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Background: Parawixia bistriata is a semi-colonial spider found mainly in southeastern of Brazil. www.phcog.com
Parawixin 10 (Pwx 10) a compound isolated from this spider venom has been demonstrated to DOI:

act as neuroprotective in models of injury regulating the glutamatergic neurotransmission through 10.4103/0973-1296.160450
glutamate transporters. Objectives: The aim of this work was to evaluate the neuroprotective effect
of Pwx 10 in a rat model of excitotoxic brain injury by N-methyl-D-aspartate (NMDA) injection.
Material and Methods: Male Wistar rats have been used, submitted to stereotaxic surgery for saline
or NMDA microinjection into dorsal hippocampus. Two groups of animals were treated with Pwx 10.
These treated groups received a daily injection of the Pwx 10 (2.5 mg/uL) in the right lateral ventricle
into rats pretreated with NMDA, always at the same time, each one starting the treatment 1 h or
24 h. Nissl staining was performed for evaluating the extension and efficacy of the NMDA injury and
the neuroprotective effect of Pwx 10. Results: The treatment with Pwx 10 showed neuroprotective
effect, being most pronounced when the compound was administrated from 1 h after NMDA in
all hippocampal subfields analyzed (CA1, CA3 and hilus). Conclusion: These results indicated that
Pwx 10 may be a good template to develop therapeutic drugs for treating neurodegenerative diseases,
reinforcing the importance of continuing studies on its effects in the central nervous system.
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INTRODUCTION

In bioassays using termites (Szntermes sp), the crude
venom of P. bistriata induced an irreversible paralysis

Parawixia bistriata is a semi-colonial spider found in Central
America and South America, mainly in South Eastern of
Brazil."! This spider has habits of nocturnal hunting and
diurnal quiescence, trooping in nests.

Some studies with the venom of P. bistriata using
synaptosomes prepared from rat cerebral cortex (SRCC)
demonstrated that the denatured venom causes a potent
inhibition of the uptake of gama-aminobutyric acid (GABA)
and greatly stimulates uptake of L-glutamate (L-Glu).”
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caused dose-dependent manner when injected
rectally.P’l Intracerebroventricular injection (icv) of the
venom of this spider, as well as more pure fractions
abolished tonic-clonic seizures induced by injection of
picrotoxin, pentilenetetrazole (PTZ) and bicuculline in rats.!

After the separation process using high performance
liquid chromatography (HPLC), a fraction of the venom
of P. bistriata, now called FrPbAII, demonstrated to be a
potent inhibitor of GABA uptake in SRCC as well as in
synaptosomes prepared from rat retinas.’! Other results
have shown that icv injection of FrPbAII significantly
inhibit seizures induced by bicuculline in rats.! This
compound was neuroprotective in a rat model of
expetimental glaucoma and in ischemia/reperfusion injury
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in rat retinal model, reducing cell death and maintain
normal morphology of all the layers of retinal cells.l’
Other studies have shown that this compound also has
anticonvulsant and anxiolytic effects when injected into
the rat hippocampus and tested on elevated plus maze.!”

Beleboni e# 4l showed that FrPbAII isolated from
the venom of P. bistriata, acts directly and primarily on
GABA and glycine transporters, a feature that makes it an
important tool in the study of neuroprotection.

Parawixin 1 also purified from the venom of P. bistriata
by our group stimulates the uptake of L-Glu in SRCC in
a dose-dependent manner, and appears to mediate this
effect by increasing the Vmax for the uptake of L-Glu
with any change in the Km.” This finding suggests that
the active compound may act by increasing the conduction
or alternatively increasing the number of functional
carrier molecules at the cell surface. We also observed a
neuroprotective effect of Parawixin 1 in both ischemia and
ischemia/reperfusion retinas in experimental glaucoma rat
model. When tested in immortalized cells derived from
African monkey kidney (COS cells), which expressing
subtypes of glutamate transporters, this compound
stimulated an increase in uptake of L-Glu by subtype
excitatory amino acid transporter type 2 (EAAT2).P
Fontana et al.,* also reported that this compound promotes
a directincrease of influx of L-Glu by subtype transporter
EEAT?2 through a mechanism that does not alter the
apparent affinity for both co-substrates L-Glu and sodium.

