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Ireland



Abstract

Brain cholesterol homeostasis has been shown to be disrupted in neurodegenerative
conditions such as Alzheimer's and Huntington's diseases. Investigations in animal
models of seizure-induced brain injury suggest that brain cholesterol levels are altered
by prolonged seizures (status epilepticus) and are a feature of the pathophysiology of
temporal lobe epilepsy. The present study measured hippocampal sterol levels in a
model of unilateral hippocampal injury triggered by focal-onset status epilepticus, and
in chronically epileptic mice. Status epilepticus was induced by intra-amygdala
microinjection of kainic acid and ipsilateral and contralateral hippocampus analyzed. No
significant changes were found for ipsilateral or contralateral hippocampal levels of
desmosterol or lathosterol at any time after SE as measured by gas chromatography-
mass spectrometry. 24S-hydroxycholesterol and cholesterol levels were unchanged up
to 24 h after status epilepticus but were decreased in the ipsilateral hippocampus during
early epileptogenesis and in chronically epileptic mice. Levels of cholesterol were also
reduced in the contralateral hippocampus during epileptogenesis and in chronic
epileptic mice. Treatment of mice with the anti-inflammatory cholesterol synthesis
inhibitor lovastatin did not alter seizures during status epilepticus or seizure-induced
neuronal death. Thus, changes to hippocampal cholesterol homeostasis predominantly
begin during epileptogenesis, occur bi-laterally even when the initial precipitating injury
is unilateral, and continue into the chronic epileptic period.



1. Introduction

Cholesterol is a key component of the brain. This is underscored by the fact that the
brain is the most cholesterol-rich organ in the body and contains 25-30% of total body
cholesterol content. It is a major structural component of plasma membranes and
myelin, where it is critical for rapid conduction of nerve transmission. Cholesterol has
also been directly implicated in various neuronal functions, including synaptogenesis
and neurotransmitter release (Mauch et al., 2001 and Thiele et al., 2000). Indirectly it
has a general influence on cerebral biochemistry via conversion into bioactive steroids
such as neurosteroids and oxysterols. A noteworthy feature of brain cholesterol is that
the brain meets its cholesterol requirements entirely by local synthesis, as cholesterol
containing lipoproteins from the periphery are excluded from the brain by the blood-
brain barrier (Bjorkhem and Meaney, 2004).

Although the average rate of cholesterol synthesis in the adult brain is relatively low
there is a need to remove excess cholesterol from the brain (Bjorkhem et al., 1998). One
mechanism for this involves cholesterol carried in apolipoprotein E (APOE)-containing
lipoproteins which pass through the cerebrospinal fluid and eventually reach the
circulation where they presumably integrate into peripheral lipoprotein metabolism

( Pitas et al.,, 1987b). The second, more quantitatively important process is based on
conversion of cholesterol into the oxysterol 24S-hydroxycholesterol (24S-OHC). In
contrast to cholesterol, 24S-OHC can pass the blood-brain barrier and directly enter the
general circulation. As 24S-OHC is ultimately cleared by the liver, this system effectively
acts as a brain-initiated pathway of reverse cholesterol transport ( Lund et al., 1999).
The cytochrome P450 enzyme, cholesterol 24-hydroxylase (CYP46A1) mediates this
transformation and is therefore a key determinant of the rate of cholesterol removal
from the brain ( Lund et al., 2003). In humans, CYP46A1 is exclusively expressed in the
brain and under normal conditions the enzyme protein is detected only in neurons, in
particular in the pyramidal neurons and interneurons of the hippocampus ( Lund et al.,,
1999 and Ramirez et al., 2008).

