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Background: Arthropod venoms have attracted interest because they represent a source of 
neuroactive compounds that can be useful tools in neuroscience and pharmacological investigations. 
Objective: The purpose of the present work was to evaluate the anticonvulsant, anxiolytic, and 
behavioral effects of the peptide fraction separated from venom of the social wasp. Materials and 
Methods: The low- molecular-weight compounds of the venom were separated by ultrafiltration and 
the bioassays were performed to test anticonvulsant and anxiolytic effects, as well as alterations in 
the spontaneous behavior of the animals. Results: Intracerebroventricular injections of the compounds 
induced dose-dependent anticonvulsant effects and a potent anxiolytic activity. Regarding behavioral 
effects, no significant differences were observed in relation to the saline control group. Conclusion: 
The low-molecular-weight compounds of the venom of Polybia paulista include neuroactive peptides 
that can be used as pharmacological resources for anticonvulsant and anxiolytic drug research.
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INTRODUCTION

Neurological, mental, and behavioral disorders represent 
a huge burden to society, affecting more than 450 million 
people globally.[1] Furthermore, the data suggest that 
psychiatric and neurological disorders are a growing and 
important cause of  morbidity.[2,3] Among the most common 
neurological disorders are depression, schizophrenia, 
Alzheimer’s disease, anxiety disorders, and epilepsy.

Epilepsy is the second most common neurological 
disease in the world, affecting approximately 1% of  
the population.[4] It is defined as a chronic disorder of  
the brain characterized by recurrent and spontaneous 
unpredictable seizure activity, which is triggered by an 

abnormal discharge of  neurons,[5,6] and it has psychological, 
cognitive, neurobiological, and social consequences for 
the patient.[7] Treatment for this disorder is based on the 
chronic administration of  antiepileptic drugs.[5] These drugs 
often have strong side effects, which vary in frequency and 
severity after chronic treatment and may include chronic 
toxicity, cognitive impairment, sedation, teratogenesis, and 
hepatic failure.[8-13]

A significant proportion of  patients with epilepsy (30%) 
suffer from intractable, that is, drug-resistant types of  
seizures.[6] Interestingly, most of  the newer drugs available 
are more efficient than conventional anticonvulsants but 
still induce strong side effects at therapeutic doses.[6,13] 
As a result, the search continues for new drugs to treat 
the patients whose seizures are inadequately controlled 
by existing drugs, including adults with complex partial 
seizures and children with a variety of  syndromes.[14,15]

Anxiety disorders, as a group, are the most prevalent mental 
health conditions in both developing and developed regions 
around the world.[16] To distinguish pathological anxiety 
from normal anxiety, it is necessary to establish whether the 
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anxiety reaction is of  short, self-limiting duration and linked 
to the moment. The pathological anxiety disorders affect 
about 400  million people worldwide, and an estimated 
20% of  the population will be subject to these disorders 
later in life. In Brazil, anxiety disorders are considered to 
represent a major public health problem, affecting more 
than 10 million people.[16]

Anxiety disorders are also enormously costly in terms of  
individual suffering and direct medical and indirect social 
cost.[17,18] Moreover, when first-line treatments are not 
effective, treatment-resistant anxiety disorders may be 
another serious problem.[19]

In this context, venoms of  arthropods such as spiders, 
scorpions, and wasps, due to their high specificity and 
affinity for neuroactive substrates, may be useful in the 
design of  novel drugs for the treatment of  neurological 
disorders.[20-22]

Wasp venoms are complex mixtures of  biochemically and 
pharmacologically active substances, which include amines, 
small peptides, and high-molecular-weight proteins such as 
enzymes, allergens, and toxins.[23-26] The venom of  social 
wasps contains mainly low-molecular-weight compounds 
comprising peptides,[27,28] which are the most common 
compounds (about 70%) in this venom[28] and many of  
these have antimicrobial, myotoxic, hemolytic, and neural 
activity.[26,29-31] In relation to the latter, some peptides exert 
potent anticonvulsant, antinociceptive, and antipanic 
activity when applied directly to the central nervous system 
of  rats.[30-33]

Very few studies have focused on the venoms of  social 
wasps as sources of  excitatory and inhibitory neuronal 
modulators. The purpose of  this study was the investigation 
of  the anticonvulsant and anxiolytic activity of  the low-
molecular-weight compounds isolated from the venom 
of  the neotropical social wasp Polybia paulista, as well as 
an analysis of  the side effects of  these compounds on 
spontaneous behavior in Wistar rats.

