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Abstract

Background: Absence seizures (petit mal seizures) are characterized by a brief loss of consciousness without loss of
postural tone. The disease is diagnosed by an electroencephalogram (EEG) showing spike—wave discharges (SWD) caused
by hypersynchronous thalamocortical (TC) oscillations. There has been an explosion of research highlighting the role of
astrocytes in supporting and modulating neuronal activity. Despite established in vitro evidence, astrocytes’ influence on the
TC network remains to be elucidated in vivo in the absence epilepsy (AE).

Purpose: In this study, we investigated the role of astrocytes in the generation and modulation of SWDs. We hypothesize
that disturbances in astrocytes’ function may affect the pathomechanism of AE.

Methods: To direct the expression of channelrhodopsin-2 (ChR2) rAAV8-GFAP-ChR2(HI34R)-EYFP or to control
the effect of surgical intervention, AAV-CaMKIla-EYFP was injected into the ventrobasal nucleus (VB) of the thalamus of
18 animals. After four weeks following the injection, rats were stimulated using blue light (~473 nm) and, simultaneously, the
electrophysiological activity of the frontal cortical neurons was recorded for three consecutive days. The animals were then
perfused, and the brain tissue was analyzed by confocal microscopy.

Results: A significant increase in the duration of SWD without affecting the number of SWD in genetic absence epileptic
rats from Strasbourg (GAERS) compared to control injections was observed. The duration of the SWD was increased from
12.50 £ 4.4 s to 17.44 * 6.07 following optogenetic stimulation in GAERS. The excitation of the astrocytes in Wistar Albino
Glaxo Rijswijk (WAG-Rij) did not change the duration of SWD; however, stimulation resulted in a significant increase in
the number of SWD from 18.52 £ 11.46 bursts/30 min to 30.17 + 18.43 bursts/30 min. Whereas in control injection, the
duration and the number of SWDs were similar at pre- and poststimulus. Both the background and poststimulus average
firing rates of the SWD in WAG-Rij were significantly higher than the firing recorded in GAERS.

Conclusion: These findings suggest that VB astrocytes play a role in modulating the SWD generation in both rat models
with distinct mechanisms and can present an essential target for the possible therapeutic approach for AE.
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and interact with neighboring neurons,!? and this organization
might play a functional role in processing somatosensory
information'"-'> and modulation of TC network activities.'?
Furthermore, the thalamic glial cells’ response to synaptic
afferents differs from that of TC neurons. Therefore, these
cells are likely to form a distinct cellular and synaptic
integration level within the VB thalamus.'3

Absence epilepsy (AE) is a neurological disease
characterized by concomitant periodic generalized spike-and-
wave discharges (SWD; 3-5 Hz in humans, 5-9 Hz in
animals) in the -electroencephalogram (EEG) with an
alteration of consciousness and behavioral arrest.'* Several
researchershavereporteddysfunctional corticothalamocortical
circuitry in AE'>-1? with the notion that for the occurrence of
SWD, both properly functioning and structurally normal
thalamus and cortex are essential.?>-22 Absence seizures result
from an imbalance in glutamate and gamma-aminobutyric
acid (GABA) neurotransmission.?> Several studies have
postulated that astrocytes contribute to the pathogenesis of
AE.2426 Specifically, the calcium-dependent release of
glutamate from astrocytes has attracted particular interest.?’-2
It may exaggerate epileptic activity by an excitatory feedback
loop or trigger epileptic activity through NMDA
receptors.?339-32 Whether the epileptiform activity is a direct
cause of astrocytic glutamate release has been a matter of
debate,?>30 and the exact signaling pathway is yet to be
discovered.

