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ABSTRACT

Background: Excitotoxicity is a common pathological process in neurodegenerative diseases
associated with overactivity of N-methyl-D-aspartate (NMDA) and P/Q type voltage-gated
calcium (Cav2.1) channels. Omega-lycotoxin-Gsp2671gis a therapeutic tool to modulate
overactive Cav2.1 (P/Q type) channels. Omega-lycotoxin binds to Cav2.1 channels with high
affinity and selectivity. This study aimed to investigate the effects of Omega-lycotoxin on the
cognitive impairment induced by kainic acid in rats.

Methods: The effect of pre-treatment and post-treatment trials of intra-hippocampal Cornu
Ammonis-3 administration of omega-lycotoxin (0.5, 1 or 2pug) was studied on the cognitive
impairment induced by kainic acid in rats. The rats’ learning and memory were assessed by the
passive avoidance and a single-day testing version of the Morris water maze method.

Results: Omega-lycotoxin caused a significant increase in the latency of the passive avoidance
test and the duration of their presence in the target area of the Morris water maze test compared
to the groups treated with kainic acid (P<0.0001). There were statistically significant
differences for the effects of various doses of omega-lycotoxin. The post-treatment groups
showed a greater improvement than those in the pretreatment groups.

Conclusion: The findings demonstrated that a single dose of omega-lycotoxin can prevent or
revert the memory impairment caused by kainic acid in rats.

Keywords: Calcium channel blockers, Kainic acid, Memory & avoidance tests, Calcium
channel Cav2.1 (P/Q type)

Introduction

n recent years, neurodegenerative conditions,
such as Alzheimer’s, Parkinson’s and Hun-
tington’s diseases have spread worldwide, and

activities of many patients with such side effects as am-
nesia, paralysis, motor disorders, and eventually death
[1, 2]. The causes of these diseases are still unclear but
they may stem from genetic and epigenetic factors, diet,
and lifestyle 3, 4].

the prevalence is rapidly increasing [1]. These
diseases are progressive and disrupt the daily
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In the central nervous system of mammals, P/Q-type of
voltage-gated calcium channels (Cav 2.1) control calcium-
dependent processes, such as synaptic plasticity and neu-
rotransmitters release [5, 6]. These channels are located at
the presynaptic terminals and initiate the fusion of presyn-
aptic vesicles by the influx of calcium ions into nerve end-
ings [4, 5]. The neurotransmitters that are released from
the pre-synaptic vesicles enter the synaptic clefts [7, §].

Ionotropic and metabotropic N-methyl-D-aspartate
(NMDA) receptors are located at post-synaptic ter-
minals. These receptors are classified into three cat-
egories: A. N-methyl-D-aspartate (NMDA); B. Alpha-
amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
(AMPA); and C. Kainic acid receptors [9, 10]. Through
these receptors, calcium, potassium and/or sodium ions
enter neurons. These receptors play an important role in
learning and memory [11, 12]. They support dendrites
and synapses in the brain and their excitotoxicity effects
can result in overactivity of the ion channels, leading to
destructive effects on the brain cells [13]. Also, calcium
ions play an essential role in the release of glutamate.
Many studies show that excessive activity of glutamate
receptors has a pivotal role in the development and pro-
gression of neurological disorders and neuronal toxicity,
known as excitotoxicity [11, 14-16]. These studies sug-
gest that excessive stimulation of glutamate receptors
following ischemic stroke, cerebral hemorrhage, and
epilepsy, play a key role in the development of such pa-
thologies as amnesia [9, 17, 18].

In many studies, kainic acid has been used as a systemic
or intrahippocampal administration to cause excitotoxic-
ity, which is very similar to neuronal toxicity in epilepsy,
Alzheimer’s, and other neurodegenerative diseases [19-
21]. Therefore, one of the main manifestations of this
toxicity is amnesia. This overstimulation may also be
due to increased neurotransmitter release from the nerve
endings [10, 19, 20, 22]. The excessive stimulation of
glutamate receptors causes large amounts of calcium to
enter the neurons, which can activate inflammatory en-
zymes such as cyclooxygenase or nitric oxide synthase
and tumor necrosis factor, and finally can lead to neuro-
nal inflammation and damage [10, 11].