MATERIALS AND METHODS

Animals
This study was approved by the Committee for Ethics 
in Animal Use of  the Institute of  Biological Sciences, 
University of  Brasília, under license number 45.810/2009. 
Animals were maintained in accordance with the Brazilian 
Society for Neuroscience and Behavior ethical statements, 
which follow the guidelines for animal care prepared by 
the Committee on Care and Use of  Laboratory Animal 
Resources, National Research Council, USA.  Likewise, 

every effort was made to avoid unnecessary stress and 
pain to the experimental animals. Moreover, the collection 
of  specimens of  the wasps was authorized by the Chico 
Mendes Institute for Biodiversity Conservation in Brazil 
(license number 21723-1, date of  issue 27/10/2009).

Wasps
P.  paulista specimens were collected in Distrito Federal, 
Brazil, and they were identified by entomologist Prof. 
Dr. Fernando Barbosa Noll (UNESP, Brazil). The wasps’ 
nest was collected and immediately submitted to low 
temperature in a cooler with ice. In the laboratory, the nest 
was stored at  -20°C for 5 hours to euthanize the wasps. 
A total of  1,500 venom sacs were dissected and macerated in 
a 1:1 acetonitrile/deionized water solution. The homogenate 
of  the macerated material was centrifuged using an ultra 
filter (Millipore) with a 3kDa cut-off  for 30  minutes 
at 10,000 x g. The resultant ultrafiltrate, characterized as 
low-molecular-weight compounds of  the P. paulista venom 
(LMWC-Pp), was quantified and diluted in deionized water 
at concentrations of  70, 210, and 350 µg/µl.

Rats
Male Wistar rats (220-250 g) from the animal house of  the 
University of  Brasília, Distrito Federal, Brazil, were used in 
the assays. They were kept in wire-mesh cages in a room 
with a dark/light cycle of  12 hours (lights on at 7:00 a.m.), 
with water and food ad libitum. Conditions of  luminosity 
and temperature (22°C) were kept constant in the housing 
and experiment rooms. Efforts were made to minimize the 
number and potential suffering of  experimental subjects.

For surgical procedures, all animals were anesthetized 
with ketamine (60 mg/kg, Syntec, Brazil) and xylazine 
(10 mg/ kg, Syntec, Brazil) and fixed in a stereotactic frame 
(Insight, Brazil). A local injection of  lidocaine was given, 
and the cranium was exposed for implantation of  a stainless 
steel guide cannula (10 mm) in the right lateral ventricle. 
The coordinates used were 0.8-mm posterior to bregma, 
1.6 mm lateral from the midline, and 3.4 mm ventral from 
the surface of  the skull according to the atlas of  Paxinos 
and Watson.[34] The cannula was fixed to the skull with 
dental acrylate. Before performing the assays, all animals 
were allowed 5-7 days to recover from surgery.

Bioassays
Anticonvulsant activity
Groups of  rats (n=5-8) were injected intracerebroventricular 
(i.c.v.) with LMWC-Pp at 70, 210, 350 µg/animal and saline, 
with the aid of  a Hamilton syringe driven by an infusion 
pump (Harvard Apparatus) injecting a volume of  1µl over 
1  minute. Ten minutes after the injection, the animals 
received a single dose of  the convulsant pentylenetetrazole 
(PTZ) (105mg/kg, s.c., Sigma) and were placed in the arena 
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and filmed for 30 minutes. The dose of  the convulsant 
was based on previous experiments to find the dose that 
produced convulsions in 97% of  the animals (CD97) (data 
not shown). A  positive control was also employed, in 
which PTZ was injected 30 minutes after Diazepam (DZP) 
(anticonvulsant, 2 mg/kg, i.p.). Seizures were evaluated 
using the score for seizure severity proposed by Lüttjohann 
et  al.[35] The number of  animals that presented a score 
6 seizure (maximum score) and the latency to onset of  
seizures were recorded.