Furthermore, another compound has been isolated
from the spider P. bistriata called Parawixin 10 (Pwx 10).
It has anticonvulsant effect in rats submitted to acute
chemical induction of seizures by kainic acid and
N-methyl-D-aspartate (NMDA) (icv) and PTZ (ip).
Furthermore, Pwx 10 caused a considerable increase in
the uptake of L-Glu and glycine using SRCC and also
stimulated the release of GABA.P!

In recent decades, great efforts have been employed in
an attempt to discover new substances or associations
between existing substances that could be more effective
to block processes of nerve tissue injury, such as chronic
neurodegenerative diseases, trauma, status epilepticus (SE)
and ischemic processes, which resulting from vascular
changes in animal models or clinical trials."*''! However,
so far no drug or politherapeutical scheme could block the
death of neurons arising from these injuries. Accordingly,
the use of animal toxins which acting on the central
nervous system (CNS) can be a good template to improve
the development of new compounds used as tools for the
study of disease processes or as models for search for new
therapeutic agents co-adjuvants.
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Once demonstrated the action of spider toxins from
P. bistriata in the transport of classical neurotransmitters
in the CNS involved in brain changes induced by different
injuries, itis important to check the activity of these toxins
and their possible neuroprotective effects in different
models of brain injury, such as excitotoxicity induced by
NMDA microinjection into the dorsal hippocampus of
rats.

The present study was designed to extend our earlier
work about Pwx 10 and study the neuroprotective
potential of Pwx 10 in a model of excitotoxic injury
induced by microinjection of NMDA agonistin the dorsal
hippocampus of rats.

MATERIAL AND METHODS

Spider collection and venom fractionation

Spider collection and venom fractionation was performed
according to Fachim e¢# 4/, as well as the purification
of the venom fractions. Briefly, specimens of P. bistriata
were collected in the Ribeirdo Preto region (Sao Paulo,
Brazil), taken to the laboratory wetre frozen at —4°C,
and kept at —20°C. Glands and venom treservoirs were
homogenized in acetonitrile/milli-Q water (1:1; v/v), and
centrifuged at 8000.g for 10 min at 4°C. Supernatants
were collected and filtered in membranes with a 3000-Da
cut-off (Millipore, Microcon, USA) under centrifugation
at 8000.g and 4°C until complete filtration. Next, the
extract was lyophilized, weighed, and submitted to
fractionation.

Dry extract was dissolved in ultrapure water of milli-Q) grade
containing 0.1% trifluoroacetic acid (TFA). The solution was
subjected to reverse-phase HPLC (Shimadzu, Japan) using
an octadecylsilyl C18 column (15 um, 20 mm X 250 mm;
Phenomenex-Jupiter, USA) at the flow rate of 8.0 mL/min
and monitored at 214 nm. Firstly, an isocratic gradient was
run with 1% CH,CN: H,O (v/v) containing 0.1% TFA for
10 min. Next, a linear gradient from 1% to 60% CH,CN for
60 min was performed. Fractions were collected, lyophilized,
weighed, and used in bioassays.”!

