2019). A large majority of TMEV-infected animals develop acute,
handling-induced seizures after the initial infection and show significant
elevations in inflammatory cytokines (Libbey et al., 2008). Roughly 50%
of the mice that initially develop handling-induced seizures go on to
subsequently develop spontaneous, recurrent seizures weeks later
(Stewart et al., 2010a, 2010b). Some agents are effective against acute
seizures (Barker-Haliski et al., 2015; Metcalf et al., 2022; Patel et al.,
2019; Waltl et al., 2018) and anti-inflammatory, but not anticonvulsant
agents, may be particularly effective in their ability to modulate the
development of chronic behavioral comorbidities that arise weeks after
viral infection (Barker-Haliski et al., 2016a). Given the biphasic char-
acteristic of both an acute period of evoked seizures and later epi-
leptogenesis with spontaneous recurrent seizures (SRS) and behavioral
comorbidities, the TMEV model is uniquely positioned to identify both
mechanistically novel antiseizure agents, as well as potential therapies
for epilepsy.

Soticlestat (SOT) is an investigational drug in clinical development
for the treatment of developmental epileptic encephalopathies (DEE),
such as Dravet syndrome and Lennox Gastaut syndrome. SOT was
identified as a small-molecule inhibitor of CYP46A1 (also known as
cholesterol 24-hydroxylase or CH24H). It potently inhibits CH24H at the
IC50 of 4.5 nM (Nishi et al., 2020) while ensuring a high degree of
selectivity against drug metabolizing CYP enzymes (Koike et al., 2021).
Cholesterol 24-hydroxylation is known as a CNS-specific mechanism to
oxidize cholesterol. Interestingly, its metabolite, 24S-hydroxycholes-
terol has been implicated in a wide range of biological functions that
could underlie various epilepsies, including glutamatergic overactivity
and inflammation (Alexandrov et al., 2005; Paul et al., 2013). With a
high specificity to CH24H and brain penetration, SOT has been inves-
tigated as a chemical tool with a novel mechanism of action for the
symptomatic treatment of epilepsy (Nishi et al., 2020). It possesses
anticonvulsant efficacy in several well-characterized rodent seizure and
epilepsy models (Nishi et al., 2022). Further, SOT demonstrated statis-
tically significant, clinically meaningful reductions from baseline in
median seizure frequency in patients with Dravet syndrome and Lennox
Gastaut syndrome (Hahn et al., 2022).

The goal of this study was thus to determine the effects of an 8-day
SOT treatment regimen on handling-induced seizures in the TMEV
model. Mice were then allowed to recover for 36 days post-infection
(DPI) and challenged in behavioral tasks representative of epilepsy
comorbidities. This present study demonstrates that SOT administration
was able to reduce handling-induced seizures during the acute phase of
TMEV infection in mice and modify performance in the OF test weeks
later. This study supports further evaluation of SOT in other chronic
epilepsy models associated with inflammatory processes and points to of
CH24H inhibition as a viable treatment option for epilepsy.
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2. Methods and materials
2.1. Animal handling and drug dosing

Male, C57BL/6J mice (4-5 weeks; Jackson Labs, Bar Harbor, ME)
were divided into two treatment groups (total n = 60). Group 1 (n = 30)
received chronic SOT (provided by Takeda Pharmaceuticals, Fujisawa,
Japan) in 0.5% MC vehicle once per day (30 mg/kg, p.o.) for 0-7 DPL.
Group 2 (n = 30) received an equivalent volume of chronic MC vehicle
(p.o.) once per day for Day 0-7 of the acute study. The treatment
regimen of SOT followed the previously described treatment approach
(Nishi et al., 2022). Animals were infected with TMEV 1 h after drug
dosing on Day 0, as described below. Body weights were recorded daily
during the entire study duration (8 days). Mice were group-housed (10
animals/cage) for the duration of the sub-chronic dosing and acute
behavioral testing. Following the acute infection period, mice were
challenged on the fixed speed rotarod on the 12th DPI to assess any
potential for treatment-related latent motor impairment or delays in
recovery from the viral infection, as previously reported (Barker-Haliski
etal., 2015). Animals had access to food and water ad libitum. All animal
experimentation was approved by the University of Utah Institutional
Animal Care and Use Committee (protocol #12-04011) and conformed
to ARRIVE guidelines (Kilkenny et al., 2010).

