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Arthropod venoms are potential sources of neuroactive substances, providing new tools for the design of
drugs. The aim of this study was to evaluate the effects of Dinoponera quadriceps venom (DqV) on seizure
models in mice induced by pentylenetetrazole (PTZ), pilocarpine, and strychnine. In the PTZ model, intra-
peritoneal treatment with DqV (0.5 mg/kg) increased the time until the first seizure and the percentage of
survival (155.4 ± 27.7 s/12.5%, p < 0.05) compared to the control group (79.75 ± 3.97 s/0%), whereas endo-
venous treatment (0.1 and 0.5 mg/kg) decreased the time until the first seizure (0.1 mg/kg: 77.83 ± 5.3 s
versus 101.0 ± 3.3 s in the control group; 0.5 mg/kg: 74.43 ± 3.9 s versus 101.0 ± 3.3 s for the control
group, p < 0.05). We did not observe significant changes in the pilocarpine- and strychnine-induced sei-
zure models. In assays that measured oxidative parameters in the PTZ model, intraperitoneal treatment
with DqV (0.5 and 2.0 mg/kg) only decreased the levels of MDA and nitrite in the cortex. However, endo-
venous treatment with DqV (0.1 and 0.5 mg/kg) increased the levels of MDA in the cortex and hippocam-
pus and at a dose of 0.5 mg/kg in the striatum. Moreover, increased in nitrite content was observed in all
three of the brain regions analyzed. Taken together, the D. quadriceps venom caused both neuroprotective
and neurotoxic effects in a PTZ-induced seizure model, and this effect was dependent on the route of
administration used.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Epilepsy affects approximately 50 million people worldwide
(Kramer and Cash, 2012) and is defined as a chronic disorder of
the brain that is characterized by spontaneous and recurrent seizure
activity, which is triggered by the abnormal discharge of neurons
(Löscher, 1998; Tunnicliff, 1996). Treatment of this neurological dis-
order deserves special attention. Although anticonvulsant drugs
have proven their efficacy, their use has demonstrated considerable
side-effects. Furthermore, patients suffer from intractable
conditions related to the type of crisis, drug resistance or other
factors. Thus, there is a need for the development of new alternative
therapeutic tools.

Animal venoms are sources of bioactive substances with bio-
technological potential (Escoubas and King, 2009; Magalhães
et al., 2007; Sanchez and Swenson, 2007). Their active molecules
have structures with broad chemical diversity, biochemical speci-
ficity, and other molecular properties, that make them favorable
as substances that lead to discovery of new drugs (Altmann,
2001; Clardy and Walsh, 2004). Brazil exhibits great biological
diversity due to its varied climatic and geographical features, pre-
senting a broad field for the study of products derived from its fau-
na and flora.

Previously, a variety of toxins derived from arthropods were
isolated and purified and have been shown to be a source of
neuroactive substances (Beleboni et al., 2004; Oliveira et al.,
2005; Pizzo et al., 2000). The venom of the species of the Hyme-
noptera order (wasp, bees and ants) consists of a complex mixture
of proteins, peptides and other compounds (Santos et al., 2011)
that act on ion channels and receptors or that function via
neurotransmitter release (Carneiro et al., 2003; Pizzo et al., 2004;
Yokota et al., 2001). These properties provide new tools for the
therapeutic design of novel drugs.

The Dinoponera quadriceps ant (Hymenoptera, Formicidae) is
distributed in northeastern Brazil. Paiva and Brandão, 1995. Until
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the present moment, the biological effects of D. quadriceps ve-
nom (DqV) are poorly known and exist only one study demon-
strating their antinociceptive property (Souza et al., 2012). In
respect to studies on the central nervous system, the wasps
are the best studied species of Hymenoptera order. Cunha
et al. (2005) observed that the denatured venom of the wasp
Polybia ignobilis exhibits anticonvulsant activity in some animal
models and contains components that are capable of interacting
with GABA and glutamate receptors in synaptosomes in the rat
cortex. Furthermore, other venom of Hymenoptera order, ex-
tracted from the social wasp Polybia occidentalis also deserves
particular attention due to its activity in experimental seizure
models. It has been shown to block seizures that have been
chemically induced by bicuculline, picrotoxin and kainic acid
(Mortari et al., 2007).