Wistar Albino Glaxo rats from Rijswijk (WAG-Rij) and
Genetic Absence Epileptic Rats from Strasbourg (GAERS)
are two well-validated genetic rat models with typical AE.
These models represent most of the genetic and behavioral
disturbances observed in human patients with typical AE.33:34
The role of astrocytes in the VB nucleus of the thalamus in
the AE has not yet been acknowledged. The major aim of our
study is to investigate the role of the direct activation of
thalamic astrocytes in the AE animal models and compare the
two most used animal models of AE. To understand this, we
stimulated the astrocytes in the VB thalamus by using
optogenetics,simultaneouslyrecordedtheelectrophysiological
activity of frontal cortical neurons, and compared the results
between GAERS and WAG-Rjj rats.

Methods
Animals

In the present study, a total of 18 male animals (aged three to
six months) were used—nine from each strain (GAERS and
WAG-Rij).!5:16 Rats were randomly and individually assigned
to control and experiment groups. Four animals from each
strain were used for GFAP-AAV optogenetic manipulation.
To avoid the confounding effects, such as differences arising
from day-to-day variation and hour-to-hour variation,
optogenetic experiments were repeated on three different
days and at different hours.?> Before starting the optogenetic
manipulation, one animal from each strain was used for

confirming the viral expression. For photostimulation of
astrocytes, the rats received a unilateral infusion of the virus,
containing the GFAP promoter in ChR2: AAV8-GFAP-
ChR2(H134R)-EYFP (provided by Dr Karl Deisseroth; UNC
Vector Core, NC, USA) into the VB of the thalamus. Control
rats received the AAV5-CaMKIIa-EYFP virus (UNC Vector
Core), which expresses the receptor without ChR2. The
animals were kept at the Ko¢ University vivarium and were
housed individually on a 12-h light/dark cycle with food and
water ad libitum in an environment at 23 + 1°C. The rats were
acclimatized to the laboratory for seven days prior to the start
of the procedure.

Surgery

Rats weighing 250 g to 400 g were anesthetized initially with
5% isoflurane (vol/vol) and maintained between 2 to 3%
throughout the surgery (Harvard Apparatus, USA). The head
of the animal was placed in a stereotaxic frame (Stoelting,
Model 51600, Wood Dale, IL, USA). Bregma was taken as
the reference point, and coordinates for the ventrobasal
thalamus were calculated according to the Rat Brain Atlas of
Paxinos and Watson3¢ (AP: —3.6 mm, for ML: —3 mm, and for
DV: —6.4 mm). The scalp was sutured, and the rats received a
subcutaneous injection of 5 g/g Carprofen (Pfizer) for
prolonged pain relief. A Hamilton syringe (26 ga) was
lowered into the VB thalamus, and 0.5 pL of virus (3 x 102
virus molecules/mL) was injected at a flow rate of 0.1 uL/
min. Afterward, high-impedance bipolar multiunit electrodes
(Plastics1, MS333/1-A/SPC) were placed onto the surface of
the cortex in frontal (AP: +2 mm, ML: —3.5 mm) and parietal
(AP: -6 mm, ML: -4 mm) areas for recording the electrical
activity, along with the cerebellum for grounding (AP: —11
mm, ML: —2.5 mm). Electrodes were connected by insulated
wires to a microconnector for the EEG recordings. Following
the electrode placement, unjacketed optical fiber (250 pm
core diameter, NA: 0.66; Prizmatix; glued with epoxy to a
ferrule, 290 pm, NA: 0.66; Prizmatix) was engrafted into VB
by a stereotaxic cannula holder, 0.2 mm dorsal to the virus
injection site. Three stainless steel screws were then anchored
to the skull, and optic fiber implants and electrodes were
fixed with acrylic cement to stabilize the installation. The
animal was removed from the stereotaxic apparatus and put
in the vivarium room.

