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Abstract

Background: The therapeutic goal of epilepsy is to reduce the frequency of seizure. Available
antiepileptic drugs only manage symptoms and are associated with hematological and
immunological dysfunctions. Since the bone marrow (BM) provides a suitable environment for
proliferation and differentiation of hematopoietic stem cells, any change in the BM environment
could have an impact on the immune system. Here we investigated the effects of AC-31B on BM
stroma cells (BMSCs) functions following kindling. Methods and Findings: The present study used
CD44 and CD90 as recognizing markers. Once score five develops, animals were sacrificed and tested
for the aforementioned markers in the BMSCs. Colony forming units-granulocyte/macrophage for
PBMNCs and BMSCs was also performed. We observed highest expression of CD44 and CD90 in BMCs
progenitor cells and in CFU-GM cultures from PTZ-control and diazepam treated mice. In contrast,
AC-31B significantly lowered the expression of these markers. The BM cellularity and clonogenic
assays from AC-31B treated kindled animals were comparable to the normal group. Conclusions:
Data indicates that there is an immune response magnification in PTZ-kindled mice cells and AC-31B
not only suppresses the kindling but also moderately reduced the expression of the CD markers. We
suggest that unlike diazepam, AC-31B does not affect the BM cellularity and its associated functions.
Further studies on isolation of active lead molecule from AC-31B may lead to discovery of naturally

occurring AEDs.

Introduction

Epilepsy is a condition which is characterized
by recurrent seizures as a result of abnormal
excitability of the nerve cells. In this condition there
is a loss in the balance between the excitatory and
inhibitory pathways of the nervous system [1,2].
It is a universal disease; affecting approximately
70 million people of all ages worldwide [3] and
nearly 80% of people with epilepsy are found in
developing countries [4].

Apart from damaging the neurons in the brain,
epilepsy is often associated with alterations in
the cellularity of the bone marrow which leads to
alteration in the immune functions [5]. Several
studies have reported a linkage between changes
in immune function and seizure activity [6-9]. The
CNS is known to affect hematopoietic and immune
systems through sympathetic nerve fibers [10,
11] and this mechanism is important for normal
hematopoiesis and for the controlled release or
retention of cells within the bone marrow. The
bone marrow provides a microenvironment for
self-renewal, proliferation, and differentiation

of hematopoietic stem cells into peripheral blood
cells and also supports B cell development and
development of early stages of T cell progenitors
[12]. Thus, any change in the bone marrow
microenvironment could have an impact on the
development of the components of the immune
system. Since bone marrow is the source of immune
cells in adults, it is possible that immune alterations
during epilepsy could be partly due to disruptions of
hematopoietic functions by abnormal activity of CNS
neurons. Studies conducted in experimental animals
have suggested a linkage between seizure activity
and alterations in immune functions. In addition,
there are some antiepileptic drugs (AEDs) which
are associated with adverse effects on bone marrow
cellularity and therefore on the immune system [13-
16]. These unfavorable responses to the presently
available drugs indicate a need for the development
of new drugs as alternatives.

Like other diseases that have been cured by the
medicines that are based on natural products, there
are several plants used in folk medicine for curing
the epilepsy such as compound isolated from the
Piper methysticum [17-19]. Keeping these facts in
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mind i.e., the limitations of current antiepileptic drug therapy and
prehistoric role of natural products based drug discovery, this study
was designed to test essential oils AC-31B isolated from Allium cepa.
The reason for selecting AC-31B is purely based on the fact that it has
shown potent anticonvulsant and anti-epileptic activity in our earlier
studies [20]. The objectives of this study were (a) to evaluate the effect
of chronic seizures-induced changes in BMSCs , (b) to characterize
the anticonvulsant effects and safety of AC-31B in standard seizure
models in rodents, (c) antiepileptogenic activity of the AC-31B tested
in chemically-induced kindling model in mice, since this kindling
permits investigations into the convulsive component of epilepsy,
epilepsy-related alterations in behavior as well as neuro-morphological,
neurophysiological, and neurochemical determinants of this complex
disease, and (d) to explore whether changes in hematopoietic functions
following kindling are likely to be controlled by AC-31B isolated from
natural products. The recognizing markers of used for this study are
CD44 and CD90.