Seizures are a co-morbidity in a variety of diseases associated with pathologic
cholesterol metabolism. Whether epilepsy, which is characterized by recurrent
spontaneous seizures, is also associated with alterations of cholesterol metabolism and
whether these are causally important for either seizure-induced neuronal death or the
pathogenesis of hippocampal sclerosis, the most common pathologic lesion in temporal
lobe epilepsy (Engel et al., 2011), is unknown. Previous studies reported an increase in
cholesterol and certain oxysterols in the hippocampus of rats following kainic acid (KA)-
induced seizures (Ong et al., 2003). We recently reported that brief seizures in mice
increase the expression of StAR-related lipid transfer domain containing 4 (Stard4),
which can bind cholesterol and is involved in intracellular cholesterol transport

( Hatazaki et al., 2007). A number of studies have also explored the effects of statins on
seizure-induced neuronal death ( He et al,, 2006, Lee et al.,, 2008 and Xie et al., 2011).
Statins competitively inhibit the rate-limiting enzyme in cholesterol synthesis, 3-
hydroxy-3-methylglutaryl coenzyme-A reductase (HMGCR), and are a commonly
prescribed as cholesterol-lowering agent. Atorvastatin has been reported to reduce
hippocampal neuronal death in rodent models of excitotoxicity in vivo ( Lee et al., 2008
and Piermartiri et al.,, 2009) and lovastatin treatment of rats reduced sterol levels and
increased neuronal survival after status epilepticus ( He et al., 2006).



The previous reports of a protective effect of statins in rat models of seizure-induced
damage prompted us to investigate if this was also the case in a model of status
epilepticus in mice in which seizures are focally-evoked by intra-amygdala
microinjection of KA ( Araki et al., 2002 and Mouri et al.,, 2008). The results of this led us
to characterize in detail the immediate and long-term effects on brain sterol
homeostasis after status epilepticus in this model.

2. Results

2.1. Intra-amygdala KA-induced status epilepticus results in unilateral hippocampal
pathology and spontaneous recurrent seizures

Focal-onset status epilepticus in mice was produced by intra-amygdala microinjection of
KA. All mice developed seizures within a few minutes after KA injection and displayed
typical behavioral changes including initial immobility, tail extension (Straub-tail) and
continuing to clonus, head bobbing and rearing and falling, and occasionally tonic-clonic
seizures with loss of posture and jumping. Cortical EEG recordings during seizures
detected high amplitude and high frequency discharges ( Fig. 1B). Animals were
administered lorazepam to curtail seizures and reduce morbidity and mortality 40 min
after KA. Examination of tissue sections from mice 24 h after status epilepticus revealed
neuronal cell death mainly in the CA3 region of the ipsilateral hippocampus ( Fig. 1C).
Neuronal death was not observed in the contralateral hippocampus ( Fig. 1C).

Consistent with previous reports (Mouri et al., 2008), intermittent video and EEG
monitoring of mice after status epilepticus detected the emergence of spontaneous (i.e.
epileptic) after KA injection ( Fig. 1D and E). In tissue sections from epileptic mice 14
day after status epilepticus, the hippocampus displayed neuronal loss within the
ipsilateral CA3 subfield ( Fig. 1F). The contralateral hippocampus appeared normal,
without any obvious changes in cell density ( Fig. 1F). To determine whether there was
any ongoing cell death in epileptic mice, sections from mice 14 days after status
epilepticus were stained for DNA fragmentation characteristic of seizure-induced
neuronal death using terminal deoxynucleotidyl dUTP nick end labeling (TUNEL) and
the neuronal marker (NeuN). No TUNEL-positive cells were detected in the CA3 region
of the ipsilateral hippocampus from mice 14 days after status epilepticus ( Fig. 1G).