In Vivo Electrophysiology

The EEG was continuously recorded via a four-channel
electrophysiology system (Biopac MP36, CA, USA). The
recording was performed with a sampling rate of 500 Hz and
a 0.5 Hz to 100 Hz online bandpass filter. Each session started
with a 1-h baseline recording (the first 30 min for habituation
and the second 30 min for background EEG activity),
followed by the optogenetic stimulation protocol. The
poststimulation changes were recorded for half an hour.
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Optogenetic Stimulation

Optogenetic stimulations started after four weeks of virus
injection to allow sufficient viral expression.’” Optical fiber
and ferrule were constructed using a do-it-yourself (DIY) kit
(Prizmatix 2.5 mm/200 pum). The light stimulation was
controlled by a digital TTL pulser and delivered by an LED
light source (Prizmatix, Dual LED, Holon, Israel) with a light
intensity of 9.68 mW (Starter Kit 2). The rats were stimulated
with 473-nm blue light in a plexiglass cage. The stimuli were
delivered in 200 multiple square pulses (each pulse’s duration
was 50 ms) at 10 Hz¢ to the VB thalamus.

Histology

After EEG recordings, all rats were injected with a high dose
of ketamine (200 mg/kg) and xylazine (30 mg/kg) and
transcardially perfused with phosphate-buffered saline and
4% paraformaldehyde. After careful removal from the skull,
the brains were postfixed overnight in the same perfusion
solution. The tissue was cryoprotected (0.1 M phosphate-
buffered saline with 30% sucrose) the following day for at
least two days at 4°C until use; 20-um coronal sections were
cutusing a cryostat (Leica CM 1950, Leica Biosys., Germany)
for immunohistochemistry. The astrocyte-specific glial
fibrillary acidic protein (GFAP) and neuronal nuclear protein
(NeuN) staining procedures were performed to confirm the
virus expression. Sections were washed four times in 0.1 M
PBS for 5 min each and then incubated in a blocking solution
comprising 1% BSA in 0.1% Triton-X/DPBS for | h at room
temperature with gentle shaking. Sections were then incubated
with primary antibodies diluted in “blocking solution” at 4°C.
The following primary antibodies were used: anti-GFAP
(1:100; Abcam Cat# ab7260) and anti-NeuN (1:100; Abcam
Cat# ab177487) overnight at 4°C. The following day, sections
were washed three times for 5 min with 0.1% Triton-X/DPBS
and incubated for 1 h at room temperature with secondary
antibody (Alexa 594; 1:100 for both). Finally, sections were
washed, and nuclei were stained with 4°, 6’-diamidino-2-
phenylindole (DAPI; 0.5 pg/mL in PBS) in an antifade
mounting medium (Invitro, CA, USA) and then mounted on
poly-lysine-coated glass. Stained sections were viewed using
a confocal microscope (LEICA DMI8 SP8), and the images
were analyzed using Las-X software. For immunostaining,
based on the visual inspections, brain sections with needle
tracks were chosen to study the glial activation after viral
injection. Similarly, brain sections without needle tracks were
selected for immunostaining to study the transgene’s
colocalization with other markers. The corresponding
immunofluorescence imaging can be seen in Figure 1.

Data Analysis

For each session, after a continuous 30-min baseline period,
the effect of optogenetic stimulation was analyzed by the
cumulative duration of SWD expressed as a percentage of the

Figure 1. Selective expression of ChR2 in (A) astrocytes and (B)
not in neurons.

total period of electrical activity recorded. Using Spike2
software (Cambridge Electronic Devices Ltd, Cambridge,
UK), the peaks of each SWD were identified and expressed
as instantaneous firing frequency. After extraction of spikes,
their occurrence in terms of duration and total number were
analyzed and compared between pre- (background) and post-
(optogenetic) stimulation period.

For statistical analysis, the distribution of the data was tested
using the Shapiro—Wilk test. Then, parametric paired #-test and
nonparametric Mann—Whitney U test were used. The level of
significance was selected as P < .05. All statistical analyses
were performed using GraphPad Prism 8.3 (San Diego, USA).