The CD44 and CD90 molecules are intercellular adhesion molecules that
bind to a number of ligands such as fibronectin, vascular cell adhesion
molecule-1 (VCAM-1) and hyaluronic acid and are responsible for
homing and proliferation of the hematopoietic progenitor cells (HPCs)
[21-25]. Thus, the adhesive interaction between the HPCs and stroma
leads to their proliferation and homing in the bone marrow and
supports hematopoiesis [23]. Keeping in mind, the role of these CD
molecules in the proliferation, homing and maturation of the immune
components, it is important to consider their expression level in order
to determine the immune status of an individual.

Material and methods
Reagents

The Collagen Type-I, diazepam, Ficoll-Hypaque, pentylenetetrazole
(PTZ), and trypan blue were purchased from Sigma Chemicals (USA).
The cell culture reagents were purchased from Invitrogen Corp. (CA,
USA). For cell washing, physiological buffer i.e., 1x phosphate saline
buffer (PBS) was used.

For immunostaining, monoclonal antibodies to rat H-CAM; CD44H
(BD Pharmingen Company, Franklin Lakes, NJ, USA), and rat CD90
(Thy 1.1) (Cedarlane Laboratories Ltd. Canada) were used. Alexa flour”
488 goat anti-mouse IgG (H + L)*2 (Invitrogen Corporation Carlsbad,
CA, USA) was used as secondary antibody. For RT-PCR analysis
of CD markers, RNeasy Mini Kit (Qiagen Inc. Valencia, CA, USA),
Superscriptase III First-Strand synthesis system for RT-PCR (Invitrogen
Corporation Carlsbad, CA, USA) and Omniscript RT kit (Qiagen Inc.
Valencia, CA) were used. For Agarose gel electrophoresis; Agarose, was
purchased from MP Biomedicals. Inc, France and DNA ladder; Gene
Ruler™, 100bp DNA ladder was purchased from Fermentas. Inc. (Glen
Burnie, MD, USA). The GAPDH was used as an internal standard
(house keeping gene). The primer sequence of the mouse GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) gene, CD44 and CD90
are shown in table 1.

In vivo anti-epileptogenic activity screening of AC-31B

Animals: The NMRI male mice of 20-25 kg weight were used. The
animals were maintained under standard laboratory conditions with a
12 hr light: dark cycle, at 21 + 1°C temperature. All experiments were
carried out following Standard International Guidelines for Animal
Care and Use and regulated by Advisory Committee on Animal
Care, Use, and Standards of International Center for Chemical and
Biological Sciences, University of Karachi. Study was commenced once
the protocol was approved by the institutional advisory committee
(Protocol Approval No.: 2015-0007).

scPTZ-induced
epileptogenesis)

kindling in mice (model of

Each treatment group (table 2) consists of 18 male NMRI mice. Kindling
was induced according to the modified method of De Sarro et al. (2000).
Except normal control, all other groups were given sub-convulsive doses
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of PTZ i.e., 50 mg /kg subcutaneously once every second day between
9:30 - 11:00 am. The normal, drug control and test groups received daily
dose of their saline, diazepam and AC-1B respectively. On the day of
PTZ administration, the treatment of saline, diazepam (7.5 mg/kg) or
AC-31B (80 mg/kg) was given 45-50 minutes before the PTZ. After
each PTZ injection, animals were placed in observation chambers for
1 hour, and behavioral seizure activity was rated. Animals were scored
according to a pre-validated scoring scale for the severity of the seizure
activity. Seizure patterns during the gradual development of kindling
are classified into five distinct behavioral stages: Stage 0 no response,
stage 1 ear and facial twitching, stage 2 convulsive wave through the
body, stage 3 myoclonic jerks, stage 4 clonic-tonic convulsions, turnover
into side position, stage 5 generalized clonic-tonic seizures, loss of
postural control. The cumulative kindling score was then calculated
i.e., average of the individual behavioral scores and then dividing them
with the number of the animals in order to plot against the number
of treatments. The experiments were terminated once the PTZ-control
group reached the score 5. The samples were collected and processed as
per requirement.