2.2. Lovastatin treatment does not prevent hippocampal damage caused by intra-
amygdala KA-induced status epilepticus

Statins have been reported to have potent neuroprotective effects against seizure-
induced neuronal death in rats (Lee et al., 2008, Ohyama et al., 2006 and Rangel et al.,
2005). To test if lovastatin treatment has such an effect in the present model, mice were
treated for three consecutive days with lovastatin using a dose previously shown to
lower brain cholesterol in animal models (Lee et al., 2008). On the fourth day, mice
received lovastatin before and after being subjected to KA-induced status epilepticus,
and then received lovastatin again on the two subsequent days. Brains were collected 72
h after status epilepticus. Because previous studies have reported that statins can alter
seizure severity ( Lee et al., 2008), the EEG was recorded for 40 min after KA injection
until administration of the anticonvulsant lorazepam and quantified to define the
durations of injury-causing electrographic seizures.

Lovastatin treatment had no observable effect on the duration or severity of
electrographic seizures during status epilepticus induced by intra-amygdala KA ( Fig. 2A



and B). We next explored whether lovastatin treatment had any effects on seizure-
induced neuronal death. Analysis of tissue sections from the dorsal and ventral
hippocampus of mice subject to status epilepticus and given injections of vehicle
revealed typical ipsilateral CA3 subfield damage ( Fig. 2C and D). Seizure-induced
neuronal death was similar in mice treated daily with lovastatin before and after status
epilepticus in both dorsal and ventral hippocampus ( Fig. 2C and D).

2.3. Sterol level changes over time after status epilepticus in the ipsilateral hippocampus
Next we measured cholesterol level changes in the ipsilateral hippocampus after status
epilepticus. Our goal was to assess cholesterol homeostasis during the period of major
seizure-induced damage, the period prior to the emergence of spontaneous seizures, and
in mice with recurring epileptic seizures. Thus, hippocampus from mice was analyzed at
4 and 24 h after status epilepticus (which corresponds to the period of major
neurodegeneration-see Fig. 1C), at 48 h (which corresponds to the time immediately
prior to first spontaneous seizures, otherwise known as the latent period) and at 14th
day (when mice have daily spontaneous seizures ( Fig. 1D and E) ( Mouri et al., 2008)).
Time-matched groups of vehicle-injected non-seizure mice were included at each time
point.

Gas chromatographic-mass spectrometric measurements of ipsilateral hippocampal
samples determined that levels of the cholesterol precursors lathosterol and
desmosterol, the cholesterol metabolite 24-OHC, as well as cholesterol, were not
different from controls at 4 or 24 h after status epilepticus ( Fig. 3A-C and E). The
cholesterol metabolite 27-hydroxycholesterol (27-OHC) was lower at 4 h in seizure mice
( Fig. 3D).

In samples obtained during the pre-epileptic period after status epilepticus (48 h), levels
of 24-OHC and cholesterol were significantly lower in KA-treated mice compared to
controls ( Fig. 3C and E). Levels of lathosterol, desmosterol and 27-OHC were similar
between groups. In samples taken 336 h (14 days) after status epilepticus, when mice
experience daily epileptic seizures, levels of the cholesterol metabolites 24-OHC and 27-
OHC, and cholesterol were significantly lower than controls ( Fig. 3C-E), whereas levels
of lathosterol and desmosterol remained unchanged ( Fig. 3A and B).

2.4. Sterol level changes in the contralateral hippocampus after status epilepticus
Because the present model features a unilateral injury to the hippocampus, we next
asked whether changes occurred in the contralateral hippocampus, which is not a site of
neuron loss in the model (Fig. 1C and Mouri et al. (2008)). Remarkably, changes to sterol
levels were also observed in the contralateral hippocampus (Fig. 4). Four hours after
status epilepticus, all sterol levels were unchanged in the contralateral hippocampus

( Fig. 4A-E). At 24 h, levels of 24-OHC were significantly decreased in KA-treated mice

( Fig. 4C), and at 48 h levels of 24-OHC, 27-OHC and cholesterol were all lower in the
seizure animals ( Fig. 4C-E). Contralateral hippocampal levels of 24-OHC, 27-OHC and
cholesterol were all lower than control in epileptic mice ( Fig. 4C-E).