On the other hand, over-saturation of mitochondrial
calcium generates various types of free radical species,
activation of the intrinsic apoptotic pathway, and P38
factor which causes neuronal necrosis. These events are
involved in the induction of neuronal death rather than
their plasticity [10]. Kainic acid can cause the release of
large amounts of neurotransmitters in pre-synaptic spac-
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es by overactivity of CaV2.1 channels. The increased
neurotransmitters release leads to excitotoxicity [19, 20].

At present, effective and safe drugs are scarce for the
prevention or treatment of diseases like Alzheimer’s and
epilepsy. The existing drugs, such as memantine and ga-
bapentin have low-affinity for their target receptors and
may cause adverse effects. Currently, there is not an effec-
tive drug for preventing or treating neuronal degeneration.
Also, the existing drugs including NMDA inhibitors (e.g.
memantine) do not have a very high affinity for the recep-
tor and are considered as non-selective antagonists with
adverse effects. Gabapentin is used to block the voltage-
dependent calcium channels. These drugs can be used in
moderate but not severe conditions [1, 2, 9, 23, 24].

Using natural compounds to prevent the formation or
progression of neurodegenerative diseases by modify-
ing the underlying mechanisms or repairing the neuronal
damage are viewed as promising therapeutic approach-
es. Research has shown that omega-lycotoxin, a toxin
from wolf spider, can modulate CaV2.1 channels in rat
cerebellar Purkinje cells and hippocampal CA1-CA3
neurons [25, 26]. However, there are no studies on its
behavioral assessments reflecting memory retention and
learning. Omega-lycotoxin can play a modulating role
in cases of excessive stimulation of pre-synaptic calci-
um channels induced by kainic acid. This study aimed
at investigating the effect of pre- and post-treatment of
the hippocampal neurons with omega-lycotoxin in rats
and the assessment of the resultant cognitive impairment
caused by exposure to kainic acid.

Materials and Methods

Chemicals & reagents: Omega-lycotoxin-Gsp 2671g
was supplied by MyBioSource Company (San Diego,
USA). Kainic acid, ketamine, and xylazine were purchased
from Sigma Aldrich Company (Munich, Germany).

Animals: A total of 54 adult male Wistar rats, weighing
230-250 g were obtained from the animal house of the Fac-
ulty of Pharmacy, Isfahan University of Medical Sciences.
All rats were kept in standard cages under controlled en-
vironmental conditions of humidity (~60%), temperature
(~25°C), 12 hr. of light-dark cycle, and free access to food
and water ad libitum. The experimental protocol observed
all of the internationally accepted guidelines concerning
the handling and care of experimental animals.

Experimental design: The study was conducted on
adult male rats, randomly divided into nine groups of six
rats each. The PBS buffer consisted of 137mM NaCl,
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3mM KCIl, 10mM Na2PO4, 2mM, KH2PO4, at pH 7.4
[27, 28]. This buffer was used as a vehicle for omega—
lycotoxin, while normal saline was used as a vehicle for
kainic acid. Each experiment was performed in the fol-
lowing order:

o Control group: Received a dose of 2l normal sa-
line in the hippocampus and was injected 2l PBS intra-
hippocampal 20 minutes later.

eKainic acid pre-treated group: Received a single
dose of kainic acid (2 pg, Img/ml) followed 20 minutes
later by an injection of 2 ul PBS in the hippocampus [29].

o Kainic acid post-treated group: Received a dose of
2 ul PBS followed by a single dose of kainic acid (2 pl, 1
mg/ml) in the hippocampus 20 minutes later.

o Omega-lycotoxin pre-treated groups: The three
groups of animals received either 0.5, 1, or 2 ug doses
of omega-lycotoxin followed by a single dose of kainic
acid (2 pg) in the hippocampus 20 minutes later.

e Omega-lycotoxin post-treated groups: The three
rat groups received a single dose of Kainic acid (2 pg)
followed by an injection of either 0.5, 1, or 2 ug of ome-
ga-lycotoxin in the hippocampus 20 minutes later.