Anxiolytic activity
Groups of  rats (n=5-8) were injected i.c.v. with LMWC- Pp 
(70, 210, and 350 µg/animal) and physiological saline, 
with the aid of  a Hamilton syringe as described above. 
Ten minutes after treatment, the animals were placed in 
the center of  an elevated plus maze (EPM), made of  
wood and consisting of  four arms, each 50 cm in length 
and 10 cm in width. Two opposing arms were enclosed 
by walls 40 cm in height, while the two remaining (open) 
arms were surrounded by a raised lip to prevent falls from 
the apparatus. The maze was elevated 50 cm above the 
floor. The maze was cleaned with alcohol-soaked and dry 
cloths between animals. In addition to the saline group, 
two other control groups were employed: negative, in 
which the anxiogenic substance PTZ (30 mg/kg, s.c.) was 
injected and the rats were placed in the EPM 15 minutes 
later, and positive, in which the standard anxiolytic DZP 
(2 mg/kg, i.p.) was injected and the rats were placed in the 
EPM 30 minutes later. The behaviors of  the experimental 
animals were recorded for 5 minutes by a video camera 
interfaced with a computer in an adjacent room. The 
following behavioral responses were analyzed: number of  
entries (1) in the open arms and (2) in the closed arms; time 
spent (3) in the open arms and (4) in the closed arms; and 
(5) number of  head dips.

Behavioral effects
Adverse effects on the spontaneous behavior of  animals 
were assessed using the open field test. Rats were placed in 
an acrylic arena (open field) 60 cm in diameter and 50 cm 
high, the floor of  which was divided in 12 sections, after 
being injected as described before with LMWC-Pp at 70, 
210, and 350 µg/animal, saline, and DZP. The animals were 
filmed for 30 minutes. The time spent in each behavior and 
the numbers of  lines crossed were recorded. Behavioral 
categories were grouped according to Speller and Westby[36]

with modifications, as follows: exploratory and immobility, 
and lines crossed.

Histological analysis
To verify the correct positioning of  the cannula, after 
the assays, the animals received an overdose of  sodium 
thiopental (Cristália, Brazil). Following euthanasia, the 

animals were injected i.c.v. with toluidine blue to mark the 
exact site of  injection. Then, the brains were removed and 
frozen. After freezing, incisions were made in the brain to 
visualize the ventricular system and confirm the injection 
site. Correctly located cannulas were considered to be those 
that would enable a complete blue coloration of  the lateral 
ventricles. Data from rats with guide cannula tips located 
outside the lateral ventricle were not included in behavioral 
and statistical analyses.

Statistical analysis
All statistical analyses were performed using GraphPad Prism 
Software version 4.0 for Windows (GraphPad Software, San 
Diego, USA). Differences were considered significant at 
values of  P<0.05. With regard to anticonvulsant activity, the 
numbers of  animals protected from seizures were analyzed 
using the Chi-square test, and ED50 values were calculated by 
the Probit method. To analyze the latency to onset of  seizures 
in the anticonvulsant assays, the data collected were subjected 
to one-way analysis of  variance (ANOVA) followed by the 
Tukey test. Regarding anxiolytic activity, to analyze the time 
spent on and number of  entries into the open and closed arms 
of  the EPM, as well as head dipping behavior, the results were 
subjected to ANOVA, followed by the Tukey test. The data 
obtained by the observation of  exploratory and immobility 
behaviors were subjected to ANOVA followed by the Tukey 
test. In addition, the number of  lines crossed was subjected 
to two-way ANOVA followed by the Bonferroni post-test.