The aim of this present study was to evaluate the effect of DqV
on chemically induced seizure models.
2. Materials and methods

2.1. Dinoponera quadriceps venom

Ant colonies were collected (IBAMA authorization No. 28794-1)
in ‘‘Serra de Maranguape’’ in Ceara State in Northeastern Brazil. The
ants were maintained at the Laboratory of Entomology at the State
University of Ceara. The venom was extracted using a capillary
tube and was lyophilized and maintained at �20 �C until further
use (Souza et al., 2012).
2.2. Animals

Male Swiss mice (28–33 g) were maintained at 27 ± 2 �C under
a 12/12 h light/dark cycle. Food and water were provided ad libi-
tum. These animals were used in the chemically induced seizure
models. This study was submitted and approved by the Ethics
Committee on Animal Research of the Federal University of Ceara
(No. 43/2011).
2.3. Drugs

All of the drugs were purchased from Sigma Chemical Co., USA.
The lyophilized DqV was diluted in phosphate-buffered saline
(PBS) and prepared for administration immediately prior to each
experimental assay.
2.4. Models of chemically induced seizures and behavioral assessment

Male Swiss mice were pretreated with DqV (0.5 or 2.0 mg/kg;
n = 6–8, i.p.) or (0.1 or 0.5 mg/kg, n = 6–8, e.v). Thirty or ten min-
utes after the i.p or e.v. administration, respectively, the seizures
were induced in the animals using pentylenetetrazole (PTZ)
(80 mg/kg, i.p.), pilocarpine (PILO) (400 mg/kg, i.p.) or strychnine
(STRC) (3.0 mg/kg, i.p.) (Aprison et al., 1987; Turski et al., 1983; Yil-
maz et al., 2007). The animals were placed in individual cages and
were observed for 30 or 60 min to assess the following behavioural
parameters (in seconds): latency to first seizure (elapsed time
before the first seizure), latency to death (elapsed time until the
death) and survival (number of dead animals). The seizure event
was characterized primarily by hindlimb extension and/or
uncoordinated jump (Turski et al., 1983; Aguiar et al., 2012). In
the control group for each seizure model, the animals were pre-
treated with vehicle only (PBS).
2.5. Measurement of oxidative stress parameters

The oxidative stress parameters were evaluated in the PTZ-in-
duced animal models because was only which showed significant
results on the behavioral assessment tests. Three brain areas (pre-
frontal cortex, hippocampus and striatum) were dissected after
behavioral assessment and were homogenized at 10% in sodium
phosphate buffer to determine the degree of lipid peroxidation.
2.5.1. Determination of lipid peroxidation levels
Lipid peroxide formation was analyzed by measuring thiobarbi-

turic acid reactive substances (TBARS), such as the levels of mal-
ondialdehyde (MDA). As previously described by Huong et al.
(1998), the homogenates were mixed with 35% perchloric acid
and centrifuged. After, 1.2% thiobarbituric acid was added to the
supernatants, and the samples were then heated in a boiling water
bath at 95 �C for 30 min. Finally, the MDA levels were determined
spectrophotometrically at an absorbance of 535 nm. In addition,
these same brain areas were dissected in animals that were treated
with vehicle only (PBS), in the absence of a seizure drug inducer
(basal level group). Previously, a standard MDA curve was gener-
ated using concentrations of 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78,
0.39, 0.195 and 0.97 lg/mL.
2.5.2. Determination of the nitrite content
The concentration of nitrite was measured as previously de-

scribed by Green et al. (1981). Griess reagent was added to a 96-
well plate together with the supernatants of homogenates. Its
absorbance was measured using a microplate reader at 560 nm.
In addition, the same brain areas in the animals treated with vehi-
cle only (PBS) were dissected in the absence of a seizure drug indu-
cer (basal level group). Previously, a standard curve of nitrite was
generated using concentrations of 100, 50, 25, 12.5, 6.25, 3.12
and 1.56 nmol/mL.
2.6. Statistical analysis

The data were expressed as the mean ± SEM. For the statistical
analysis of the first seizure latency and the mean time of death, a
one-way analysis of variance (ANOVA) was performed followed
by a Student Newman–Keuls post hoc test. Probability (P) values
less than 0.05 were considered significant. A statistical evaluation
of the survival curve using the Logrank (Mantel–Cox) test was sep-
arately performed with comparisons of the drugs curves vs. control
curves.
3. Results

3.1. Effects of the Dinoponera quadriceps venom on chemically
induced seizures and behavioral assessment

In the behavioral analysis, pretreatment with DqV (0.5 mg/kg;
i.p.) in a PTZ-induced seizure model significantly increased the
time until the first seizure and the survival percentage (Table 1).
No significant alterations in the pilocarpine- and strychnine-in-
duced models were observed (Table 1).

When the mice were pretreated with DqV (0.1 and 0.5 mg/kg;
e.v.) in the PTZ-induced seizure model, there was a significant
reduction in the time until the first seizure (Table 2). No significant
changes in the survival percentage and time until death in the PTZ-
induced, pilocarpine-induced and strychnine-induced seizure
models were observed (Table 2).