Results
The Viral Reporters Were Specifically Expressed
in VB Thalamus

To identify the GFAP-promoter-driven ChR2-expressing
cells, we performed immunohistochemistry with GFAP
antibody and high-magnification confocal imaging. The
expression of the ChR2 virus was checked (Figure 1) and
selective expression of GFAP was observed in astrocytes
(Figure 1A), but not in neurons (Figure 1B).

Optogenetic Stimulation of Astrocytes Increased
the Cumulative Duration of SWDs in GAERS and
the Number of SWDs in WAG-Rjj

The optimized (50 ms, 200 times at 10 Hz) stimulation
parameters were experimentally determined with the
consideration of previous related works.37-3? This illumination
mode led to a change in seizure dynamic in increased epileptic
activity in both GAERS and WAG-Rjj rats. The cumulative
line-length for cortical channels was used as a measure of the
amplitude and frequency of each seizure to quantify the
seizure dynamics.*0

After the successful stereotaxic ChR2 injections in
GAERS (Figure 2A), we observed the simultaneous SWD
changes during optogenetic activation. The properties of the
SWD and the cortical response to the VB thalamus
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optogenetic stimulation were investigated in GAERS. The
individual SWD was found to be long in duration and
continuous (Figure 2B) regardless of the optogenetic
stimulation. A representation of optogenetic stimulation
pulses can be seen in Figure 2C. On the other hand, we found
a significantly increased cumulative duration of the SWD
period in ChR2-injected GAERS compared to their
prestimulus background level (12.50 + 4.41 s vs. 17.44 +
6.07 s (mean + SD); P = .0043; Figure 2D). Furthermore,
optogenetic stimulation did not produce any changes in the
average SWD duration in control-virus-injected GAERS
(18.62 + 4.94 s vs. 20.17 £+ 4.67 s; P = .39; Figure 2D).
Moreover, the number of SWD bouts in ChR2-injected
(28 £ 12 vs. 24 £ 9; P = .13) and control (21 + 9 vs. 22 + §;
P = .92) GAERS was not significantly affected by the
stimulation compared to their background level (Figure 2E).

The effect of optogenetic stimulation of the VB thalamus
on SWD characteristics was also investigated in WAG-Rjj
rats with correct injections (Figure 3A). The shapes of SWD
in WAG-Rij were more variable within each burst than in
GAERS (Figure 3B). A representation of optogenetic
stimulation pulses can be seen in Figure 3C. Optogenetic
stimulation did not change the duration of the SWD in both

Figure 2. Injection and recording of GAERS animals. (A) Virus
injection sites of the VB thalamus. (B) A sample recording of a burst
of SWD. (C) Representation of the optogenetic stimulation pulses
on the upper part. The lower part shows a sample figure depicting
the electrophysiological recording. (D) The average duration of
SWD before and after optogenetic stimulation in ChR2 (left) and
control (right) virus injected GAERS. (E) The average number of
SWD before and after optogenetic stimulation in ChR2 (left) and
control (right) virus injected GAERS. **P < .01, Error bars are
standard deviation. The background and poststimulus region were
30 min long. Scale bars of the images are 400 um for upper left,
200 pum for upper right and below left, and 100 ym for lower right.

control (3.81 + 1.37 s vs. 3.46 + 1.21 s; P = .45) and ChR2-
injected (3.59 + 1.94 s vs. 3.47 + 2.07 s; P = .62) WAG-Rjj
(Figure 3D), in contrast to GAERS. However, VB thalamus
stimulation significantly increased the number of SWD bouts
in ChR2-injected WAG-Rij compared to background (18.52 +
11.46 bursts/30 min vs. 30.17 = 18.43 bursts/30 min; P =
.0015; Figure 3E), but not in the control-virus-injected ones
(16.17 £ 10.77 bursts/30 min vs. 13.67 £ 7.86 bursts/30 min;
P = .28; Figure 3E).