2.2. Surgical preparation and TMEV injections

One hour following drug dosing on Day 0, mice were anesthetized
with 3% isoflurane, with anesthesia confirmed by lack of response to
strong tail pinch. Mice were then injected intracerebrally (i.c.) with 20
pL TMEV (titer concentration of 2.5 x 10° plaque forming units (PFU)),
as described previously (Barker-Haliski et al., 2015, 2016a; Libbey et al.,
2008). All surgical sites were disinfected with 70% isopropyl alcohol
prior to i.c. Injections. All surgical procedures were performed under
sterile conditions. Following surgical procedures, animals were moni-
tored until they had recovered from anesthesia. All animal care and use
was approved by the University of Utah Institutional Animal Care and
Use Committee.

2.3. Assessment of handling-induced seizures

Following TMEV infection, animals were assessed twice daily for
seizure manifestation and body weights recorded daily for 0-7 DPI ac-
cording to methods previously described (Barker-Haliski et al., 2015,
2016a; Stewart et al., 2010a). All seizure scoring was performed by in-
vestigators blinded to treatment group. In addition to measuring seizure
severity, a general assessment of disease severity was determined by
monitoring motor function. Animals received SOT (30 mg/kg, p.o.) or
VEH each morning, then 1 h later were subjected to behavioral assess-
ment consistent with our drug screening protocol in this model (Bar-
ker-Haliski et al., 2015, 2016a). Each morning and afternoon 2-7 DPI,
animals were tested for handling-induced seizures and motor function
(6 h separation between morning and afternoon testing sessions; 7 h
separation between morning drug administration and afternoon seizure
testing). Motor function was assessed with a righting reflex test, which
was scored as follows: score 0, healthy mouse resists being turned over
by the twisting of the proximal end of the tail to the right and left; score
1, mouse immediately rights itself on one side; score 1.5, mouse
immediately rights itself on both sides; score 2, mouse rights itself in
1-5 s; score 3, righting takes more than 5 s; score 4, mouse unable to
right itself. The presence and severity of handling-induced seizures and
seizure severity was determined according to the Racine rating scale,
with minor modification as follows: 0.5 - freezing behavior >5 s; 1 -
freezing, jaw chomping and facial clonus; 2 - head bobbing; 3 - forelimb
clonus; 4 - rearing with forelimb clonus; 5 - rearing and falling.
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2.4. Open field (OF) activity assessment

All surviving mice were allowed to recover to 36 DPI for subsequent
evaluation of potential behavioral deficits in an OF, as described pre-
viously (Barker-Haliski et al., 2016a; Umpierre et al., 2014). Briefly, a
mouse was placed into an OF Plexiglas chamber (40L x 40W x 30H cm)
equipped with infrared sensors to detect animal movement for 30 min.
During the 30-min period, the total distance traveled (cm) and vertical
activity counts were measured and recorded by an automated computer
system (Accuscan, Omnitech, Inc). The measurements were specifically
recorded in the OF center and perimeter, with total time spent in the OF
center recorded as an additional measure of the anxiety-like behavioral
comorbidity of epilepsy. Mice were analyzed both for all infected sub-
jects, as well as within groups with and without acute seizures 0-7 DPI.

2.5. Novel object-place recognition (NOPR) task of object recognition
memory

Following evaluation of behavioral performance in the OF, a subset
of mice (n = 20/treatment group) were then challenged to perform in
the novel object-place recognition task at 45 DPI, a measure of object
recognition memory, as previously described (Barker-Haliski et al.,
2016b). The task tests the mouse’s ability to recall a novel object from a
familiar object (Antunes and Biala, 2012; Hammond et al., 2004). In this
task, learning is assessed by first exposing a mouse to a pair of identical
“familiar” objects for 15 min at an approximate distance of 15 cm apart.
After a 5-min retention interval where the mouse is isolated from the test
environment, one “familiar” object is replaced with a “novel” object in a
new location and the mouse’s behavior is recorded for an additional 5
min. The time that the mouse spends with the novel object versus the
time that is spent with the familiar object is determined based on the
total time spent with both objects, representing a “recognition index” or
RID score. Mice were analyzed both for all infected subjects, as well as
within groups with and without acute seizures 0-7 DPI.