Culturing of BMSCs and determination of BMS cellularity

Mice were sacrificed under aseptic condition and both femurs were
immediately removed, ends were cut and the cells were dislodged with
a 22 G needle attached to a syringe containing complete DMEM cell
culture media with 5% FBS, and 1% streptomycin/ penicillin. A single
cell suspension was produced by repeatedly flushing the bone marrow
cells through a syringe. The total number of viable cells was enumerated
by Trypan Blue Exclusion test. The viability of the cells used in this
study varied from 70-90%.

To determine the stromal cellularity; the cell suspension was checked
by counting the number of cells on hemacytometer. The total number
of cells was then multiplied by the factor 104 in order to get number of
cells/ml. For BMS culturing, the cells were washed with 1X phosphate
buffer saline (PBS) and then resuspended at 2x10° cells /ml in complete
DMEM culture medium and placed in 75-cm? tissue culture flasks.
Cultures were incubated at 37°C in 5% CO,. The cultures received
weekly replacement of 50% culture media until cells attained confluence.

Isolation of mononuclear cells from bone marrow and
peripheral blood

Mononuclear cells from peripheral blood or bone marrow were isolated
by a standard Ficoll density gradient centrifugation method. The ring
of mononuclear cells at the Hypaque-plasma interface was taken in a
separate tube and washed twice with PBS.

Clonogenic assays

To assess the total number of progenitor cells in BM and periphery,
BMNCs (bone marrow mononuclear cells) and PBMCs (peripheral
blood mononuclear cells) were cultured in methylcellulose for colony-
forming units’ i.e., granulocyte/macrophage (CFU-GM). BMNCs (105/
ml) and PBMCs (10%/ml) were plated with methylcellulose in 33-mm
culture dishes/75-cc tissue culture flask. Lymphocyte conditioned
medium was provided to the cultures to support the growth of CFU-
GM. To determine cells/clone, clones were observed at 40x under an
inverted Nikon microscope. Clusters of >20 cells were scored as a single
clone.

Immunostaining for CD44 and CD90

Once the cells attain confluence; they were trypsinized and centrifuged
to get the cell palate. The palate was re-suspended in the DMEM
media and allowed to grow overnight in the 4-valve slide and kept in
an incubator maintained at 37°C with 5%CO,. Next day, the cells were
fixed in 4% paraformaldehyde for 30 minutes, washed with phosphate-
buffered saline (PBS) and blocked in PBS containing 2% bovine serum
albumin, 2% normal goat serum and 0.2% Tween20 (blocking solution)
for 1 hour at 37°C. Following the incubation, the cells were washed with
PBS and re-incubated overnight at 4°C with the respective primary
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antibodies (CD44 or CD90) at 1:50 dilutions in blocking solution. Next
day, cells were gently washed with 1x PBS and were then incubated
with secondary antibody Alexa flour® 488 goat anti-mouse IgG at
1:200 dilution in PBS for 1 hr at room temperature. Before observing
the cells, DAPI was added for the staining of the cell nuclei and cells
were examined under fluorescence microscope. The intensity of CD44
and CD90 immunofluorescence was measured and analyzed by image
processing program ImageJ (National Institutes of Health, MD, USA).
This software helps in multiple imaging system data comparisons taking
density (densitometry) in consideration. For each image, background
density was determined and subtracted; the remaining particles
were considered to represent CD44 and CD90 expression. Data were
obtained from 3-4 images and presented as means + S.E.M.