3. Discussion

Previous studies have suggested that the statin class of cholesterol synthesis inhibitors
are capable of protecting against hippocampal injury in models of seizure-induced
neuronal death (He et al.,, 2006, Lee et al., 2008, Piermartiri et al., 2009, Rangel et al.,



2005 and Xie et al,, 2011). Statin treatment has been shown to reduce cell death in the
hippocampus in mice with quinolinic acid-induced seizures and in rats with pilocarpine
and KA-induced seizures. Some of these studies provide evidence to suggest statins may
be neuroprotective by limiting glutamate-mediated neurotoxicity or by suppressing the
inflammatory response (Lee et al., 2008, Piermartiri et al., 2009 and Xie et al., 2011).
Others suggest that statins are neuroprotective via reduction in the rate of formation of
neurotoxic oxysterols in the brain, due to the blockade of cholesterol synthesis and
reduction of substrate supply (He et al., 2006). In the present study we treated mice
before and after status epilepticus triggered by intra-amygdala KA with lovastatin, a
prototypical statin ( He et al., 2006). In contrast to other reports ( He et al., 2006 and
Rangel et al., 2005), we observed no protective effects of lovastatin against seizure-
induced neuronal death. Thus, statins are not broadly protective against neuronal death
caused by prolonged seizures.

In previous studies, a protective effect of statins was matched by biochemical changes in
the rat brain and the present study also sought to determine if the absence of a
protective effect was recapitulated in brain sterol biochemistry. Changes in sterol levels
in the hippocampus were detected following status epilepticus induced by intra-
amygdala KA in mice. However, in contrast to expectations, observed changes were
invariably a decrease rather than an increase in sterols both in the immediate period
after status epilepticus, during the pre-epileptic phase, and in chronically epileptic mice.
In addition, our data also suggest that the hippocampus may respond bilaterally to focal
damage, at least with regard to sterol homeostasis-changes in sterol content were very
similar between the contra- and ipsi-lateral sides after status epilepticus in this model

( Fig. 3 and Fig. 4). Thus, the present study shows that the main changes in brain
cholesterol after status epilepticus occur bi-laterally and during the period of
epileptogenesis and chronic epilepsy, rather than as the immediate wake of KA-induced
seizure-damage.

The present findings, particularly given their bi-lateral nature, suggest sterol changes
are not a simple result of neuron loss or astrogliosis because both differ greatly between
ipsilateral and contralateral sides in the model (Mouri et al., 2008). Instead, our data
support the changes due to alterations in gene expression and/or lipoprotein secretion.
A reduction in the 24S-OHC level was a consistent and pronounced observation.
Cholesterol is removed from the brain by two known pathways: formation of 24S-
hydroxycholesterol and efflux across the blood-brain barrier and removal of lipoprotein
bound cholesterol via the cerebrospinal fluid (Bjorkhem et al., 1998 and Pitas et al,,
1987a). Under conditions of chronic neurodegeneration the capacity for the formation of
24S-0HC is expected to be compromised, due to a decrease in the number of neurons
while the flux through lipoprotein-dependent pathways would be expected to increase
(Papassotiropoulos et al., 2000). Damage from status epilepticus, coupled with
subsequent regular seizures, may recapitulate this situation in an acute time frame and
blunt the capacity of the hippocampus to engage either 24S-OHC and/or lipoprotein-
dependent mechanisms for mobilization of cholesterol. Another cholesterol oxidation
product, 27-OHC was also significantly reduced after status epilepticus. However,
normal levels of this oxysterol are relatively very low in the hippocampus in comparison
to 24S-OHC. We have previously shown that a substantial part of this cerebral 27-OHC
originates from outside the brain ( Heverin et al.,, 2005). While we have evidence to
suggest that it further metabolized to an acid which then fluxes out of the brain we do



not know the function of 27-OHC in the brain ( Meaney et al., 2007). In the present
model, the decreased levels suggest a reduced uptake from the circulation by the brain
or an increased metabolism in response to seizure-induced injury.