RESULTS

Anticonvulsant activity
The results for protection against score 6 PTZ-induced 
seizures after administration of  the LMWC-Pp are shown 
in Figure 1. Data from these experiments demonstrated that 
the administration of  LMWC-Pp blocked PTZ-induced 
seizures in a dose-dependent manner. In experimental 
groups, the lower dose (70 µg/animal) did not protect any 
of  the animals, while the medium dose (210 µg/ animal) 
protected 12%. However, only the highest dose of  LMWC-
Pp, 350 µg/animal, gave significant protection against 
score 6 PTZ-induced seizures compared to the saline 
group and the lowest dose of  LMWC-Pp, protecting 60% 
of  the animals (χ2=23.18, P<0.001). The ED50 value was 
calculated at 314.75±0.08 µg/animal. In the saline group, 
all animals presented seizures. By contrast, in the DZP 
group, no animals presented seizures.

The latencies to the onset of  PTZ-induced seizures in control 
and experimental groups can be seen in Figure 2. ANOVA 
revealed significant differences in the various experimental 
treatments [F(4,26)=21.23, P=0.0001]. Latencies in the saline and 
70 and 210µg/animal LMWC- Pp groups were significantly 
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shorter than that of  the DZP group. Moreover, significant 
differences were also observed between the 210  µg/animal 
dose of  LMWC-Pp and the saline and 70  µg/animal groups. 
The latency in the 350 µg/animal dose was significantly longer 
than those of  the saline and 70 µg animal LMWC-Pp groups 
(P<0.001). Thus, a dose-dependent increase was observed in 
the latency to PTZ-induced seizure onset.

Anxiolytic activity
The time spent in the open arms of  the EPM can be 
seen in Figure 3a. In relation to this parameter, ANOVA 
revealed significant differences in the various experimental 
treatments [F(5,28)=6.261, P=0.0008]. Animals treated with 
the highest dose of  LMWC-Pp and DZP spent significantly 
more time in the open arms when compared with the 
groups treated with saline and PTZ.  The number of  
entries in the open arms of  the EPM was also significantly 
different [F(5,26)=5.939, P=0.0014] between the different 
groups. These data are shown in Figure  3c, where an 
increase in the number of  entries can be seen in the group 
treated with the highest dose of  LMWC-Pp.

Figure 3b illustrates the time spent in the closed arms of  
the EPM. ANOVA did not detect a significant difference 
between the groups [F(5,35)=2.530, P=0.0502]. Similar results 
were observed for the analysis of  the number of  entries in 
the closed arms [Figure 3d], where there was no significant 
difference [F(5,35)=1.286, P=0.2958]. Also, there was a 
significant increase [F(5,30)=2.991, P=0.0299] in the time spent 
engaged in head dipping behavior when rats were given the 
highest dose of  LMWC-Pp, compared with control groups. 
These observations are illustrated in Figure 4.

Behavioral effects
The effects of  LMWC-Pp doses, saline, and DZP on 

exploratory and immobility behaviors are shown in 
Figures 5a and b. A significant difference between saline 
and DZP was observed (P<0.01), but not between saline 
and experimental groups, both for immobility [F(4,22)=4.135, 
P=0.012] and also exploratory behaviors [F(4,22)=3.70, 
P=0.0187].

Regarding the number of  lines crossed by the animals 
in the arena, as shown in Figure  5c, there were 
significant effects of  treatment [F(4,10)=22.94; P<0.0001] 
and time [F(5,102)=5.23; P<0.0003], but there was no 
significant difference in the treatment-vs-time interaction 
[F(20,102)=0.37; P=0.9936]. Post hoc analysis indicated 
that the number of  lines crossed within 10 minutes by 
animals in the DZP group was significantly different from 
the saline group (P<0.01), and this difference became 
more significant after this period of  time (P<0.001). At 
15 minutes, there was a significant difference between 
the number of  lines crossed in 70 and 350 µg/animal 
LMWC-Pp groups compared to the saline group 
(P<0.05); after this period, the number of  lines crossed 
by animals in the saline group was significantly different 
from 70 (P<0.01), 210, and 350 µg/ animal LMWC-Pp 
groups (P<0.05).