2.6. Statistical analysis

Daily body weights were analyzed by repeat measures ANOVA and
post-hoc Sidak tests. Latency to first seizure Kaplan-Meier curves were
determined with a Log-rank (Mantel-Cox) test. Proportion of mice with
seizures (all and generalized Racine stage 3-5) was analyzed by Fisher’s
exact test. Effect of treatment on seizure burden and average number of
generalized stage 3-5 seizures was evaluated by Kruskal-Wallis test.
Long-term studies of behavioral comorbidities (rotarod, OF, NOPR)
were analyzed by unpaired t-tests. All statistical analyses were con-
ducted with GraphPad Prism v.6.0 or later, with p < 0.05 considered
significant.
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3. Results

3.1. SOT administration for 0—7 DPI improves TMEV-induced body
weight loss

Body weight was recorded daily through 12 DPI of the study period
(Fig. 1). Acute TMEV infection generally reduced body weight 0-7 DPI
(Fig. 1A; (F (9, 513) = 5.297, p < 0.0001). Post-hoc tests revealed no
significant differences between groups on any experimental day.
Administration of SOT for 0-7 DPI significantly attenuated the TMEV-
induced change in body weight from O DPI levels relative to VEH-
treated, TMEV-infected controls. There was a significant time x treat-
ment interaction, with SOT-treated mice showing less severe TMEV-
induced weight loss over the course of the 8-day observation period
(Fig. 1B; repeat measures ANOVA (F (9, 513) = 5.244, p < 0.0001). Post-
hoc analysis for each experimental day demonstrated that the overall
percent change in body weight in SOT-treated mice was significantly
different from VEH-treated mice on Day 12 post-TMEV infection
(Fig. 1B; p < 0.01). However, treatment with SOT significantly reduced
the extent of TMEV-induced body weight loss versus VEH-treatment
alone (Fig. 1). All animals in each treatment group demonstrated
normal righting reflex. Finally, by 12 DPI animals in each experimental
group were no longer experiencing behavioral seizures such that rotarod
performance could be recorded, demonstrating no gross differences in
motor impairment or recovery rate following the viral infection, as
demonstrated by no detectable coordination deficits between the
treatment groups (Fig. 1C; t = 0.9012, p > 0.05). These data cumula-
tively suggest that SOT treatment in TMEV-infected mice generally
reduced infection-related body weight loss relative to VEH-treated,
TMEV-infected mice and did not negatively affect post-infection
recovery.

3.2. SOT reduces the proportion of mice presenting with acute racine
seizures and reduces the maximum observed seizure severity during acute
TMEYV infection

TMEV-infection induces both acute behavioral seizures (Stewart
et al.,, 2010a, 2010b), and also movement arrest and freezing for a
duration of greater than 5 s with hunched, stereotyped posture (Bar-
ker-Haliski et al., 2015, 2016a). There were 24 VEH-treated mice (80%)
and 19 SOT-treated mice (63.3%) that presented with movement arrest
and/or seizure of any severity; this difference between treatment groups
did not achieve statistical significance (Fig. 2A). However, there was a
significant difference in the proportion of mice with and without
generalized Racine stage 3-5 seizures (Fig. 2B; p = 0.0089).
SOT-treatment from O to 7 DPI reduced the proportion of mice with
stage 3-5 seizures by 50%: 22 VEH-treated mice (73.3%) with seizure,
whereas only 11 SOT-treated mice (36.7%) presented with stage 3-5
seizure. Thus, acute SOT administration markedly reduced the severity
of seizures, but did not prevent overall presentation of infection-induced

Fig. 1. Effect of 8-day administration of VEH (0.5%
MC) or SOT (30 mg/kg, i.p., b.i.d.) on TMEV-induced
changes in A) raw body weight and B) overall change

c Rotarod - 12 DPI

60 e c—

é j: in male C57Bl/6J mice. A) TMEV infection generally
g 30 induced a significant decrease in body weight relative
20 to Day O wt, and there was a significant treatment x
LR time post-infection interaction on total body weight

o by 12 DPI (F (9, 513) = 5.297, p < 0.0001). However,

there were no post-hoc Sidak’s test differences be-
tween groups within each experimental day. B)
Administration of SOT for 0-7 DPI significantly
attenuated the TMEV-induced change in body weight

from 0 DPI levels relative to VEH-treated, TMEV-infected controls. There is a significant time x treatment interaction, with SOT-treated mice losing less weight over
the course of the 8-day observation period than VEH-treated mice (two-way ANOVA (F (9, 513) = 5.244, p < 0.0001). Post-hoc Sidak’s analysis for each study day
demonstrated that the overall percent change in body weight in TAK-treated mice was significantly different from VEH-treated mice on Day 12 post-TMEV infection

(**p < 0.01).
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Fig. 2. Proportion of mice with and without seizures
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g E movement arrest (e.g., freezing >5 s) in either treat-
5 5 ment groups (p = 0.076), as assessed by Fisher’s exact
o 0- test. B) However, when the proportion of mice with
VEH SOT VEH SOT generalized Racine stage 3-5 seizures was similarly
assessed, treatment with SOT significantly reduced
the total number of mice that presented with a
generalized Racine stage 3-5 seizure 0-7 DPI (*p =

0.089).

acute seizures.