Purity of Pwx 10 was verified by electrospray ionization
mass spectra (ESI-MS). Dry fractions were dissolved in 50%
CH,CN: H,O (v/v) containing 0.1% formic acid (v/v).
Molecular masses were determined by positive electrospray
ionization (ESI+) on a high-resolution spectrometer.
Fractions were injected with the aid of an infusion pump
ata flow of 10 kL/min. ESI-MS spectra wete acquired on
an UltrOTOF apparatus (Bruker Daltonics, Billerica, USA)
in the continuous acquisition mode, scanning from 50 m /z
to 2000 m/z with a scan time of 5 s.’)
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Animals and housing

Male Wistar rats (220-250 g), from the animal house
of the University of Sao Paulo were used. The animals
were allocated in pairs in a temperature-controlled
room (23°C + 1°C), on a 12:12-h light: Dark cycle (lights
on at 7:00 a.m.) with food and water ad /ibitum. Animal
handling and all experiments were performed according
to the Brazilian Society of Neuroscience and Behavior
guidelines for care and use of laboratory animals, and all
efforts were made to minimize animal suffering, This study
was approved by the Ethics Committee for Care and Use
of Laboratory Animals of the University of Sao Paulo,
campus Ribeirdo Preto (CEUA nr. 10.1.619.53.3).

Surgery, N-methyl-D-aspartate intrahippocampal
injection and treatment with Parawixin 10

To evaluate the neuroprotective potential of Pwx 10, the
following animal groups were used: (1) Saline 1-week,
(2) NMDA 1-week, (3) NMDA 1-week treated with
Pwx 10 1 h after surgery and (4) NMDA 1-week treated
with Pwx 10 24 h after surgery; (# = 06/each).

Each group was sacrificed at designated period of time
after receiving the injection of saline or NMDA by via
intrahippocampal. The Pwx 10 treated groups received a
daily injection of the Pwx 10 (2.5 mg/uL) in the right lateral
ventricle of 1-week, always at the same time, each one starting
the treatment 1 h or or 24 h after injection of NMDA. The
concentration of Pwx 10 was chosen according to the ED_|
for protection of acute seizures induced in rats by NMDA.!

Histological procedures and quantification

After the behavioral test, all animals were anesthetized (urethane,
25%, Sigma) and killed by perfusion with intracardiac infusion
of 0.1M phosphate buffered saline (PBS), pH 7.4, followed
by 4% paraformaldehyde in PBS. The brains were rapidly
removed and soaked in the same fixative solution for 2 h
(4°C) and then cryoprotected by soaking in 30% suctose in
PBS for 48-72 h (4°C). Brains were frozen in isopentane
cooled in dry ice (—40°C, Sigma) and stored at —70°C
until sectioning. 24 h before sectioning the brains were
transferred to a —20°C freezer. Selection of anatomical
levels for sectioning was conducted with reference to
illustrations from Paxinos and Watson (19806). Transverse
sections (30 Um) containing hippocampus were obtained in
a cryostat (—20°C, Leica) and processed for Nissl staining
(3 section/animal from control and NMDA 2 and 4 wecks)
ot immunohistochemistry (3 sections/animal, all groups).

Histological sections were observed and the subfields of the
hippocampus (CA1, CA3 and hilus dendate gyrus [HDGJ)
were captured in a light microscope with a digital
camera (DFC300 FX, Leica) for further quantification using
computerized image analysis software (QWin Plus, Leica).
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Statistical analysis

The data from Nissl experiments were compared by analysis
of variance (one-way ANOVA) followed by Newman—
Keuls, both using Graph Prism software (version 4.0,
GraphPad Software, USA). The significance level was set
at P < 0.05.

RESULTS

Histological evaluation of injury induced by
N-methyl-D-aspartate in the hippocampus after
treatment with Parawixin 10

After treatment with Pwx 10, it was observed that both
groups (24 h and 1 h after injection of NMDA), there
were a decrease of glial proliferation in all hippocampal
subfields studied, as well as the preservation of cell layers
if compared to the NMDA treated group [Figure 1], and
keeping the same characteristics as the control group.
This effect was especially observed in the animals who
received Pwx 10 starting 1 h after the microinjection of
NMDA. This qualitative analysis can be confirmed by the
quantitative data that are shown in Figure 2.