WAG-Rij had Higher Discharge Rate of SWD
than GAERS

The firing rate of the spike components was calculated and
examined (Figure 4). After detecting the instantaneous firing
rate of randomly selected three bouts of SWD from each
animal, we compared the firing rates of the SWD before and
after the optogenetic stimulation. There was no difference in
the firing rate of SWD in GAERS (background: 6.77 + 0.42
Hz vs. poststimulus: 6.80 + 0.43 Hz; P =.821; Figure 4A) and
in WAG-Rij rats (background: 7.80+ 0.60 Hz vs. poststimulus:
790 + 0.72 Hz; P = .66; Figure 4B) before and after
stimulation. However, both background (P < .0001) and
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Figure 3. Injection and recording of WAG-Rij animals. (A) Virus
injection sites of the VB thalamus. (B) A sample recording of a
burst of SWD. (C) Representation of the optogenetic stimulation
pulses on the upper part. The lower part shows a sample figure
depicting the instantaneous firing rate of the SWD (red dots in
the upper trace) and electrophysiological recording (lower trace).
(D) The average duration of SWD before and after optogenetic
stimulation in ChR2 (left) and control (right) virus injected WAG-
Rij. (E) The average number of SWD before and after optogenetic
stimulation in ChR2 (left) and control (right) virus injected WAG-
Rij. **P < .0l, Error bars are standard deviation. The background
and poststimulus region were 30 min. Scale bars of the images are
300 pm for upper left, 400 pm for upper right and below left, and
200 pm for the lower right.
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poststimulus (P < .0001) average firing rates of the SWD in
WAG-Rij rats were significantly higher than the discharge
rate recorded in GAERS (Figure 4C and D).
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Figure 4. The difference between background and poststimulus
SWD discharge rates in (A) GAERS and (B) WAG-Rij rats. The
comparison of the (C) background and (D) poststimulus firing rates
of SWD between GAERS and WAG-Rij. ***P < .0001. Error bars
are standard deviation.
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Figure 5. Histograms (5 s of bin width) showing the distribution
of SWD duration at (A) background and (B) poststimulus region
in GAERS. Histograms (| s bin width) showing the distribution of
SWD duration in WAG-Rij at (C) background and (D) poststimulus
region.

SWD Duration Distribution Was Similar in
Both Rat Models Before and After Optogenetic
Stimulation

In ChR2-injected GAERS, the majority of the SWD durations
in background and poststimulus were ranged from 5 to 20 s.
There were occasional long SWDs recorded at both
background and poststimulus that lasted over a minute (Figure
5A and B). The SWD in ChR2-injected WAG-Rij had also a
similar duration in the background and poststimulus phases.
The majority of SWD ranged between 1 s and 3 s in the
background, whereas it was between 1 s and 4 s in the
poststimulus phases (Figure 5C and D).

Discussion

In this study, the optogenetic excitation of the astrocytes of
the VB thalamus showed a significant increase in the
duration of SWD in GAERS. The SWD in WAG-Rjj did not
have significant changes in duration but did show an
increase in the number of SWD. These results show that the
optogenetically activated astrocytes in the VB thalamus
affect the SWD activity of cortical neurons in the AE with
different outcomes in the two mostly used animal models of
this disease.

Recent studies suggest that in the pathogenesis of AE,
glial cells can change homeostatic network functions that
temporally precede alterations in neurons and thus seem to
be causative for this disorder.*'# An increase in the
expression of GFAP in the cortex and thalamus of GAERS
was reported,** which in turn may modify astrocytic
functions® and interfere with the process giving rise to
seizures.* In accordance with the above-mentioned findings,
our previous study demonstrated a significant increase in
GFAP-positive astrocyte populations and GFAP protein
expression in the VB thalamus of GAERS and WAG-Rjj
compared to control rats.*®