Table 1
The effects of the Dinoponera quadriceps venom (DqV; intraperitoneally route) on the latency time until the first seizure (LTFS – in seconds), latency to death (LD – in seconds) and
survival percentage (S) in seizure models induced by pentylenetetrazole, pilocarpine and strychnine.

Treatments groups Pentylenetetrazole Pilocarpine Strychnine

LTFS LD S (%) LTFS LD S (%) LTFS LD S (%)

Vehicle 79.75 ± 3,97 307.4 ± 36.52 0 478.4 ± 29.61 603.1 ± 28.73 0 163.7 ± 11.09 197.1 ± 28.2 0
DqV 0.5 mg/kg 155.4 ± 27.7* 444.3 ± 82.47 12.5# 464.4 ± 24.39 539.4 ± 32.24 0 156.3 ± 26.86 219.6 ± 43.21 0
DqV 2.0 mg/kg 107.2 ± 11.35 446.7 ± 139.5 0 444.6 ± 51.05 487.4 ± 56.96 0 174.8 ± 29.9 344.9 ± 56.13 0

The values are expressed as the mean ± SEM in 6–8 mice.
* p < 0.05 compared to the vehicle control group (one-way ANOVA followed by Newman–Keul’s test).

# p < 0.05 compared to the survival curve of the vehicle control group (Logrank (Mantel–Cox) test).

Table 2
The effects of the Dinoponera quadriceps venom (DqV; intravenously route) on the latency time until the first seizure (LTFS – in seconds), latency of death (LD – in seconds) and
survival percentage (S) in seizure models induced by pentylenetetrazole, pilocarpine and strychnine.

Treatments groups Pentylenetetrazole Pilocarpine Strychnine

LTFS LD S (%) LTFS LD S (%) LTFS LD S (%)

Vehicle 101.0 ± 3.31 306.9 ± 43.77 0 422.8 ± 56.86 498.3 ± 73.67 0 129.1 ± 6.48 150.6 ± 5.84 0
DqV 0.1 mg/kg 77.83 ± 5.27* 237.3 ± 36.82 0 410.0 ± 22.44 432.4 ± 22.22 0 121.1 ± 12.44 170.4 ± 18.05 0
DqV 0.5 mg/kg 74.43 ± 3.94* 267.1 ± 39.11 0 401.8 ± 19.27 424.9 ± 19.39 0 114.9 ± 6.69 169.5 ± 23.77 0

The values are expressed as the mean ± SEM in 6–8 mice.
* p < 0.05 compared to the vehicle control group (one-way ANOVA followed by Newman-Keul’s test).

Fig. 1. Effects of the Dinoponera quadriceps venom (DqV; intraperitoneal (a) or endovenous (b) route) on the degree of lipid peroxidation by measurement of the MDA levels in
the pentylenetetrazole-induced seizure model. These results are expressed as the means ± SEM. ⁄p < 0.05 compared to the vehicle group.

Fig. 2. Effects of the Dinoponera quadriceps venom (DqV; intraperitoneal (a) or endovenous (b) route) in the formation of radicals derived from nitrogen by the measurement
of the nitrite content in the pentylenetetrazole-induced seizure model. These results are expressed as the means ± SEM. ⁄p < 0.05 compared to the vehicle group.
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3.2. Effects on the measurement of oxidative stress parameters

Measurement of oxidative stress parameters was performed
only in model PTZ induced seizure assay after to observe changes
in behavior assessment.

Pretreatment with DqV (0.5 and 2.0 mg/kg; i.p.) decreased the
levels of MDA and nitrite content only in the prefrontal cortex of
the mice (Figs. 1a and 2a, respectively).

Furthermore, endovenous pretreatment with DqV (0.1 and
0.5 mg/kg) caused an increase in the levels of MDA in the prefron-
tal cortex and hippocampus, and DqV at a dose of 0.5 mg/kg in-
creased the levels of MDA in the striatum area (Fig. 1b).
Moreover, it was observed an increase in the nitrite content in
the prefrontal cortex, hippocampal and striatal areas (Fig. 2b).
4. Discussion

Several experimental animal models have been used in pharma-
cological screenings to identify anticonvulsant drugs. It was used
in this study PTZ, pilocarpine and strychnine-induced seizure mod-
els. PTZ is a non-competitive antagonist of GABAA receptors, which
act closing Cl� channels, thereby reducing the inhibitory neuro-
transmission mediated by GABA (Qu et al., 2005; Silva et al.,
1998). The blockade of the onset of seizures induced by pilocarpine
may be achieved by anti-cholinergic drugs, suggesting that activa-
tion of the muscarinic cholinergic receptor contributes to the initi-
ation of seizures (Freitas and Tomé, 2010). Strychnine acts as a
competitive antagonist of glycine, which reduces the inhibitory ef-
fects on the central nervous system (Kaputlu and Uzbay, 1997).