In the CA1 subfield [Figure 2a], as expected, was observed a
decrease in the number of Nissl stained cells in the NMDA
treated animals when compared with saline treated animals.
However, when the both groups treated with Pwx 10 1 h or
24 h after NMDA were compared with saline-treated group
we observed the neuroprotective effect of the spider toxin
compound, since no significant differences were detected
among them [Figure 2a]. When Pwx 10 treated animals
were compared to NMDA treated animals, an increase in the
number of Nissl stained cells in both Pwx 10 treated groups,
these results confirm the preservation of the cells layer. This
increase was 44% in the group that received Pwx 10 24 h after
NMDA microinjection and 83% in the group that received
Pwx 10 after 1 h (F, ,, = 37.39; P < 0.001) [Figure 2a].

In the CA3 subfield [Figure 2b] we observed similar results
to those observed in CA1 that is, the preservation of
cell layer by Pwx 10 treatment. When the groups treated
with Pwx 10 were compared to NMDA treated group,
was observed an increase in the number of cells stained
with Nissl, although this increase was less robust than
as observed in CAl, it was 6% in Pwx 10 treated group
after 24 h and 14% in the Pwx 10 treated group after
Lh (F,,,=12.52, P < 0.0001) [Figure 2b].

In HDG subfield [Figure 2¢] the results followed the same
profile that was observed in CAl. The Pwx 10 treated
groups showed no significant difference if compared to
the saline treated group, which shows the neuroprotective
effect of Pwx 10. This effect is confirmed by the significant

581



Fachim, et al.: Pwx 10 is neuroprotective against NMDA microinjection

PORRE U 3 A \‘.'.\. B :
D N RN, {0} DR o
8 e s e

RS Y, v iy S L e

NMODA 1 wask |\ -
P 101h e

Figure 1: Nissl staining in subfields CA1, CA3 and hilus dendate gyrus control groups (saline), injected with N-methyl-D-aspartate (NMDA) and
injected with NMDA and treated with Parawixin 10 in each study period (1 h and 24 h). 200 um
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Figure 2: (a) Number of neurons in the CA1 subfield in animals in groups: Saline 1-week, N-methyl-D-aspartate (NMDA) 1-week, Parawixin
10 (Pwx 10) 1 h and Pwx 10 24 h. (b) Number of neurons in the CA3 subfield in animals in groups: Saline 1-week, NMDA 1-week, Pwx 10 1 h
and Pwx 10 24 h. (c) Number of neurons in the hilus dendate gyrus subfield in animals in groups: Saline 1-week, NMDA 1-week, Pwx 10 1 h and
Pwx 10 24 h. The values are represented as mean + SEM of the number of cells quantified bilaterally into three sections/animal (n=6). *P < 0.05,
**P < 0.001; *** P < 0.0001 (one-way ANOVA followed by Newman-Keuls)

increase in the number of Nissl stained neurons in Pwx 10 DISCUSSION

treated groups compared to the NMDA treated group. This

increase was 81% in the Pwx 10 treated group 1 h after ~ Many neurotoxins exhibit high affinity and selectivity
NMDA microinjection and 143% in the Pwx 10 treated  for receptors, transporters and neuronal or glial ion
group 24 h after NMDA microinjection (F,,, = 13.18,  channels'” among them are the venoms of spiders thatare
P < 0.0001) [Figure 2c]. considered important sources of neuroactive molecules,
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that acting specifically on different types of ion channels.!"’

These molecules have a great potential for the study of
neuroscience, which act as pre- and post-synaptically, and
can modulate the neurotransmission.!"’!

A detailed analysis of the structure and activity of
neuroactive molecules allows a better understanding of
the organization and functioning of the CNS. Also enables
the development of new drugs for the treatment of CNS
disorders.!?

In view of the neuroprotective potential of Pwx 10
isolated and characterized in our laboratory” and its effect
on the glutamatergic system, in this study this molecule
was used in order to treat and/or ameliorate the injury
caused by NMDA in the rat hippocampus. In an attempt
to visualize its neuroprotective effect, it was administered
a daily dose of Pwx 10, in a 1-week period in rats given
intrahippocampal injection of NMDA.