Seizure burden is a means to qualitatively demonstrate overall
changes in disease burden across time in chronic seizure and epilepsy
models (Barker-Haliski et al., 2016a, 2021; Patel et al., 2017). This
outcome measure is defined as the sum of the total seizure score per
treatment group, with cumulative seizure burden representing the pro-
gressive increase in burden across the study period. SOT administration
from O to 7 DPI reduced the overall seizure burden during the acute
TMEV infection (Fig. 3A). The average seizure burden (Fig. 3B), average
number of handling-induced seizures (Fig. 3C), and average number of
generalized stage 3-5 seizures (Fig. 3D) were also compared between
each treatment group across all handling-induced seizure observation
periods following TMEV infection. Treatment with SOT significantly
reduced the average seizure burden (Fig. 3B; U = 269.5, p = 0.0065).
Similarly, the number of seizures was significantly reduced with SOT
treatment (Fig. 3C; t = 2.15, p = 0.036). Finally, the average number of
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generalized stage 3-5 seizures was significantly different between
treatment groups (Fig. 3C; t = 2.608, p = 0.012). Thus, administration of
SOT 0-7 DPI meaningfully reduced several metrics of acute disease
burden following CNS infection with TMEV in C57BL/6J mice, sup-
porting the profile of acute anticonvulsant efficacy of this compound.

3.3. SOT delays the latency to onset of stage 5 seizures

TMEYV infection typically results in acute, handling-induced behav-
ioral seizures in mice by 3-5 DPI (Libbey et al., 2008). In this study, SOT
administration significantly delayed the latency to onset of seizures of
any Racine stage severity (i.e., stages 1-5; Fig. 4A; X? = 6.072, p=
0.014). Additionally, repeated SOT administration significantly delayed
the presentation of Racine Stage 5 seizures (Fig. 4B; X? = 6.072, p =
0.031). Significantly more observation sessions elapsed before mice
presented with a Stage 5 seizure (not shown; t = 2.09, p = 0.041).

Fig. 3. For all mice in each treatment group enrolled
* in the study, the average seizure burden, number of
handling-induced seizures, and average number of

handling-induced generalized stage 3-5 seizures were
: compared between VEH- and TAK-treated mice. Sub-
o chronic treatment with SOT (30 mg/kg, p.o.) resulted
® L in a significant reduction in all endpoints. A) There
. was a significant difference between treatment groups
[ '] in the average seizure burden, p = 0.0065, as assessed
%,° ° by Mann-Whitney U test. B) There was a significant
- ! difference between treatment groups in the average
L ]
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VEH soT number of handling-induced generalized stage 3-5

seizures, p = 0.012, as assessed by Student’s t-test
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Fig. 4. Treatment with SOT significantly increased
the latency to first Racine stage seizure of any severity
and the latency to first generalized Racine stage 5
seizure. A) Latency to first Racine stage seizure is
significantly improved with SOT treatment during the
acute seizure phase (*p = 0.014). Latency to first
Racine stage seizure was analyzed with a Log-rank
(Mantel-Cox) test. B) Treatment with SOT signifi-
cantly delayed the presentation of the first general-

—— VEH
—= 80T

—,

Observation Session Post-Infection

Altogether, these findings indicate that repeated SOT administration at
0-7 DPI delays onset of evoked Racine seizures, including generalized,
stage 5 seizures, after intracerebral TMEV infection.

