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Abstract: In this study we have investigated hemolytic, edematogemc and neurotoxic effects of the crude
venoms of three Polybia species; P. occidentalis, P. paulista and P. igrobilis. In addition, protein contents
and dry weights of these wasp’s venom reservoirs have also been compared. P. igrobilis presented the highest
protein content and highest dry weight per venom reservoir. When injected in the hind paw of rats relatively
to the other two, it evoked a stronger edematogenic effect. The venom of P. paulista showed the most potent
hemolytic activity on human washed red blood cells. When tested on the erythrocytes of different species
(rat, pigeon, ox, sheep, snake and horse), the three venoms showed marked differences in hemolytic activity
according to the blood species. However, this variability appeared to be similar for the three venoms. Moreover,
the mtracerebroventricular mjection of each of all three venoms caused tonic clonic seizures and death to
rats. Present data suggest that although the three species are closely phylogenetic related, there must be
pharmacological differences among the venom compounds that should be better investigated.
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INTRODUCTION

Hymenoptera venoms are complex mixtures of active
substances with multiple sites of action and general
biological biological activity of
Hymenoptera venoms can be classified as neurotoxic,
hemolytic, digestive, hemorrhagic and allergemc and can
be caused by a variety of chemical classes of compounds

concern’"?.  The

mcluding proteins, peptides, biogenic amines and amino
acids®™1.

Tt is believed that the toxicity of the Vespinae and
Polistinae venoms 1s partially due to their enzymatic
content, which may include phospholipases A and B,
hyaluronidases, acid phosphatases, proteases and
nucleotidases with several possible functions'™*. Besides
such enzymes, small peptides, like kinins and mastoparans
also account for the allergemic, cytotoxic and inflammatory
effects of wasp stings, shown to be lethal to certain
individuals'™. Also, it has been shown that multiple
stings can provoke neurotoxic effects such as: lesions on
peripheral and central nervous systems, neuritis or
encephalitis"”.

The genus Polybia 1s commonly found in American
Neo-tropical areas and contains 56 species!'!. Polybia
nests usually present a cellulose-like aspect, which led
them to be commonly referred to as paper wasps. Some of
these wasps are used as biological control of plagues in
South American crops, where this use is based upon
findings that some Polybia wasps are predators of
plagues insects, such as ants, termites, hemipterans and
lepidopterans [,

In a comparative study it was verified that the
chromatographic profiles obtained by high-performance
gel filtration of the venoms of P. paulista, P. occidentalis
and P. ignobilis, showed 13 peaks, with recognizable
differences between each species studied'”. Some of the
components of P. paulista venom were further identified
and named polybitoxins 1-4. They are phospholipases
showing potent hemolytic effects’™. The toxin contents
of the venoms of the two other wasp species remain
unknown and their toxic effects have not been assayed.
Therefore, the aim of the present study was to
compare the toxicity of P. paulista, P. occidentalis
and P. ignobilis on mammalian nervous tissue, on the
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Table 1: 1.Dy; and proteic content of the venoms of P. ignobilis, P. occidentalls and P. paiista

mg protein/ venom Diry wt. of venom LDy (i.c.v) LDs (icv)
Species reservoir per worker (mg) (mg protein/rat) (reservoir/rat)
P. ignobilis 0.044 0.045 0.079 1.80
P. accidentalis 0.017 0.029 0.061 3.60
P. palista 0.031 0.035 0111 3.36

Data are expressed as mg protein‘reservoir. Lethal dose (1.Dsy) for 5096 of the animals injected via the intracerebroventricular (i.c.v.) route. Data are expressed

as mg protein'rat and reservoir/rat

Table 2: Hemolytic effects of the venoms of P. igrobilis, P. paulista and P. occidentalis

Hemolysis (%)

P. padista P. ignobilis P. accidentalis

Species of

ervthrocytes EDy EDon EDy EDyo EDs EDqn
Rat 84+10.5 100+9.9 B80+9.5 100+9.4 91+9.0 100+£0.0
Pigeon 8+0.3 11+0.3 9+0.2 13£0.6 8+0.8 9+0.8
Ox 1.8+0.4 2.5+0.2 2.0+0.3 2.2+0.2 1.1£0.6 2.7+0.4
Sheep 10£2.9 11£2.5 10.2+2.8 10+£2.3 10£2.5 11+£2.4
Snake 0.0£0.2 1.4+0.0 0.6+0.3 0.7£0.2 0.7+0.2 0.9+0.5
Horse 2.7+£0.2 3711 2.5+0.7 4.3£2.2 1.7£0.3 2.5+0.5

Data are expressed as %6 of hemolysis in relation to controls containing blood samples of each animal, incubated in 15 mM saline
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Fig. 1: Hemolysis of human red blood cells meubated with
the venoms of P. igrobilis (a), P. occidentalis (b)
and P. paulista (c) for 60 mm at 37°C. Data are
expressed as % hemolysis+SEM for each venom
concentration as measured by one-way ANOVA.
* p<0.05

a 30 mm period of agitation. During the high activity
period a defensive-like behavior, characterized by wild
running, was observed in some of the animals. After
approximately 60 min the animals showed a 20 min
period of generalized tomc clonic seizures followed by
status epilepticus and death. Although the number of
dead animals varied with dose, neither the magnitude of
the seizures, nor the periods of latency until their onset,
was affected by the four doses tested.