There is mounting evidence suggesting that astrocytes
modulate neuronal excitability through the release of
gliotransmitters. Calcium-dependent glutamate release from
astrocytes has attracted particular attention in the context of
epilepsy.2”#4748  Ca?*-dependent glutamate release may
exaggerate epileptic activity by an excitatory feedback loop
or even trigger epileptic activity through NMDA
receptors.?339-32 Whether the epileptiform activity is a direct
cause of astrocytic glutamate release is still unclear,?30 and
the exact signaling mechanism remains to be determined. In
the developing thalamus, astrocytes display spontaneous
calcium oscillations that are not dependent on previous
neuronal activity and are correlated with NMDA-receptor-
mediated currents recorded in neighboring neurons.” The
stimulation of astrocytic calcium increases also leads to
inward currents in neighboring neurons,’ indicating that
activity arising in astrocytes can induce activity in neurons.
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Astrocytes also showed coordinated increases in Ca?*, and
calcium waves were seen to propagate between astrocytes in
the VB thalamus.!?

Previously, cell culture studies on the propagation of
astrocytic calcium waves showed that the transmission occurs
via gap junctions*>* or chemically with ATP and
glutamate.’%3! Parpura et al.’? used flash photolysis in
astrocyte—neuron cocultures to increase astrocytic calcium
levels and revealed that raising astrocytic calcium within
physiological levels leads to the release of glutamate and
concurrent neuronal inward currents. In our current study, the
optogenetic manipulation of thalamic astrocytes changed the
cortical neuronal response seen in SWD in GAERS and
WAG-Rij. Regarding GAERS, optogenetic stimulation
caused a significant increase in the cumulative duration of
SWDs in the 30-min poststimulation period. In WAG-Rij, it
was shown that the number of SWD in the poststimulation
period was significantly increased. These results indicate that
astrocytes can cause different SWD expressions in GAERS
and WAG-Rij.

The exact mechanisms of the astrocyte—neuron interaction
remain unidentified; however, studies are showing the possible
candidates.?’285354 The existence of the vesicle-associated
SNARE protein synaptobrevin in astrocytes was earlier
described,” and Araque et al.3 showed that the selective
cleavage of synaptobrevin by botulinum B neurotoxin was
able to block the astrocytic-glutamate-induced inward currents
in neurons. The study reveals that calcium-dependent
glutamate release from astrocytes is a SNARE protein-
dependent event and suggests that glutamate in astrocytes is
stored in vesicles and released via the exocytotic pathway.
Further studies should be performed on the exact mechanisms
of astrocyte—neuron interactions in terms of possible
mechanistic explanations, as exemplified above.

The increasing number of studies showed that the
manipulation of astrocytes via optogenetic is a novel method
to activate astrocytes.”837395¢  Modulatory effects of
astrocytes in response to optogenetic activation were shown
by Perea et al.?® They showed that astrocytes regulate the
response selectivity of the visual cortex neurons. Moreover,
light stimulation of ChR2-expressing astrocytes in the visual
cortex increased the frequency of spontancous excitatory
and inhibitory postsynaptic currents in adjacent neurons in
an mGluR 1-dependent manner, suggesting that glutamate is
the responsible gliotransmitter in response to optogenetic
stimulation. Also, neuronal membrane potentials did not
show shifts synchronized with astrocyte photostimulation,
indicating no direct action of photostimulation of astrocytes
on neurons.

Furthermore, glutamate release from astrocytes after
ChR2 stimulation was directly shown in cerebellar astrocytes.®
Optogenetic activation of cerebellar astrocytes results in
AMPA receptor activation on Purkinje cells and enhanced
long-term depression of the synapses between parallel fibers

to Purkinje cells. These studies demonstrate that astrocyte
ChR2 stimulation successfully regulates astrocyte activity
and supports that astrocyte gliotransmitter release and
subsequent synaptic transmission can be regulated by
optogenetic stimulation, which can be a useful approach to
uncover the patho/physiological role of astrocytes in brain
functions. Our study showed that optogenetic stimulation of
astrocytes affected the SWD kinetics, albeit in different
patterns in GAERS and WAG-Rij. Although mostly
descriptive, the results point to interesting differences in the
two SWD models and suggest that SWDs in these two rat
models are likely driven by similar yet distinct mechanisms.
It remains to be clarified fully how the optogenetic stimulation
enhances physiological changes in astrocytes and,
subsequently, neurons and what are the cellular and/or
molecular mechanisms underlying the different responses of
GAERS and WAG-Rij.