3.4. SOT administration during active TMEV infection blunts later
severity of epilepsy-related anxiety-like behaviors in an open field (OF)

Animals treated with SOT or VEH during the acute infection period
were allowed to recover to at least 36 DPI with no additional treatment
before being challenged in the non-habituated OF task and NOPR task;
two behavioral paradigms known to be negatively impacted by TMEV-
infection at this time point (Barker-Haliski et al., 2015, 2016a;
Umpierre et al., 2014). However, one mouse in the VEH-treated group
died prior to behavioral testing (11 DPI), thus all OF studies were con-
ducted with n = 30 SOT-treated mice and n = 29 VEH-treated mice.
Mice acutely treated with SOT from 0 to 7 DPI traveled significantly less
total distance in the OF at 36 DPI relative to VEH-treated mice (Fig. 5A; t
= 2.08, p = 0.042). However, the proportion of the total exploration
time elapsed within the OF center was significantly greater in
SOT-treated mice relative to VEH-treated mice (Fig. 5B; t = 2.29, p =
0.026). Additionally, SOT-treated mice spent a significantly greater
amount of their total exploration distance within the OF center (Fig. 5C;
t = 2,51, p = 0.015). Total vertical rearing activity of VEH and
SOT-treated mice did not differ (Fig. 5D; t = 0.75, p > 0.4), nor was there
any difference in OF center vertical rearing activity (Fig. 5E; t=1.4,p =
0.17). Therefore, twice-daily treatment of mice with SOT from O to 7 DPI
led to significant reductions in thigmotaxis of mice weeks after the viral
infection period, as measured by increased percent of total exploration
time and duration within the OF center, indicative of a notable effect on
anxiety-like behaviors, a comorbidity of chronic epilepsy in this animal
model, and in humans with epilepsy.

T T T T T 1 T T T T T T T 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Observation Session Post-Infection

ized Racine stage 5 seizure (*p = 0.031).

3.5. Acute administration of SOT during the TMEV infection did not
improve object recognition memory in the novel object-place recognition
(NOPR) task by 45 days post-infection

Following a recovery period from the acute viral infection and SOT
administration, TMEV-infected mice were challenged to perform in the
NOPR task of object recognition memory at 45 DPI. This time point has
been previously shown to coincide with SRS onset (Stewart et al., 2010a)
and cognitive deficits (Umpierre et al., 2014). There was no statistical
difference in the performance of either treatment group in the RID (t =
0.65, p > 0.5; Fig. 6A). When only the mice that experienced acute,
handling-induced seizures during the active infection period were
included in analysis, there was also no significant difference between
groups (t = 0.5059, p > 0.05; Fig. 6B), highlighting that acute SOT
administration did not lead to measurable improvements or deficits in
performance relative to VEH-treated, TMEV-infected mice. The mice in
both treatment groups demonstrated a preference for the novel object
relative to the familiar object (VEH-treated: t = 3.12, p = 0.004;
SOT-treated: t = 2.86, p = 0.007; data not shown). Furthermore, the
percent of total time spent exploring the novel object did not differ be-
tween groups (t = 0.67, p > 0.5; Fig. 6C). When only the mice that
experienced acute, handling-induced seizures during the active infection
period were included in analysis of total time spent exploring the novel
object, there was also no difference (t = 0.8416, p > 0.05; Fig. 6D). Thus,
despite improvements in acute behavioral seizure incidence and chronic
OF exploration for SOT-treated mice, object recognition memory per-
formance in the NOPR task at 45 DPI did not differ between SOT and
VEH-treated animals.

4. Discussion

The acute, handling-induced seizure phase of TMEV infection in

Fig. 5. The total distance traveled in an open field
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male C57Bl/6J mice is useful to assess the antiseizure potential of
investigational compounds and probe effects of treatment intervention
on the epileptogenesis process itself (Barker-Haliski et al., 2016a). In this
study, SOT was administered once daily during the acute TMEV infec-
tion period 0-7 DPIL. Treatment was then stopped until mice were
assessed between 36 and 45 DPI for performance in behavioral assays of
epilepsy comorbidities, including anxiety-like behaviors, spatial work-
ing memory, and object recognition memory. In this approach, we not
only assessed the acute anticonvulsant potential of SOT in a unique
model of evoked seizures, but subsequently evaluated the effects of SOT
on the comorbidities associated with mouse model of infection-induced
epileptogenesis. SOT administration during acute infection effectively
reduced the overall severity and incidence of seizures in this mouse
model of viral infection-induced encephalitis. Treatment with SOT
during the acute viral infection period (0-7 DPI) significantly blunted
TMEV-induced body weight loss relative to VEH-treated, TMEV-infected
mice. SOT significantly increased the number of days that elapsed until
the first observed handling-induced Stage 5 seizure. SOT administration
also significantly reduced the number of Stage 5 seizures observed
during each twice-daily handling session. Finally, a significantly
reduced number of mice experienced at least one observed Stage 5
seizure in the SOT-treatment group (8/30; 26.7%) versus the
VEH-treatment group (16/30; 53.3%), indicating that acute SOT treat-
ment during the TMEV infection period can markedly attenuate
encephalitis-induced seizure susceptibility and overall seizure burden.
SOT represents a potentially efficacious investigational compound for
the attenuation of acute viral infection-induced seizures. More broadly,
however, this study demonstrates that SOT possesses anticonvulsant
potential in a mouse model of seizures characterized by neuro-
inflammatory pathogenesis.