DISCUSSION

Arthropod venoms have attracted interest from 
researchers because they represent a source of  neuroactive 
compounds that can be useful tools in neuroscience and 
pharmacological investigations,[37] and, particularly, in 
this study, the low-molecular-weight compounds from 

Figure 1: Anticonvulsant effect of low-molecular-weight compounds 
from the venom of Polybia paulista against score 6 PTZ-induced 
seizures. All data were subjected to Chi-square test. ED50 values were 
calculated by the Probit method

Figure  2: Latency to PTZ-induced seizure onset in control and 
experimental groups. Values represent means, with error bars denoting 
SEM. All data were subjected to one-way analysis of variance (ANOVA) 
followed by Tukey as a post-test. **P<0.01 and ***P<0.001 compared 
to saline group; ##P<0.01 and ###P<0.001 compared to DZP group; 
and +P<0.05 and +++P<0.001 compared to LMWC-Pp 70  µg/animal 
dose group
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the venom of  P. paulista presented relevant anxiolytic and 
anticonvulsant activities.

In the present work, the low-molecular-weight compounds 
from the venom of  the wasp P.  paulista exerted an 
anticonvulsant effect in the bioassays with the 350 µg/ animal 
dose group, in which 60% of  animals were protected from 
score 6 PTZ-induced seizures. This effect was also found in 

a study with crude denatured venom of  Polybia occidentalis,[32] 
in which the authors observed protection from seizures 
induced by four distinct convulsants: bicuculline, picrotoxin, 
kainic acid, and PTZ, although protection against the latter 
was less effective. Another study[31] demonstrated similar 
effects of  the denatured venom of  Polybia ignobilis, with 
protection being observed from seizures induced by the 
same convulsants cited above, except PTZ. Compounds 
with anticonvulsant activity were found also in venom from 
other arthropods such as spiders.[38,39]

Also, with regard to anticonvulsant activity, the obtained 
ED50 was 314.75±0.08 µg/animal. Interestingly, in the 
study with crude denatured venom of  P. occidentalis cited 
above,[32] the ED50 was 315 µg/animal. Finally, a dose-
dependent increase was found in the latency to onset of  
PTZ-induced seizures, which was also observed in the work 
with P. occidentalis mentioned above.[32]

Interestingly, the PTZ test has been employed to evaluate 
compounds during initial screening to discover the 
potential of  the test material against myoclonic seizures 
and absence of  seizures,[40,41] in which active compounds 
may raise the seizure threshold for excitation in the neural 
tissues and thereby suppress seizure activity.[42] Thus, 
the LMWC-Pp probably contains compounds that are 
effective in the treatment of  myoclonic seizures. Since 

Figure 4: Head dipping behavior of the animals in the EPM. Values 
represent means, with error bars denoting SEM. All data were subjected 
to one-way analysis of variance (ANOVA) followed by Tukey as a post-
test. #P<0.05 compared to PTZ

Figure 3: Effects of different doses of the LMWC-Pp on anxiety-related parameters in the Elevated Plus Maze (EPM). Time spent by animals 
in open arms (a) and in the closed arms (b) of the EPM. Number of entries in the open arms (c) and in the closed arms (d). Values represent 
means, with error bars denoting SEM. All data were subjected to one-way analysis of variance (ANOVA) followed by Tukey as a post-test. *P<0.05 
compared to saline; #P<0.05 and ##P<0.01 compared to PTZ
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PTZ-induced seizures can be blocked by either drugs that 
reduce the t-type calcium currents or drugs that enhance 
GABAA receptor-mediated inhibition,[43] it can be suggested 
that the ultrafiltrate compounds, consisting mainly of  
peptides, tested in the present work, may be acting on 
these mechanisms.