Surgery: On the day of surgery, each rat was weighed
and anesthetized with i.p. injection of a mixture of Ket-
amine and Xylazine (100 and 2.5 mg/kg, respectively).
Adequate lidocaine and epinephrine were injected sub-
cutaneously at the site of surgery to induce local anes-
thesia and prevent bleeding.

Micro-injection procedure: The agents were adminis-
tered into the CA3 zone of the right hemisphere by us-
ing a 5 pul Hamilton syringe. The site of injections was
identified on the skull of each rat as follows: AP:—3.3mm
from bregma; ML: =3 mm from the midline; DV: 3.5
mm from the skull surface based on the Paxinos and Wat-
son’s Atlas of the rat brain [30]. The needle was inserted
into the marked area and the agents were injected slowly
over 6 min. Two minutes after injection, the needle was
slowly removed to avoid backflow of the fluid.

Behavioral assessments: The rats’ behavioral assess-
ments were performed seven days after the surgery. The
behavioral assessments included “passive avoidance”
and “Morris water maze” tests. These tests evaluated
the passive avoidance, spatial memory, and learning, re-
spectively, in each animal.
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Passive Avoidance Test: The passive avoidance test
is classically designed to evaluate the memory compo-
nents of the learning process and the emotional memory
in animal models for neurological disorders. Although
searching in a dark place is an inherent need for rodents,
the animal learns that it will be shocked if entering the
dark compartment during the training phase.

Passive avoidance learning was assessed during the
animals crossing through a shuttle box. It had two
compartments with an up-down sliding door on top of
each compartment. One of these compartments was a
light chamber with white walls and the other was a dark
chamber with black walls. Another sliding door was lo-
cated in the middle between the light and dark sections.
Stainless steel shocker rods covered the floor of the dark
chamber, which were connected to an electroshock de-
vice by a live wire. The intensity, frequency and dura-
tion of the current were fully adjustable.

The evaluation of the passive avoidance behavior was
performed on two consecutive days. The first training day
had two sections: habituation and experimental sessions.

e Habituation: The animals were kept in the labora-
tory for at least 30 minutes to get accustomed to the new
environment before starting the experiment.

e Experiment: The gate was slid up and the animal
was allowed to enter the dark chamber from the initial
light chamber. The initial latency for the animal before
entering the dark chamber was recorded.

The criterion for the animals to enter the dark chamber
was for the hind legs to cross into the dark compartment.
After 10 sec, the animal was returned to its cage. Ani-
mals with a latency of 100 sec or longer were excluded
from the study. After 30 minutes, the animals were re-
turned to the light chamber one at a time and the sliding
gate opened after 5 sec. When each animal entered the
dark chamber, the gate was slid down and the rat was
shocked (1mA, 50Hz, 3sec) through the floor bars. Two
minutes later, each rat was taken back to the light com-
partment again and the process was repeated. If the rat
did not enter the dark section, the test was over for that
animal. Otherwise, the same process was repeated until
they did not enter the dark chamber. One day after the
training, the rats were returned to the light chamber sep-
arately and the latency to re-enter the dark chamber was
recorded again as a means of evaluating their memory
of the procedure they went through the day before [31].
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Morris Water Maze Test: The Morris water maze test
is a procedure to evaluate spatial memory and learning
in rodents. The maze used in this study was a circular
metal tank with black walls, and was filled with water to
a height of 20-30 cm. A plexiglass platform was placed
1-2cm below the center of the target area, which was in-
visible to the animal being tested. The platform provided
an opportunity for the animal to take a rest on it while
swimming in the water tank. The walls around the tank
had signs and symbols marked on them so the animals
could use them to find the platform. The test included
three phases of habituation, training and swimming.

A day before the training began, rats were habituated to
the tank by allowing them to swim for 1 min without a
platform. The one-day training included eight trials with
four varying start points. Every rat was randomly entered
into the water twice in each zone of the tank and allowed
to swim and discover the underwater platform located in
the southwest zone. After reaching the platform, the rats
were let to stay there for 20 second and then were re-
turned to the holding box to rest for 30 sec before starting
the next trial. The animals were then placed in the pool
and they needed to learn the signs and other visual cues
outside the maze to remember the location of a hidden
platform below the water surface.