Our results contrast previous studies using rat models of KA-induced status epilepticus
where large increases in both cholesterol and oxysterol content of the injured
hippocampus were reported ( He et al.,, 2006 and Ong et al., 2003). In those studies, the
authors suggested that this was a consequence of increased cholesterol synthesis,
providing a rationale for the use of cholesterol synthesis inhibitors as therapeutic agents.
Subsequent studies from this group have reported that the expression of cholesterol
synthetic genes was decreased in this model ( Kim et al., 2010) suggesting that increased
synthesis is unlikely to be the cause of this large increase. These studies contrast with
our study in that cholesterol levels were unaffected until 48 h after status epilepticus
despite major cell death being detectable at 24 h. We found that cholesterol-related
levels of lathosterol and desmosterol, which are established biochemical markers of the
rate of cholesterol synthesis ( Bjorkhem et al., 1987 and Kempen et al., 1988), were not
changed in the KA treated animals which suggests that cholesterol synthesis is not
decreased in our model. The use of different species and techniques for triggering status
epilepticus preclude direct comparisons and in our study each time point had matched
controls treated with vehicle along with distinct pathophysiology between ipsilateral
and contralateral hippocampi.

An unexpected finding was that changes were as pronounced in the undamaged,
contralateral hippocampus as they were in the damaged ipsilateral hippocampus. Again,
changes followed the major period of cell death, occurring during the pre-epileptic
period and in the chronic epileptic mice. Contralateral hippocampal pathology has been
reported in other mouse models of KA-induced status epilepticus ( Arabadzisz et al.,
2005 and Pernot et al., 2011) but is more surprising in the present model because of the
lack of neuronal death or astrogliosis (present study and Mouri et al. (2008)).
Inflammatory changes such as microgliosis and astrogliosis do occur in the contralateral
hippocampus in the initial phase of epileptogenesis ( Pernot et al., 2011) and in another
model, neurochemical changes such as increased neuropeptide-Y were evident later in
the latent and chronic phases in the contralateral hippocampus ( Arabadzisz et al., 2005).
We do not know the mechanism underlying the observed bilateral changes in
hippocampal sterols. It has been reported that damage to the nervous system results in
the upregulation of apolipoproteins D and E (ApoD and ApoE, respectively) which are
believed to be involved in the recycling of sterols liberated as a consequence of cellular
degeneration. Indeed, both ApoE and ApoD have been reported to undergo time-
dependent changes following various forms of hippocampal injury, including
excitotoxicity ( Montpied et al., 1999). It is thus possible that the observed changes
remote to the injection site are a consequence of altered lipoprotein content in the brain
extracellular fluid and/or altered sterol transport proteins. A direct effect of
spontaneous seizures is also possible.

In summary, the present study characterizes the hippocampal sterol response to focal-
onset status epilepticus in a mouse model of unilateral hippocampal injury and
recurrent spontaneous seizures. We report bi-lateral sterol changes, despite the seizure
injury to the brain being unilateral, and find this occurs during the pre-epileptic period
and in chronic epilepsy rather than during the period of major neuronal death. We also



report lovastatin does not protect against seizure-induced neuronal death. Thus,
changes to brain cholesterol balance are a feature of the epileptogenic and chronic
recurrent seizure phase of epilepsy rather than being associated with the acute damage
in the wake of the initial epilepsy-precipitating injury in this model.