Determination of expression of CD44 and CD90 mRNA

Total cellular RNA was extracted from the cells according to
manufacture's protocol provided along with the RNeasy Mini Kit
and was then reverse transcribed into cDNA using Superscriptase
III First-Strand synthesis system for RT-PCR. The final product i.e.,
cDNA was then amplified using Omniscript RT kit and oligonucleotide
primers corresponding to transcripts of the murine GAPDH, CD44
and CD90 genes. To exclude contamination of genomic DNA, reverse
transcription was also carried out for the same sample without adding
the enzyme (negative control). Mouse GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) gene was used as an internal standard. Each
sample was assayed in triplicate and normalised to the expression of
the house keeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The products of reverse transcription reactions were
placed in a preheated (94°C) thermal cycler and then denatured for 1
minute at 94°C, followed by 35 cycles of amplification in the following
manner: 15 seconds denaturation at 94°C then 30 seconds annealing
at 55-58°C and then 1 minute extension at 72°C. The final extension
step was performed at 72°C for 10 minutes and upon completion the
reactions were maintained on 4°C. The prepared PCR products were
analyzed on 1% agarose-gel electrophoresis. Ethidium bromide (1.5
uL) was added into the gel for the detection of specific bands of DNA
under UV light. DNA standard (GeneRulerTM 100 bp DNA Ladder)
and 10 uL PCR products were loaded in each well. After complete run,
the gel was removed and visualized under UV transluminescence and
photographed using Gel-Doc system (Alpha Innotech, CA, USA). The
density of each band was quantified. The density of CD44 and CD90
products were normalized to that of GAPDH. Density of each band was
quantified by taking two dimensional area of each band. The integrated
density value (IDV) was obtained through the corresponding pixel
intensity using Spot Density Tools of the Gel-Doc system.

Statistical analysis

The statistical analysis was performed using Statistical Package for the
Social Sciences (SPSS). The result is shown in mean + SEM. Data of
seizure score was analyzed by nonparametric Mann-Whitney U tests.
The difference in the cellularity of the cells among various treatment
groups and mRNA expression of CD44 and CD90 were analyzed using
one-way analysis of variance i.e., ANOVA (using Bonferron’s post hoc
test). The immunostaining data was analyzed by one-way ANOVA with
Dunnetts post hoc tests. Sequential differences among means were
calculated at the level of P < 0.05 using the SPSS version 19.

Results
Seizure score in PTZ -induced kindling model

After third dose of PTZ, the animals in the control kindled group
displayed a gradual increase in the seizure score and exhibited the score
5 with the average seizure score of 4.83 by the sixteenth dose (Figure
1). The seizure score of PTZ-kindled control group was significantly
different from day 8 onward (P < 0.05) compared to the normal group.
The diazepam treated kindled animals exhibited an average seizure
score of 0.33. In contrast, the AC-31B (80 mg/kg) treatment exhibited
average seizure score of 0.778 and protection from different seizure
patterns, such as twitches, body jerks, clonus and generalized seizure.
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Cellularity of the BM from kindled and unkindled mice

Studies have reported that stress conditions influence BM cellularity,
affecting overall changes in progenitor cells. Accordingly, we first
determined the cellularity of the cells for each group of mice. The
cells from the two femurs of each animal were pooled and the total
number of viable cells counted. One-way ANOVA with bonferroni’s
post hoc test was used to analyze the data. A comparison of the total
number of cells in femurs from the six groups (Figure 2) showed
significant differences where, PTZ-kindled control group was found
to exhibit a significant increase in the cellularity compared to normal
control (P < 0.04) and AC-31B (P < 0.01) treated groups. A post hoc
analysis indicated that both the kindled and un-kindled mice treated
with diazepam had reduced cellularity of the bone marrow compared
to the normal (P < 0.02) and PTZ-kindled control (P < 0.01). When
the diazepam treatment was compared to AC-31B kindled groups, a
significantly decrease cellularity was observed (P < 0.05, Figure 2).