Overall, although the exact mechanistic explanation of
how optogenetic manipulation of astrocytes affects the
synaptic transmission remains to be identified, literature so
far suggests that the main candidate is the increased Ca?"
levels in astrocytes after optogenetic manipulation”%3 and
subsequent gliotransmitter release® with various intracellular
communications.>0-31-53

Although both inbred GAERS and WAG-Rjj rats are well-
validated genetic models of AE, structural and anatomical
differences, including the increased amygdala and ventricular
volumes, thickness in the somatosensory cortex, and callosal
and fornical abnormalities, between the two strains exist.57-59
An enhanced cortical excitation® and alterations in
GABAergic synaptic transmission properties in various
thalamic nuclei neurons were reported in GAERS.®!
However, cortical excitability of the somatomotor cortex was
not validated in WAG-Rij rats.®? Environmental conditions
and genetic drift have a different impact on the severity of
epilepsy between the two strains.®® Our study revealed that
although there was no difference in the firing rate of each
SWD before and after the optogenetic stimulation in GAERS
or WAG-Rij, the average firing rate of the SWD in WAG-Rjj
rats was significantly higher than in GAERS. Akman et al.%
compared the EEG phenotype of GAERS and WAG-Rij rats
and showed that GAERS present a significantly higher
number, cumulative duration, and mean duration of SWD
than WAG-Rij. At the same time, the cycle frequency of the
discharges of SWD was higher in the WAG-Rij rats. Our
study shows that GAERS display 5 s to 20 s SWD whereas
WAG-Rijj rats display 1 s to 4 s SWD following optogenetic
stimulation of the VB thalamus, which is in line with the
aforementioned study. The results of the present and former
studies comparing the two strains showed differences in
frequency and amplitude of SWD, with distinct
pharmacological, > genetic,%® and ontogenetic profiles.¢’
Therefore, these models are phenotypically and genetically
distinct.
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Technical Remarks

The astrocyte-specific virus used in the present study was
expressed in thalamic astrocytes. 37970 Tian et al.?> showed
that stimulation of neurons using the same method as
astrocytes showed no field potential generation, whereas the
astrocyte stimulation triggers calcium-dependent glutamate
release, resulting in paroxysmal discharge shifts in
neighboring neurons. Further studies are required to fully
understand the molecular mechanisms underlying the ChR2-
induced changes in astrocytes and their effects on various
brain functions.

Limitations of the Study

The preliminary preparation is highly important for the
success of the optogenetic experimentation. The optimal
injection site, concentration, and expression time for opsin
and the optimization of the light intensity and duration are
critical. In order to prevent nonspecific effects of opsin
expression and light delivery, these parameters should be
carefully evaluated.

The main advantage of optogenetics is that channels can
target specific cell types and manipulate the activity of
individual cells under the control of specific promoters. The
subtypes of astrocytes could play different roles in the neural
network. However, the specific promoters for the subtypes of
astrocytes are not present. In addition, how optogenetic
manipulation affects the SWD also needs to be explored at
the molecular level. Therefore, further studies are necessary
regarding the molecular changes in the neurotransmitter
turnover and transmission in AE.

Conclusion

The results of the present study show that the astrocytes
contribute to the different aspects of the pathophysiology of
AE. The study also provides information about the differences
in two different animal strains. ChR2-derived light-sensitive
effectors on studying astrocytes illustrate their potential usage
in the understanding of astrocyte-to-neuron interaction while
the current available optogenetic actuators successfully
initiate biologically relevant signaling events in astrocytes.”!
Altogether, the present study may pave the way for the
development of astrocyte-related therapeutic interventions
for the pharmacological treatment of absence seizures.
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