Figure 1. The passive avoidance test

The effect of pre-treatment groups of different doses of ome-
ga-lycotoxin on latency in the passive avoidance test. The
data are shown as Means+SEM of 6 rats per group;

*P<0.05; ** P<0.01; *** P<0.001; **** P<0.0001.
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After the initial training phase, the rats were returned
to their home boxes for one day. In the probational part
of the test, the hidden platform was removed and the rats
were placed in the water from the north end and allowed
to swim for one minute. Then the platform was set high-
er than the water surface and placed in the southeast area
[32]. In this test, the time spent in the target zone was
recorded and this factor was the criterion for the evalua-
tion of spatial memory and learning.

Data Analysis: Statistical analysis was performed, using
SPSS software, version 23. Primarily, the data were nor-
malized by the Kolmogorov Smirnov test. Multiple com-
parisons were made of the data collected from the pas-
sive avoidance and the Morris water maze tests among
the groups by one-way Analysis of Variance (ANOVA)
and Tukey’s Post Hoc tests. All data were shown as the
meanststandard errors of the means. For statistical anal-
ysis, P<0.05 was considered a significant difference.

Results

Effect of Omega-lycotoxin vs Passive Avoidance Test:
As shown in Figure 1, the administration of a single dose
of kainic acid (2pg) into the hippocampus significantly
decreased the latency time in the pre-treatment group

Figure 2. The passive avoidance test

The effect of post-treatment groups of different doses of
omega-lycotoxin on latency in the passive avoidance test.
The data are shown as Means+SEM of 6 rats per group;

* P<0.05; ** P<0.01; ***P<0.001; **** ’<0.0001.
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Figure 3. The Morris water maze test

The effect of pre-treatment groups of different doses of
omega-lycotoxin on time spent in the target quadrant in the
Morris water maze test. The data are shown as Means+SEM
of 6 rats per group;

* P<0.05; ** P<0.01; ***P<0.001; **** P<0.0001.

compared to that noted for the control group (P<0.0001).
All doses of omega-lycotoxin (0.5-2pg) significantly in-
creased the latency compared to that of the kainic acid
pretreatment group (P<0.001). Injection of the same
doses of omega—lycotoxin increased the latency time for
the passive avoidance test in the post-treatment group
compared to that for the kainic acid-treated group. This
agent at a dose of 2ug brought the latency time to near
normal level (P<0.001) (Figure 2).

Effect of Omega-lycotoxin on the Morris Water Maze
Test: As shown in Figure 3, the injection of a single
dose of kainic acid (2ug; 1mg/ml) in the hippocampus
decreased the time spent in the target quadrant of the
maze in the pre-treatment group as compared to that of
the control group (P<0.0001). All doses of kainic acid
(0.5-2pg) markedly increased the time spent in the target
quadrant for the post-test group compared to that for this
agent in the pretreatment group (P<0.0001). As shown
in Figure 4, the administration of omega-lycotoxin (0.5-
2ug) increased the time spent in the target quadrant in
the post-treatment group compared to that for the kainic
acid in the post-treatment group (P<0.05) to an almost
normal level (P<0.001).
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Figure 4. The Morris water maze test

The effect of post-treatment groups of different doses of
omega-lycotoxin on time spent in the target quadrant in the
Morris water maze test. The data are shown as Means+SEM
of 6 rats per group;

* P<0.05; ** P<0.01; ***P<0.001; **** P<0.0001.

Discussion

This study investigated a highly selective antagonist
of CaV2.1 channels and the effects on learning and mem-
ory performance in a rat model. We found that the intra-
hippocampal injection of kainic acid strongly impaired
the passive avoidance, spatial learning and memory in
rats, as assessed by established tests. Our findings were
supported by those of previous studies, showing that
kainic acid’s neurotoxicity results in cognitive impair-
ment in rats [ 19, 29]. It is known that kainic acid binds to
specific receptors in the hippocampus and causes excito-
toxicity effects [10, 19, 20]. Subsequently, the influx of
excess calcium into neurons causes increased release of
neurotransmitters. The overactivity of CaV2.1 channels
causes neuronal deterioration induced by P38, genera-
tion of large amounts of free radicals, and activation of
caspases, which eventually lead to apoptosis [10, 11, 19,
20, 29, 33, 34]. Our findings confirmed that the passive
avoidance and Morris water maze tests were appropri-
ate methods for the evaluation of learning and memory
performance in rats [20, 21].