Proliferation of primitive BM progenitors

After observing increased cellularity or hyperproliferation of bone
marrow progenitors in PTZ-kindled mice, we next determined if
there were changes in bone marrow stroma because stroma plays
an important role in providing the basis for the development of
progenitor cells and supporting hyperproliferation of these cells. Our
results showed an increase in stromal cells in the PTZ-kindled control
seizure group (P < 0.01) relative to the normal control mice (Figure 3).
These results indicate that the immature bone marrow progenitors in
kindled mice were ‘primed’ to proliferate rapidly, suggesting that the
defect seems to be present at the level of the primitive bone marrow
progenitors. The AC-31B kindled and un-kindled group showed same
proliferative pattern as the normal control group and there was no
significant difference between these groups. However, diazepam treated
kindled and un-kindled groups showed significantly lower (P < 0.05)
than the normal control animals.

Clonogenic assays from peripheral blood and bone
marrow

Since we observed changes in bone marrow cellularity, we next
determined if the effects of seizures were extended to dysfunction in the
more immature progenitors. One-way ANOVA for clonogenic assays
from peripheral blood for the six groups showed that the groups differed
significantly in total numbers of colonies observed. Post hoc analysis
indicated that kindled mice in PTZ-control group had a significantly
higher colony number (P<0.005, F=4.81) relative to normal control and
kindled animals treated with AC-31B, however kindled and un-kindled
mice treated with diazepam showed significantly reduced number of
clones compared to other groups included in this study (P<0.01, Figure
4).

One-way ANOVA analysis for clonogenic assays from BMNCs for
the BM progenitors showed that the kindled and un-kindled groups
differed with respect to the number of colonies (P<0.05, F=13.54). Post
hoc analysis showed that BMNCs from PTZ-kindled control animals
displayed a significantly higher proliferation (P<0.05) as compared
to the normal control animals or kindled mice treated with reference
drug or AC-31B (Figure 5). Within the treatment groups, the diazepam
treated kindled or un-kindled groups exhibited a significantly low CFU
compared to normal (P < 0.02) and AC-31B treated kindled groups (P <
0.04). Microscopic observation for cluster of cells/clone showed average
number of cells/clone for kindled mice were 20 + 5 cells.

Immunochemical analysis of CD44 and CD90

One-way ANOVA with Dunnetts post hoc was used to analyze the
immunostained cultured stromal cells harvested from the PTZ-kindled
control group revealed the highest expression of CD44 (Figure. 6)
and CD90 positive cells (Figure. 7). Amongst the treatment groups,
the kindled mice treated with diazepam also showed high expression
of these markers which was comparable to that of the PTZ-induced
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Figure 1. Effect of AC-31B on scPTZ-induced kindling. The
kindling scores are expressed as the arithmetic mean + SEM of 18
animals in each treatment group. The treatment of 80 mg/kg of AC-
31B exhibited a mean of 0.77 by the end of the experiment. The bar
under the figure represents the timeline of the experiments. The rats
were treated with PTZ on alternate day. A total of 16 doses of PTZ
were given during the 32-days period and by this time the animals
in control group were fully kindled. Starting from the 4th injection of
PTZ, the average scores of PTZ-induced seizures were significantly
higher in the kindled control rats (receiving no other treatment except
PTZ, P < 0.05). *P < 0.03: significantly higher than normal control
revealed by nonparametric Mann-Whitney U tests. The animals were
sacrificed for immunohistochemistry and RT-PCR analysis after 33
days experiment.

0 Nomrel Cantrl

BACHB+PTZ
OAC-31B
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9

Figure 2. Cellularity of bone marrow harvested from kindled
and un-kindled animals. The results are expressed as the mean +
SEM. Graph indicates that total cellularity of bone marrow was
significantly increased in control PTZ-kindled group compared to the
normal control (*P < 0.04) and AC-31B or diazepam treated kindled
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animals (§P < 0.01 for both AC-31B and diazepam). The diazepam
treated kindled mice also showed marked decrease in the bone
marrow cellularity when compared to the normal control group (P <
0.01). Likewise, a significant decrease in the cellularity of diazepam
treated group was also observed when compared to the AC-31B
treated group (**P < 0.05).