4. Experimental procedures

4.1. Seizure model

Animal experiments were carried out in accordance with the principals of the European
Communities Council Directive (86/609/EEC) and were reviewed and approved by the
Research Ethics Committee of the Royal College of Surgeons in Ireland, under license
from the Department of Health, Dublin, Ireland. Procedures were undertaken as
previously described (Engel et al., 2010a and Mouri et al., 2008). Briefly, adult male
C57BL/6 mice (Harlan, UK) weighing 20-25 g (n=96) were anesthetized using
isoflurane (3-5%) and maintained normothermic by means of a feedback-controlled
heat blanket (Harvard Apparatus Ltd., Kent, England). Mice were then placed in a
stereotaxic frame and three partial craniectomies performed to affix cortical skull-
mounted EEG electrodes (Bilaney Consultants Ltd., Sevenoaks, UK). EEG was recorded
using a Grass Comet XL digital EEG (Medivent Ltd., Lucan, Ireland). A guide cannula was
affixed (coordinates from Bregma: AP=-0.94; L=-2.85 mm) and the entire skull
assembly fixed in place with dental cement. Anesthesia was discontinued and then mice
were placed into a clear Perspex recording chamber which allowed free movement.
After baseline EEG recordings, an injection cannula was lowered through the guide
cannula for injection of KA (Ocean Produce International, Nova Scotia, Canada) into the
basolateral amygdala nucleus (0.3 pg in 0.2 pl phosphate-buffered saline, PBS). Non-
seizure control mice received 0.2 pl intra-amygdala vehicle (PBS) but were otherwise
treated the same. 40 min following injection of KA or vehicle, mice received
intraperitoneal lorazepam (6 mg/kg) to curtail seizures and reduce morbidity and
mortality. Mice were euthanized after lorazepam at 4 h or 24 h (acute), 2 days
(epileptogenesis period) and 14 days (epileptic) and perfused with saline to remove
intravascular blood components. Brains were either flash-frozen whole in 2-
methylbutane at -30 °C and processed for histopathology or rapidly dissected on ice to
obtain the hippocampus which was then stored at —70 °C until further use.

4.2. Spontaneous seizure recording

Long-term EEG recording to define the emergence of epilepsy was performed using
implantable EEG telemetry units (Data Sciences International (DSI), St. Paul, MN, USA),
as described previously (Engel et al., 2010a, Engel et al., 2010b and Engel et al., 2011).
Mice underwent the same initial surgical procedure for affixing the injection cannula but
were equipped with EEG transmitters (F20-EET, DSI) to record bilateral EEG from skull
overlying the dorsal ipsilateral and contralateral hippocampi. EEG data were acquired
using the Dataquest A.R.T. system (DSI). Following surgery, mice received intra-
amygdala KA, and then telemetry units were activated. Epileptic seizures were defined
as high-frequency (>5 Hz) high-amplitude (>2x baseline) polyspike discharges of 25 s
duration (Jimenez-Mateos et al., 2008 and Mouri et al., 2008). Mice used for sterol
measurements were not implanted with EEG telemetry units.

4.3. Statin treatment
Mice were pretreated with either lovastatin (4 mg/kg, intra-peritoneal injection) or
vehicle (20% ethanol diluted in saline) for 3 days. On day 4, mice underwent status



epilepticus. Mice received the statin injections on day 4 both 1 h before and 1 h after KA
injection. The lovastatin solution was prepared by dissolving pure lovastatin
(Calbiochem, Merck) in 20% ethanol and diluted to the final concentration with saline
(pH 7.4). Fresh solutions were prepared daily. The mice continued daily injections of
either statin or vehicle for a subsequent 3 day (i.e. total statin treatment 7 days). After
euthanasia, the brains were removed and processed for histopathology. Digitized EEG
recordings were analyzed offline using manual assessment as described before ( Engel
et al.,, 2010b). The occurrence of high amplitude high-frequency discharges (HAHFDs; >5
Hz, >2x baseline discharges of 25 s duration) is synonymous with injury-causing
electrographic seizures in the model. The duration of HAHFDs was determined by a
reviewer in a blinded procedure.