In this study, the EPM was also used to induce anxiety 
in animals, which are exposed to etiological aversive 
situations. [44] The EPM model is based on the innate fear 
of  rodents for open spaces and heights, which is one of  
the factors that generate anxiety.[45] The most important 
parameters in evaluating the anxiolytic activity of  the drug 
under study are the time spent on and the number of  entries 
into the open arms.[44]

Benzodiazepines, such as DZP, have been used in the 
treatment of  epilepsy and anxiety, but side effects, such as 
tolerance and sedation, are limitations that have restricted 
their use.[46] Meanwhile, in experimental models, PTZ is 
commonly administered as a convulsant or anxiogenic 
agent; its effect depends on the dose injected, and DZP 
can provide protection from seizures induced by PTZ.[47] 
In the bioassays of  anxiolytic activity, only the highest 
dose of  LMWC-Pp, 350 µg/animal, reduced the anxiety 
in the animals significantly compared to the saline group. 
Similar results were obtained in other studies, in which 
anxiolytic activity was demonstrated with the EPM model 
in compounds isolated from spider venom, although in 
this case the effect was dose-dependent.[38]

Another parameter used to assess anxiolytic activity is 
behavior which can be interpreted as assessing the potential 
risk involved in a situation: head dipping.[48] As can be 
seen in Figure 4, the highest dose of  LMWC-Pp led to 
a significant increase in head dipping compared to PTZ 
given alone, with this increase being larger than that in the 
DZP group, suggesting the presence of  a component with 
anxiolytic activity in this venom. Regarding the number 
of  entries in the closed arms, there was no significant 

difference between the groups, which is quite interesting 
since some studies have shown that the frequency of  closed 
arm entries may be an indicator of  a change in overall 
motor activity.[38,48] Therefore, these results suggest that the 
anxiolytic compound present in the LMWC-Pp possesses 
minimal side effects.

The evaluation of  behavioral effects demonstrated no 
significant differences between the doses of  LMWC-
Pp and saline groups in time spent in exploratory and 
immobility behaviors. However, in the study with crude 
denatured venom of  P.  occidentalis[32] cited above, the 
authors found a significant, dose-dependent increase in 
the time spent in immobility behavior and a decrease 
in the time spent in exploratory behavior. In the study 
with P.  ignobilis[31] also mentioned above, the authors 
again found significant differences in immobility and 
exploratory behaviors, although these were not dose-
dependent.

The number of  lines crossed by the animals in the open-
field arena provides evidence of  changes in spontaneous 
locomotor activity. It was observed that the different 
doses of  LMWC-Pp significantly reduced, in a manner 
independent of  dose, the number of  lines crossed by the 
animals, although this effect was moderate when compared 
to the DZP group. Other authors have also demonstrated 
this effect of  wasp venom on spontaneous locomotor 
activity, with reports suggesting it to be dependent[32] or 
independent[31] of  the dose.

The results of  this study demonstrated that the low-
molecular-weight compounds isolated from the venom 
of  P. paulista exerted anticonvulsant and anxiolytic effects. 
The DZP treatment protected all animals from PTZ-
induced seizures, but caused significant sedation. By 
contrast, the experimental groups presented only a trend 
toward sedation, although only the highest dose offered 
substantial protection from seizures. These activities have 
been observed in other Polybia species and reveal the great 

Figure 5: Time spent by animals in exploratory (A) and immobility (B) behaviors (C) Accumulated number of lines crossed by the animals in the 
arena in 30 minutes. values represent means, with error bars denoting SEM. Data for a and b were subjected to one-way analysis of variance 
(ANOVA) followed by Tukey as a post-test, while data for c were subjected to two-way analysis of variance (MANOVA) followed by Bonferroni as 
a post-test. *P<0.05, **P<0.01 and ***P<0.001 compared to saline. (a) DZP, (b) 70µg/animal, (c) 210µg/animal, and (d) 350µg/animal
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potential for the study of  anticonvulsant and anxiolytic 
compounds isolated from social wasps’ venom.

Studies on the application of  wasp venom in the treatment 
of  anxiety and epilepsy are scarce. The results obtained 
indicate that wasp venom and its components are promising 
tools for experimental pharmacology, and further studies 
will be conducted in order to improve understanding of  
their effects and exploit their potential.
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