@ Normal Control
mPTZContrd
OAC-31B + PTZ
OAC-31B

mDZ+ PTZ
mDiz

Number of Cells x 106

O = N W s 0000 N 0 ©

Treatment Groups

Figure 3. Effect of kindled seizures on bone marrow (BM) cells.
Control PTZ- kindled mice show significant hyperproliferation of
BM progenitors (*P < 0.01) compared to normal control and kindled
AC-31B treated mice. Within the treatment groups, the diazepam
treated groups exhibited significantly reduced proliferation compared
to normal control group (**P < 0.05). The results are expressed
as the mean + SEM (in box image) Phase contrast images of bone
marrow stromal cells of the kindled and unkindled groups. The
control PTZ- kindled group demonstrated marked hyperproliferation
of BM progenitors compared to normal control and kindled AC-31B
treated mice. Where A-D represents normal control, PTZ-control,
AC-31B treated kindled group and Diazepam treated kindled group
respectively.

! mn!
!‘- !

Figure 4. CFU-GM assays performed with peripheral blood
mononuclear cells (10°/ml). The control PTZ-kindled group indicated
significantly higher numbers of colonies in PBMCs (*P < 0.01)
cultures; relative to normal control and AC-31B treated kindled
mice. In contrast, diazepam treated kindled mice showed significant
reduction in CFU assay (**P < 0.005). The image in the figure shows
the CFU of PTZ-control and Normal-control groups. The results are
expressed as the mean + SEM.
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Number of colonies

Figure 5. CFU-GM assay of bone marrow mononuclear cells (10°/
ml) from the kindled and un-kindled animals. Significantly higher
numbers of colonies was observed in the BUNCs cultures of control
PTZ-kindled group (*P < 0.05), relative to normal control and AC-
31B treated kindled mice. In contrast, diazepam treated kindled mice
showed significant reduction in CFU assay (**P < 0.005). The results
are expressed as the mean + SEM.

CD44

Figure 6. Representative photomicrograph of CD44
immunoreactivity in normal and kindled mice brains with stage
5 seizure activity. Phase contrast photomicrograph of the normal
control group (4) has been shown along with its fluorescence
photograph (B) in order to show the population of the cells present
in the culture. Note the increased immunofluorescence in the PTZ
kindled control cultured cells (C) compared to normal control. The
diazepam treated kindled group also demonstrated marked increase in
the CD44. The AC-31B treated kindled group (E) showed a significant
decrease in the expression of CD44. A baseline expression of CD44
was also detected in AC-31B treated normal group (F) however it was
comparable to the normal control group.
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Figure 7. Fluorescence photomicrographs of bone marrow stromal
cells showing CD90 immunoreactivity in kindled and un-kindled
groups. Phase contrast photomicrograph of the normal control group
(4) has been shown along with its fluorescence photograph in order
to show the population of the cells present in the culture (B). The
baseline fluorescence was detected in the normal un-kindled group. In
contrast, cells harvested and cultured from PTZ-kindled control group
(C) showed marked increase in the expression of CD90 followed by
diazepam treated kindled group (D). The AC-31B treated kindled
group (E) showed a significant decrease in the expression of CD90,
however, it was slightly higher than the normal control. A baseline
expression of CD44 was also detected in AC-31B treated normal

group (F).

WFTZ-Damcen  WF
WDCany WAL

Fluorescence Intensity (arbitary Unit)

D90

Molecular Marker Analvzed

Figure 8. Graphic representation of the level of expression of
immunochemically detected CD44 and CD90 in cultures set from
kindled and unkindled animal groups and analyzed by ImageJ
software. In comparison to normal control group (29.47 + 3.73), the
PTZ control animals showed a significant increase in the CD44 and
CDY0 intensity (74.69 + 17.3, *p < 0.024).
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Figure 9. Representative for mRNA expression of CD44 and CD90
molecules on the surface of BMSCs. Total RNA were extracted from
BMSC:s of kindled and un-kindled groups. Following the agarose gel
electrophoresis, the bands were quantified by densitometry and each
mRNA level was normalized to that for GAPDH mRNA. Each bar
represents the mean + S.E.M.

control animals. In contrast, lower expression of CD44 and CD90 was
observed in the kindled animals treated with AC-31B (Figure. 8). The
baseline expression of these markers was also observed in the normal
control and un-kindled animals given the diazepam or AC-31B.