According to our results, we observed that the treatment
with Pwx 10 was effective in this type of injury, since
the number of cells in the evaluated regions after
NMDA injection and treated with Pwx 10 to increase
significantly when compared with the animals injected with
NMDA and untreated. These data add further evidence
to the therapeutic potential of Pwx 10, since in our
previous findings was demonstrated that the Pwx 10 has
anticonvulsant potential to block the occurrence of acute
seizutres induced by NMDA, PTZ, and kainic acid (KA) in
rats.! Therefore, besides the anticonvulsant effect in the
induction of acute seizures model also has neuroprotective
potential in the excitotoxic model used in this work.

This effect can be attributed to the action of Pwx 10 in
glutamate transport, since at low concentrations neurotoxin
that increases the uptake of this neurotransmitter in
SRCC,” making this excess of neurotransmitter provoked
by the NMDA injection to be attenuated by acting in the
transport mechanism of this excitatory amino acid. Similar
activity, with activities on the glutamatergic transport, it was
found in a compound of the P. bistriata the Parawixina 1,
which promoted an increased influx through glutamate
transporter EAAT?2 in liposomes and COS-7 cells directly
and selectively, through a mechanism that does not alter the
affinity of its co-substrates, sodium and LGlu not thereby
increasing the reverse transport.l

Furthermore, the neuroprotection found after treatment
with Pwx 10 may be due to the period in which treatment
was initiated, since with 1 h and 24 h after NMDA
injection the mechanisms of neuronal death triggered
by excitotoxicity may have been blocked or minimized
by Pwx 10. Evidence-based literature have shown that
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neuronal death after an insult varies according to brain
region studied and the cell type examined.!'*"!

The evidence showed that peak neuronal death (cells
positive for Fluoro-Jade) in HDG and dendate gyrus
occurred between 3 h and 12 h after SE in rats, while the
most damage in pyramidal neurons in subfields CA1 and
CA3 were visualized after 1-week. Moreover, recent results
performed in our laboratory concerning the gliosis resulting
from the NMDA-induced injury showed a significant
increase of glial fibrillary acidic protein-positive cells in
the CA1 and CA3 layer after 1-week (paper in elaboration).

The mechanism by which Pwx 10 acts on glutamate
transport remains unknown and more studies are required
to clarify it. As the Pwx 10, further spider neurotoxins have
affinity for receptors and ion channels in the CNS, among
them we have the argiotoxin 636, a noncompetitive NMDA
antagonist,'” JSTX-3 (an analogue of Jorotoxin) that blocks
epileptiform activity in both rat hippocampal sections as
human.!" Some toxins from the spider Phoneutria nigriventer
(PhTx-3, TX 3-3, TX 3-4) were neuroprotective in the
induction of a model of retinal ischemia*® and PhTx-56,
an analogue of philantotoxina-433 that acts as potent and
selective antagonist of O-amino-3-hydroxy-5-methyl-4-is
oxazolepropionic acid (AMPA) receptors!" and transport
of glutamate by inhibiting its reuptake dose-dependent
mannet.

Given the association of cell death attributed to glutamate
excitotoxicity with stroke, head trauma, ischemia, among
other insults,?” several alternatives have been studied in
an attempt to attenuate neuronal damage, by reducing the
function is glutamate receptor, or modulating its transport.
In animal models of ischemia, it has been speculated that
ischemic insult triggers a decrease in the GluR2 subunit
causing an increase in the permeability of Ca*" through
AMPA receptors, eventually leading to neuronal cell
death. Interestingly, Ot-amino-3-hydroxy-5-methyl-4-isox
azolepropionic acid receptors (AMPARs)-permeable are
highly expressed in CA1 pyramidal neurons, and this area
of the hippocampus is more vulnerable to cell death after
an ischemic insult or seizures than other regions of the
hippocampus for review see Chang e al., 2012.2" Some
antagonists of AMPARs appear to be more effective in
preventing neuronal than antagonists of NMDA receptors
death, highlighting the importance of modulation of these
receptors as therapeutic targets. In this context polyamines,
are important modulators of AMPARs, since when the
GluR2 subunitis absent from its composition, this receptor
becomes sensitive to blockage by polyamines.” In addition,
NMDA receptors have in its structure a site for polyamines
located in the extracellular region of the NR2B subunit.
The binding of polyamines that site has regulatory action,
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which may contribute to or protect cells from excitotoxic
damage.”