Upon completion of the acute behavioral seizure monitoring period
(0-7 DPI), mice were allowed to recover to at least 36 DPI for assessment
of activity and object recognition memory in the NOPR task. It is
important to note that the 30-day withdrawal period was long enough
for elimination of SOT exposure and reversal of its direct pharmacody-
namic effects (Nishi et al., 2020). Considering the 30-day washout
period included in this present experiment, it is unlikely that the
observed OF and NOPR behavioral effects are attributed to sustained

reduction of 24HC because we previously confirmed a 24HC lowering
approximately by 50% returns to the baseline level in 3 days after
cessation of SOT administration. Clinical observations in the soticlestat
phasela/2b clinical trial confirm these earlier findings, wherein plasma
24HC levels were that were initially reduced ~80% during treatment
recovered to pretreatment levels within a month after the treatment
period (Halford et al., 2021). Results of our chronic behavioral comor-
bidities studies may suggest potential effects on neuropathogenic pro-
cesses themselves because of short-term SOT administration relative to
VEH-treated, TMEV-infected mice. Specifically, SOT-treated, TME-
V-infected mice traveled less total distance in an OF, suggesting that the
SOT treatment from Days 0-8 in the acute infection phase reduced the
later development of chronic anxiety-like manifestations; a behavioral
comorbidity of chronic epilepsy in the TMEV model (Umpierre et al.,
2014). OF exploration is also a useful test to measure spatial memory in
laboratory rodents; animals with hippocampal lesions and spatial
memory deficits tend to ambulate to a greater extent in an OF (Praag
etal., 1994; Walker et al., 2011). While our study was limited to only the
assessment of TMEV-infected mice without a sham-infected control
cohort, our study does demonstrate that SOT-treated mice spent more
total exploration time in the OF center zone and traveled more distance
within the OF center zone. Despite these observations, there was no
significant difference between groups in the NOPR task 45 DPI, a mea-
sure of short-term (e.g., 5-min delay) object recognition memory. TMEV
infection often induces chronic deficits in object recognition memory in
drug-naive animals (Umpierre et al., 2014) and NOPR performance of
similarly aged naive male C57Bl/6 mice is sensitive to acute scopol-
amine administration (Barker-Haliski et al., 2016b), but in the absence
of comparative evaluations with sham-infected mice in this present
study, it is currently unclear whether the presently TMEV-infected mice
had long-term memory deficits. The NOPR is a non-aversive, innate
model of recognition memory (Cohen and Stackman, 2015) that chal-
lenges the ability of rodents to discern a novel object from a previously
presented, familiar object (Antunes and Biala, 2012). This behavioral
task is well-suited to drug discovery (Barker-Haliski et al., 2016b;
Grayson et al., 2015) and relies predominately on functioning of the
perirhinal cortex (Hammond et al., 2004), rather than the dorsal hip-
pocampus that is known to be severely damaged after acute TMEV
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infection (Barker-Haliski et al., 2015; Umpierre et al., 2014). Future
studies are thus necessary to determine any effects on cognitive function
resulting from SOT treatment during active TMEV infection. SOT
administration during the acute seizure period nonetheless beneficially
modified measures of chronic behavioral comorbidities that are other-
wise known to be worsened by intracerebral TMEV infection (Barker--
Haliski et al., 2016a; Umpierre et al., 2014).