The experimental rat model that was used in this study
appropriately demonstrated impairment in the behav-
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ioral functions including memory, learning and recogni-
tion. Thus, our findings suggest that the CaV2.1 chan-
nels have an essential role in the animal’s behaviors [8].
Prior to the current study, there was no experimental
evidence to demonstrate the effect of the over-stimulated
CaV2.1 channels on the behavioral performance in ani-
mal models. An earlier study on the function of omega—
lycotoxin has suggested modulatory effect of this agent
on CaV2.1 channels in rats’ cerebellar Purkinje cells and
hippocampal CA1-CA3 neurons [25, 26]. Our findings
further suggest that the release of neurotransmitters in
the synaptic cleft can be modified by omega—lycotoxin.
Further, the excitotoxicity effect caused by kainic acid
can be modulated by omega—lycotoxin.

Our results demonstrated that the memory and learning
impairment induced by kainic acid were improved by the
administration of omega-lycotoxin. The latency in the pas-
sive avoidance test, indicative of learning, was increased in
the rats receiving omega-lycotoxin compared to the group
treated with kainic acid only. Likewise, the time spent in
the target quadrant in a Morris water maze test, which re-
flects the spatial learning and memory performance, was
enhanced in the animals receiving omega-lycotoxin as
compared to the group treated with kainic acid only.

To date, no study has been conducted on the effect of
omega-lycotoxin on learning and memory performance
in animal models. Our findings provided experimental
evidence that omega-lycotoxin prevented and reverted
the learning and memory impairment induced by kainic
acid through modulating the overactive CaV2.1 chan-
nels in the hippocampus. Our findings are consistent
with those reported by previous studies on the binding
of omega-lycotoxin to CaV2.1 channels [25, 26]. Our
results revealed that the administration of omega-lyco-
toxin in higher doses (2pug versus 0.5pg) caused greater
improvement in memory and learning, and reverted the
neuronal deterioration caused by their exposure to kainic
acid. This finding implies that 2pg might be the optimal
dose of omega-lycotoxin in the rats used in this study.

Meanwhile, the post-treatment groups showed higher
degrees of improvement than the pre-treatment ones, sug-
gestive of the modulatory properties of this toxin [35]. As
modulators do not affect the basal activity of neuronal chan-
nels, they show higher effects if used as a post-treatment.
As a concluding remark, omega-lycotoxin may effectively
protect the neurons against the destructive effects of kai-
nic acid, improves learning and memory impairment by
modulating over-stimulated CaV2.1 channels, and leads to
normalizing the release of the neurotransmitters. Finally,
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it can control the activities of excitatory synapses, such as
NMDA and kainic acid receptors.

Limitation of the study: A major limitation of this
study was the high mortality rate of rats during and after
the surgery, performed by Strotex method, due to injec-
tion of kainic acid.

Recommendation for future research: We recom-
mend that future studies be conducted on the isolation
of the crude venoms from the Iranian spiders followed
by the venoms’ fractionation of the active components,
determination of the mechanisms of action involved in
the excitotoxicity.

Conclusions

Omega-lycotoxin, an agent from the wolf spider, has
modulating effects on calcium V2.1 channels, which en-
hances learning and memory in a rat model. Based on
our findings, we have provided experimental evidence
that the administration of omega-lycotoxin at 0.5-2pg in
rats, pretreated with kainic acid, improved their memory
and learning performance. This toxin is likely to induce
this effect by modulating the Cav2.1 channels. Further,
we demonstrated that increasing the doses of omega-
lycotoxin caused further improvement in the rats’ mem-
ory and learning performance. In summary, the data
analyses revealed that pre-treatment and post-treatment
with omega-lycotoxin may lead to different levels of
improvement on learning and memory deficits in a rat
model. Omega-lycotoxin is likely to be a potential future
pharmaceutical candidate for the management of cogni-
tive deficits in humans.
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