4.4. Histopathology

For histopathology, brains were sectioned at —=20 °C on a Leica cryostat and 12 um
sections collected at the level of dorsal and ventral hippocampus (-1.8 mm and -2.9 mm
from Bregma (Paxinos and Franklin, 2001)). Neurodegeneration was assessed using
Fluoro-Jade B (F]B), as previously described (Engel et al., 2010a). Briefly, sections were
air-dried and post-fixed in formalin followed by hydrating through graded alcohols.
Sections were then rinsed in distilled water and transferred to 0.006% potassium
permanganate solution for 15 min. Sections were rinsed again and transferred to a
0.001% FJB solution according to manufacturer's recommendations (Chemicon Europe
Ltd., Chandlers Ford, UK). After staining, sections were rinsed again, dried, cleared and
mounted in DPX (Sigma-Aldrich). Hippocampal F]B positive counts were the average of
two adjacent sections for the CA3 subfield under 40x lens magnification by an observer
blinded to treatment conditions. For haematoxylin staining, sections were dehydrated
through alcohols, cleared, rehydrated and then stained with hematoxylin (Sigma-
Aldrich). After staining, sections were rinsed again, dried, cleared and mounted in DPX.
For NeuN immunohistochemistry, sections were fixed and permeabilized, blocked in
goat serum and incubated overnight with anti-NeuN antibodies (Millipore) followed by
incubation with goat anti-rabbit IgG antibodies coupled to AlexaFluor 568 (BioSciences
Limited, Dun Laoghaire, Ireland). Analysis of DNA damage was performed using a
fluorescein-based TUNEL technique, according to manufacturer's instructions (Promega,
Madison, WI, USA) (Engel et al., 2010a). Sections were mounted in medium containing 4,
6 diamidino-2-phenylindole (DAPI) (Vector Laboratories Ltd., Peterborough, UK) to
visualize nuclei. Sections were examined using a Nikon 2000s epifluorescence
microscope under Ex/Em wavelengths of 472/520 nm (green) and 540 to 580/600 to
660 nm (red) and images captured using a Hamamatsu Orca 285 camera.

4.5. Sterol analysis

For sterol analysis, the ipsilateral (site of major hippocampal pathology) and
contralateral (non-lesioned side) hippocampus were dissected and stored at —=70 °C until
they were processed. Hippocampi were weighed and homogenized in 1 ml tris-buffered
saline on ice. The homogenate was then added to 5 ml Folch solution
(chloroform:methanol 2:1) and 1 ml saline with 1 mM EDTA and butylated hydroxyl
toluene. The mixture was vortexed before centrifugation at 500 g for 5 min. The lower
organic layer was collected in a new glass tube. The aqueous layer was re-extracted with
5 ml chloroform and after centrifugation it was pooled with the organic phase collected
from the first extraction. The lipid extracts were dried under a stream of argon and
reconstituted in 6 ml of folch and stored at —20 °C. All the sterols were assayed by gas



chromatography-mass spectrometry run in selective ion monitoring mode using
deuterium labeled sterols as internal standards. To measure the total cholesterol
concentration (esterified and unesterifed) lipid extract equivalent to 150 pg of tissue
was used in addition to 2000 ng of D6 labeled cholesterol. Sample processing included
an alkaline hydrolysis step using potassium hydroxide, solid phase extraction using C18
columns and derivatisation with tetramethylsilane (TMS) (Bjorkhem et al., 1974). To
measure the cholesterol precursors, lathosterol and desmosterol 2.5 mg tissue was used
along with 100 ng d4 lathosterol (and 100 ng d6 sitosterol) (Acimovic et al., 2009).
Alkaline hydrolysis was with sodium hydroxide followed by extraction with cyclohexane
and derivatisation. To measure 24S- and 27-hydroxycholesterol, 2.5 mg of tissue extract
was used with 100 ng d3 24 hydroxycholesterol and 25 ng d5 27 hydroxycholesterol
(Dzeletovic et al., 1995). Sample processing included an alkaline hydrolysis step using
potassium hydroxide, followed by solid phase extraction using silica columns and
derivatisation with TMS. The m/z of the following ions were monitored:
cholesterol,458.4; [2H6]-cholesterol,464.4; lathosterol,458.4; desmosterol,343.3; [2H4]-
lathosterol,462.4; [2H6]-sitosterol,402.4; 24-hydroxycholesterol,413.4; [2H3]-24
hydroxycholesterol,416.4; 27-hydroxycholesterol,456.4 and [2H5]-27
hydroxycholesterol,461.4.