SOT has recently emerged as a potential antiseizure medication with
a novel mechanism of action (Nishi et al., 2020). Although the role of
CH24H in epilepsy has not attracted a widespread attention as a
promising therapeutic target, the antiseizure potential of SOT has been
established in multiple animal models (Hawkins et al., 2021; Nishi et al.,
2022). Among the known functions of 24S-hydroxycholesterol, allo-
steric modulation of NMDA receptors may deserve attention in this
study. In theory, pharmacological reduction of 24S-hydroxycholesterol
can result in a modification of NMDA receptor function, however, the
antiseizure profile of SOT is hardly reminiscent of NMDA receptor
blockers (Barton et al., 2003). In fact, MK-801 was previously found to
be ineffective in TMEV model (Libbey et al., 2016b). Of note, CH24H
inhibition does not cause worsening of recovery from acute viral infec-
tion, as demonstrated by performance on a rotarod 12 DPI (Fig. 1C). Itis
thus suggested that CH24H inhibition does not indiscriminately dampen
baseline neural activities but rather, may protect the brain from path-
ologically induced excitatory/inhibitory imbalance. This interpretation
agrees with the previous finding that SOT was ineffective in traditional
models where seizures are acutely evoked in neurologically intact ani-
mals, such as maximum electroshock seizure and 6 Hz psychomotor
seizure (Nishi et al., 2022). One interesting hypothesis arising from the
present study is that CH24H inhibition exerts a therapeutic effect spe-
cifically in brains characterized by an altered inflammatory milieu. For
example, innate immune responses have been implicated in the TMEV
model (Kirkman et al., 2010). Future studies aimed at defining the
involvement of 24S-hydroxycholesterol in inflammatory conditions
could be relevant to treating neurological diseases, including epilepsy. It
thus seems fair to infer that the effects of SOT observed in this study are
mediated through a mechanism distinct from that of other known
antiseizure medications.

5. Conclusions

This study further demonstrates that the TMEV model is uniquely
positioned to identify and extend the preclinical profile of novel inves-
tigational therapies for the treatment and prevention of epilepsy,
including SOT. This is primarily because the TMEV model is one of the
few acquired epilepsy models available that relies on a naturally
occurring rodent pathogen to evoke infection-induced acute seizures
and epileptogenesis. It is unlike many other acquired epilepsy models in
that it does not rely on a chemical or electrical insult to induce epi-
leptogenesis (Barker-Haliski et al., 2017; Wilcox and Vezzani, 2014).
Discrete inflammatory mechanisms associated with the cytokine storm
and encephalitis itself likely contribute to the later onset of epilepsy and
behavioral comorbidities, therefore the TMEV model is uniquely posi-
tioned to identify agents that both exert acute anticonvulsant, as well as
anti-inflammatory or disease-modifying effects. Notably, agents that
primarily exert anticonvulsant effects demonstrate mixed efficacy in the
TMEV model, with some agents like carbamazepine exacerbating acute
seizure incidence and chronic behavioral comorbidities long-term
(Barker-Haliski et al., 2015). Because of its exquisite sensitivity and
ability to identify agents that are either beneficial (e.g. minocycline
(Barker-Haliski et al., 2016a; Libbey et al., 2016a)) or detrimental to
disease progression (e.g. carbamazepine (Barker-Haliski et al., 2015),
the TMEV model is useful to assess novel therapeutic mechanisms for
epilepsy, including anti-inflammatory or disease-modifying agents
(Barker-Haliski et al., 2016a; Libbey et al., 2016a). For example, phar-
macological depletion of microglia with PLX5622 is both beneficial
(Waltl et al., 2018) and detrimental in the TMEV model (Sanchez et al.,
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2019), highlighting conflicting effects of immune system modulation on
acute disease severity and survival rate in the TMEV model. Cannabidiol
(Patel et al., 2019) and TNF-alpha inhibition (Patel et al., 2017) have
also demonstrated mixed effects against the acute behavioral seizures in
this model. While the present study was not designed to assess acute or
chronic changes in neuropathological features of acquired epilepsy
resulting from CNS infection and SOT administration, (such as neuro-
inflammation or neurodegeneration), the effects of SOT administration
on neuropathology should be established in future studies using this and
other acquired epilepsy models. SOT administration herein demon-
strated a clear anticonvulsant profile that led to improvements in
chronic behavioral comorbidities in a mouse model of infection-induced
epilepsy. As a result, the therapeutic novelty of SOT and breadth of
anticonvulsant efficacy is confirmed and extended from prior in-
vestigations (Hawkins et al., 2021; Nishi et al., 2020, 2022). Future
studies with the TMEV model of epilepsy could, as a result, be a strategy
to further our understanding of the role of cholesterol 24-hydroxylase as
a therapeutic target and identify other agents that meaningfully shift
long-term disease outcomes post-infection to reduce the global burden
of epilepsy.
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