Among the isolated toxins of spiders that act on
glutamatergic transmission, are the polyamines or
amides acilpolyamines.? The investigations on the
pharmacological effects of polyamines present in toxins
have shown that these compounds interact with several
important targets in insects, in both the periphery and
CNS as well as in the CNS of mammals.” Since glutamate
is the first chemical messenger present at neuromuscular
junctions of insects, it would be no surprise that iGluRs
insects are the main targets of polyamines present in
toxins. These compounds ate present in the venom of
Nephila clavata and Argiope lobata, among others?! and are
noncompetitive antagonists of glutamatergic NMDA,
AMPA and KA receptors.*

Given that GluRs are involved in the pathophysiology of
epilepsy as well as in seizures,” blockade of these receptors
by polyamines theoretically produce an anticonvulsant
and/or neuroprotective effects. In this context, there
are reports that polyamines have anticonvulsant effects
in models of induced seizures. Jackson and Parks?
observed that a poliaminic fraction (called AG2) isolated
trom the spider Agelenopsis aperta alleviated or suppressed
seizures induced by injection of kainic acid, bicuculline and
picrotoxin. The 1-naftilacetil spermine, which is a synthetic
derivative of polyamine AG2, showed anticonvulsive effect
on kindling model (“kindling”) in rats when injected into
the lateral ventricle.””

Until now the structure of Pwx 10 not characterized,
however there is evidence based on previous studies,
considering its fractionation and mass spectrometry,
suggesting that it may be a polyamine. This explains in part
its neuroprotective activity, since at low concentrations the
polyamines can exert anticonvulsant and neuroprotective
activities.’”! However, high doses of polyamines can
cause deficits in memory and learning functions. Shimada
et al.P'! observed that rats treated with spermidine and
were submitted to a memory test on the elevated plus
maze had presented deficits in cognitive functions.
Furthermore, it is worth mentioning that the blocking
of polyamines found in venoms of spiders and wasps
by type AMPA receptors may differ according to the
constitution of this receptor, which exhibits properties of
different permeability due to lack of GluR2 subunit. In
this particular model, we note that after 24 h and 1-week
of injection of NMDA (at what stage of the treatment
was started with the Pwx 10) there is a sharp decrease of
GluR2 subunits, making the environment more sensitive to
blockade by polyamines (paper in elaboration). Thus, the
Pwx 10 could act in blocking Ca**-permeable AMPARs,
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thereby decreasing glutamatergic excitotoxicity, justifying
its neuroprotective effect in this model.

In addition to our results, a parallel study is being conducted
in our laboratory using the Pwx 10 as well with interesting
results. When administered chronically in a rat model of
pilocarpine-induced seizures, the Pwx 10 has demonstrated
anticonvulsant and neuroprotective effect, increasing the
latency of recurrent seizures and diminishing the duration
and severity average of those. In addition, the treatment
with Pwx 10 showed no behavioral deficits in treated rats
when exposed to Morris water maze (unpublished data).

These results are additional evidence that Pwx 10 has a
neuroprotective potential, reinforcing the importance
of continuing studies on its effects in the CNS. These
studies may provide new tools for the investigation of
pathological processes that contribute to the clarification
of excitotoxic mechanisms, as well as new alternatives for
the exploration of drugs that could act in the treatment
of neurodegenerative diseases of the CNS.

CONCLUSION

These results indicated that Pwx 10 has a great therapeutic
and neuroprotective potential, reinforcing the importance
of continuing studies on its effects in the CNS.
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