RT-PCR analysis

Following RT-PCR reactions, CD44 and CD90 receptors' specific bands
were detected in all samples. We have observed that the expression of
the mRNA for these markers correlates with that of the immunostaining
data. Figure 9 shows a representative agarose gel of typical RT-PCR
reactions indicated significantly higher expression of CD44 and CD90
in the PTZ-kindled group compared to the normal control animals (p
< 0.02 and p < 0.01 for CD44 and CD90 respectively). In contrast, the
expression of both CD44 and CD90 were lower in the diazepam treated
and AC-31B-treated kindled animals. However, within the treatment
groups, the expression was far less in AC-31B when compared to the
diazepam treated kindled animals. The baseline expression of both
the CD44 and CD90 were also observed in the normal control and
un-kindled animals given the diazepam or AC-31B (Fig. 9). In all
experiments, the levels of housekeeper GAPDH were equal between
treated and untreated samples.

Discussion

Earlier in our laboratory we observed a potent anticonvulsant activity
of AC-31B both in maximal electroshock test (MEST) and scPTZ-in-
duced acute seizure model in mice. Therefore, it was decided to evaluate
its action on the process of epileptogenesis in the model of chemical
kindling induced in mice. Our data demonstrated a potent anti-epilep-
togenic activity of AC-31B in scPTZ-induced kindling model in mice.
It was observed that 80 mg/kg dose of AC-31B significantly retarded the
development of seizures as compared to the kindled control group. Sev-
eral lines of evidence suggest that PTZ produces its behavioral effects
by blocking the postsynaptic actions of the inhibitory neurotransmitter
gamma-amino butyric acid (GABA) and also block the neurotransmit-
ter induced chloride conductance [26-30]. Furthermore, the benzodi-
azepines, a well known facilitator of GABAergic neurotransmission,
antagonize the PTZ-induced convulsions [31] and PTZ has also been
shown to inhibit the benzodiazepine binding competitively [32-34].
Gamma aminobutyric acid (GABA) is a major inhibitory neurotrans-
mitter in the brain, and the inhibition of GABAergic neurotransmission
has been thought to be the major underlying factor in the development

Neurol Neurosci. (2020) Vol 1, Issue 1

of epilepsy. The enhancement of the GABAergic neurotransmission has
already been reported to antagonize seizures, while its inhibition pro-
motes seizures. In our study, we have used diazepam (7.5 mg/kg) as a
reference drug. The protection of mice against PTZ-induced seizures
observed in diazepam treated kindled mice was expected, since vari-
ous authors have shown that diazepam exert its anticonvulsant activity
by enhancing GABA-mediated inhibition 35-36. Earlier studies have
shown that the systemic administration of PTZ lead to generalized
tonic-clonic seizures and antagonizes the effects of the GABA [36, 37-
39]. The suggested reduction of synaptic inhibition can contribute to
the convulsive effects of PTZ [40, 41]. In the light of these reports and
our observations i.e., retardation of PTZ induced kindling by AC-31B,
we suggest that the anti-seizure effect of AC-31B may be in part due
to their ability to attenuate PTZ-induced seizures by interfering with
GABAergic transmission. However, unlike diazepam, we are as yet not
clear regarding the mechanism of action of the AC-31B. Studies are still
ongoing to validate the mechanism of action of AC-31B at the receptor
level.