In our assessment of the effects of DqV in chemically induced
seizure models, we observed significant alterations in both behav-
ioral assessment assays and in the measurement of oxidative stress
parameters in a PTZ-induced seizure model, suggesting that the ef-
fects observed with DqV are probably unrelated to the cholinergic
or glycinergic pathways and may interfere with the PTZ binding
site, thereby affecting the modulation of chloride channels in
GABAA receptors. About this fact, has been reported that ant venom
of the same genera, Dinoponera australis contains modifiers of ion
channels (Hoffman, 2010; Johnson et al., 2010).

Interestingly, opposing effects of DqV activity were observed
when animals received the drug via i.p. administration versus
e.v. administration. We found that i.p. pretreatment with DqV re-
sulted in neuroprotective effects because the administration of ve-
nom increased the time until the first seizure and reduced the
oxidative stress parameters (the degree of lipid peroxidation and
the nitrite content). Conversely, e.v. pretreatment caused neuro-
toxic effects, as demonstrated by the reduction in the time until
the first seizure and an increase in the oxidative parameters ana-
lyzed. Thus, the venom probably acts by route-dependent modu-
lating the GABAA receptor.

On the basis of these data, we suggested that DqV may contain
both neuroprotective and neurotoxic components which act in fa-
vor of inhibitory neurotransmission as well as in the reduction of
this type of neurotransmission. Studies show that the venom of
other species of order Hymenoptera, the social wasp Agelaia vicina,
contains two peptides, AvTx 7 and AvTx 8, which act on both excit-
atory and inhibitory neurotransmission (Oliveira et al., 2005; Pizzo
et al., 2004).

These opposing effects also may be related to the presence of
high molecular weight components in the venom. These molecules
probably were presents in the blood circulation of the animal when
DqV was injected e.v., but absent when this venom was adminis-
tered via i.p. It was observed in other work that presence of high
molecular weight components may be related with deleterious ef-
fects in CNS, as showed by Cunha et al. (2005) that the denatured
venom of the P. ignobilis wasp produced anticonvulsant effects
compared with the toxic effects in the total venom. With this, we
can suggest that the neurotoxicity of DqV might be related to some
macromolecular components.

Enzymatic activation or inactivation may also be considered as
other hypothesis explaining to the opposing effects of DqV caused
by these two administration routes. When DqV was injected e.v.,
enzymatic inactivation of a neuroprotective component may have
occurred. Alternatively, in the absence of the inactivation of these
components, the neurotoxic components may be primed and pres-
ent at sufficient concentrations to exert harmful effects. However,
this did not occur when the DqV was administered by intraperito-
neal route.

Other important event involved in convulsive processes is the
occurrence of oxidative stress (Ashrafi et al., 2007; Migliore et al.,
2005; Perry et al., 2002). Lipid peroxidation has been reported to
contribute to the deficient function of the lipid membrane during
epileptogenesis, and the determination of MDA levels can be used
as a marker of this event. Metabolites of nitric oxide (NO) have
been implicated in the development of oxygen toxicity in the
CNS. Increase in the extracellular concentration of NO is closely re-
lated to an increase in the cerebral blood flow, which precedes the
appearance of electrical discharges (Demchenko et al., 2001; Sato
et al., 2001), moreover NO can react with superoxide radicals form-
ing peroxynitrite, which is a potent inducer of cell death.

The antioxidant agents may be a useful tool for attenuating the
oxidative damage involved in seizure events. The measurement of
the oxidative stress parameters suggest that the DqV may contain
molecules that can positively or negatively interfere with the cel-
lular oxidant/antioxidant mechanisms involved in a PTZ-induced
seizure.

Interestingly, while neuroprotective effects were only observed
in the prefrontal cortex in mice, neurotoxic effects occurred in
three of the analyzed brain areas. Thus, a possible component with
antioxidants properties may have an affinity for a specific brain
structure, which is only present in the prefrontal cortex.

In conclusion, DqV caused both neuroprotective and neurotoxic
effects in a PTZ-induced seizures model, and these effects were
dependent on the route of drug administration. These findings con-
tribute to the expansion of knowledge of the biological effects of
the D. quadriceps ant venom. The results presented in this study
are the first demonstration of the effect of DqV in seizures animal
models.
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