4.6. Statistical analysis

Data are presented as mean+SEM. For the sterol analysis, data was analyzed by ANOVA
using GraphPad Instat followed by a Kruskal-Wallis post hoc test, comparing each KA
group to its time-matched control. For histopathology and EEG analysis the Student's t-
test was used. P<0.05 was considered statistically significant.
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Figure Legends

Fig. 1. Hippocampal neuropathology following intra-amygdala KA-induced status
epilepticus in mice. (A) Photomicrograph of hippocampus stained with the neuronal
marker NeuN showing main subfields. (B) Representative EEG recording showing high
amplitude and high frequency spiking following KA-triggered seizures. (C)
Representative photomicrograph of Fluoro-Jade B (FJB) stained hippocampus 24 h after
KA-induced seizures. Note, F]B positive cells are mainly located in the CA3 subfield of
the ipsilateral hippocampus (see arrow heads), whereas other subfields and
contralateral hippocampus are spared. (D) Video still sequence of a spontaneous seizure
that occurred 14 days after KA injection. (E) Representative EEG recording of a
spontaneous seizure 14 days after KA injection. (F) Representative haematoxylin-
stained hippocampus of a mouse 14 days after KA injection. Arrows indicate the primary
region of neuron loss. (G) Representative NeuN/TUNEL double immunostaining in mice
14 days after KA. Note the lack of TUNEL-positive cells in CA3 region suggesting the end
of active neurodegeneration. Scale bars: 500 pm A, C and F and 25 pm in G. (CA1 and
CA3=Cornu ammonis 1 and 3; DG=dentate gyrus).

Fig. 2. Lovastatin does not prevent seizure-induced neuronal death in mice. (A) Graph
showing total seizure time in lovastatin-treated mice compared to vehicle-injected
seizure animals. (B) Representative EEG traces from vehicle- and lovastatin-treated
mice during status epilepticus induced by intra-amygdala KA. (C) Graph showing FJB cell
counts and (right) representative photomicrograph of FJB-stained dorsal hippocampal
sections 72 h after status epilepticus. (D) Graph showing F]B cell counts and (right)
representative photomicrograph of F]B-stained ventral hippocampal sections 72 h after
status epilepticus (n=13 per group). Scale bar: 20 pm.

Fig. 3. Sterol level changes in ipsilateral hippocampus after status epilepticus. Graphs
show ipsilateral hippocampal levels of lathosterol (A), desmosterol (B), 24S
hydroxycholesterol (C), 27 hydroxycholesterol (D) and cholesterol (E) at different time
points after status epilepticus compared to non-seizure vehicle animals (n=12 per group
at each time point). Absolute sterol concentrations per mg of wet tissue in control mice
at4 h: 28 ng (A), 110 ng (B), 46 ng (C), 0.2 ng (D) and 15 pg (E); «P<0.05; »«P<0.01;

%% %P<0.001.

Fig. 4. Sterol level changes in contralateral hippocampus after status epilepticus. Graphs
show contralateral hippocampal levels of lathosterol (A), desmosterol (B), 24S
hydroxycholesterol (C), 27 hydroxycholesterol (D), and cholesterol (E) at different time
points after status epilepticus compared to non-seizure vehicle animals (n=12 per group
at each time-point). Absolute sterol concentrations per mg of wet tissue in control mice
at4 h: 30 ng (A), 120 ng (B), 45 ng (C), 0.13 ng (D) and 15 ug (E), *P<0.05; «+«P<0.01;

%% %P<0.001.
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