We have observed that the kindling-induced seizures resulted in
marked increases in cellularity of the bone marrow. In case of PTZ-
kindling, our concerned issue was to see if changes in the cellularity
observed were caused due to the functional defects in bone marrow
cells by the kindled seizures. In answer to this question, we observed
an increase in both the proliferation of progenitors in CFU-GM assays
and in stromal cells culture in untreated PTZ-kindled mice. This
proliferation could be due to either an intrinsic defect in the stem cells,
which programs hyperproliferation, or change in microenvironmental
factors, forcing these cells to hyperproliferate. Interesting observations
were made in case of kindled mice treated with diazepam. We have seen
a significant reduction in the cellularity of both the unkindled-and-
kindled diazepam treated mice as compared to both the normal control
and PTZ kindled control groups. Studies has reported that the ligand of
the peripheral benzodiazepine receptors expressed on BMSCs / MSCs
tends to inhibit the cellular functions including the proliferation and
also induces the apoptosis and this could account for the observations
made in our study using diazepam [42-44]. The other speculated reason
at the time was that the reduced cellularity in the bone marrow might
be due to the redistribution of cells to the periphery since the stem cells
have high migratory potential that allows them to leave and re-enter the
marrow under normal conditions and also the redistribution of bone
marrow cells during any kind of stress is not an unusual phenomenon
[45,46,5]. However, this speculation was ruled out because the
clonogenic assays of BMCs and PBMC:s also showed reduction in the
number of the clones in normal and kindled diazepam treated mice. In
contrast, the data of BM cellularity and clonogenic assays from AC-31B
treated kindled animals were comparable to the normal group.

Another major finding of the present study was the observation that the
effects of long-term kindled seizures also induces the up-regulation of
cluster differentiation molecules CD44 and CD90 on bone marrow cells.
There are a variety of cell surface glycoproteins but we focused on the
onesi.e., CD44 and CD90 that are reported to facilitate close interactions
between hematopoietic progenitors (HPC) and the microenvironment
provided by the stroma (BMSCs). The adhesive interaction between the
HPC and stroma leads to the proliferation and differentiation in the
bone marrow supports hematopoiesis and regulation of the homing of
hematopoietic progenitor cells [47-49]. The higher expression of CD44
and CD90 in the PTZ-kindled group supported the results seen as
hypercellularity and high number of colonies in PTZ-kindled control
group. Compared to PTZ kindled control group, the immunostaining
of the cultured BMSCs from diazepam treated kindled and un-kindled
groups revealed a noticeable decrease in the expression of cell surface
CD44 and CD90 markers. These observations were supported by
the RT-PCR results which showed a reduced expression of both the
CD44 and CD90 mRNA in diazepam treated groups. In contrast, the
expression of these markers was increased on the surface of the cells
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harvested from PTZ-kindled animals. In comparison to diazepam,
the AC-31B treated groups showed comparable results to that of the
normal groups.

The present study has provided evidence suggesting that immune
alterations in epilepsy could be due, in part, to changes in bone
marrow microenvironment and it can be modulated by appropriate
anticonvulsant use which has minimum or no effect on normal bone
marrow functions. Despite the fact that AC-31B has shown a remarkable
activity against epileptogenesis in our kindling model developed in
mice, its’ underlying mechanism of action is yet to be established. The
immunomodulatory effects of AC-31B has lead us to further explore it’s
mechanism by which it modulates the immune functions. Currently the
ongoing study of our laboratory focuses at exploring the mechanisms
underlying the linkage between immune dysfunction and epileptic
disorders. Further studies are needed to explore the potential of this
essential oil in the development of neuronal cells from pluripotent
bone marrow stromal cells and its possible role in preventing / treating
epileptic activity in the neurons. Moreover, we are also interested to
work out in isolating its’ active principle which is actually inhibiting the
development of epileptogenesis in our model. Once the active principle
is isolated, we will also explore to see its” activity on the specific ion-
channels and we are expecting that it will give us an idea of what
specific receptor-types it is acting in order to show anti-convulsant and
anti-epileptogenic activity.
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