The LD;;'s of the three wasp venoms, as well as their
protein contents/worker are shown on Table 1.

Hemolysis: Figure 1 shows that the three venoms had
hemolytic activity i human bloed cells in vitro, the
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venom of P. paulista apparently being the most potent
among them. ED,;‘s were 0.01, 0.006 and 0.01 mg protein
for, respectively, PoCv, PpCv and PiCv; ED,; ‘s were
0.020, 0.020 and 0.040 mg of protein in the same order,
respectively.

Table 2 shows the different hemolytic effects of ED,
and ED,,,of PoCv, PpCv and PiCv on blood samples from
different species. Listed in order of their sensitivity to
the venoms, the species responded as follows:
rat>human>sheep>pigeon>horse=ox>snake. The three
venoms showed marked differences in hemolytic activity
according to the species yielding the blood. However, this
variability appeared to be similar for the three venoms,
each venom showing the lhighest effectiveness for rat
blocd.

Rat paw edema: Figure 2A shows that the lowest dose of
PoCv tested evoked edema within the first five min
following injection; this response was not different from
that produced by the highest dose of the venom tested.
It gradually decreased from 10 min on, until the end of the
experiment. The ijections of 0.02 and 0.04 mg of PoCv,
caused the same maximal edema response.

Figure 2B shows that each dose of PiCv induced an
edema of smmilar extent within 30 mm following
application; after tlus period, responses increased
according to the dose applied. The edema induced by the
highest dose increased from 30 min on, until the end of
the experiment, when a sigmificant difference among the
effects of the three doses was noted.

Figure 2C shows that the injection of three
increasingly higher doses of PpCv induced the same paw
swelling within the first 5 min. The effects of the lowest
dose did not change from 5 min until the end of the
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Fig. 2. Edematogenic effects of subplantar injections of
three doses of the venoms of P. occidentalis (A),
P. ignobilis (B) and P. paulista (c) followed over
an interval of 0 to 60 min. Data are expressed as
percentages of paw edema compared to control
paws injected with saline. (®, a) 0.04, (®,b) 0.02
and (4, ¢) 0.01 mg of protein. Data were analyzed
with repeated measures ANOVA, * p<0.05

experiment. The two highest doses of this venom induced
similar results during the whole experiment.

Figures 2A-C shows that a maximal edema response
was verified 40 min following the injections of the
venoms. At this period, PiCv was more potent than
the other two venoms, when tested at the lowest dose
(0.01 mg).
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DISCUSSION

The first record of human death attributed to
envenomation by wasp or homet sting was that of King
Menes of Egypt in the 26th century B.C.""\. As wasp
venoms contain several biologically active substances
and responses to these toxins are usually confounded
with immune system disorders, it 1s particularly difficult
to assess venom toxicity™. However, studies on the
biological activity of crude Hymenoptera venoms are
particularly interesting to establish venom induced
toxicity to humans as well as other arumals.

Polistinae venoms have been only recently studied,
among their few characterized toxins, are the
phospholipase agelotoxins, probably the most potent
hemolysins found in animal venoms™. Also, previous
work had described the polybitoxins from P. paulista
venom, which are more potent phospholipases than those
of the venom from the honeybee (Apis mellifera) and the
Naja naja atra and Naja nigricolis snakes!™.

The present results demonstrate that the three
Polybia  venoms have potent hemolytic activity,
P. paulista venom having the highest cytotoxic activity
on washed human red blood cells. The hemolytic
activities of the three Polybia venoms were higher than
those of the wasps from genera Vespula and Vespal'l
Half a mg of the proteins from the venoms of
Vespula germanica, Vespula vulgaris and Vespa crabro
lysed only 2% of human erythrocytes. However, crude
A. mellifera venom lysed 100% of human red blood cells
at a concentration of less than 0.01 mg of venom protein,
indicating that the honeybee venom 1s more potent than
the venoms of Polybia wasps!'l.

Erythrocytes from several different species were used
in our study in order to establish the degree of
effectiveness of the wasp venoms on red blood cells of
different animal species. The order of potency indicates
that Polybia venoms are more effective to lyse rat and
human blood and show almost no effectiveness to the
snake blood. Present data are in agreement with the
findings of Bernheimer and et al.*! who verified that the
venoms of wasps of the genera Vespa and Polistes have
their highest hemolytic activity on human and rat
blood cells.

The results obtained in the paw edema experiments
indicated that the edematogenic toxins of P. occidentalis
and P. paulista venoms were less potent than those of
Vespula vulgaris. Griesbacher et al™ injected 0.01 mg of
V. vulgaris venom into the hind paws of rats and
observed an increase of 40% in their volume compared
to saline injected paws. The same concentration of
P. dgrnobilis venom induced a 50% increase in paw
volume in our experiments.
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Neurotoxicity assays demonstrated that the three
wasps  could effects.
Approximately one hour after having been mjected with
lethal doses of venoms, rats presented generalized
tonic-clonic seizures with hind limb extension, apnea and
death. These effects apparently were due to high
molecular weight venom components, since ultrafiltration
(cut at 3000 Da), eliminated these proconvulsant effects
(unpublished data).

Finally, it should be noted that there existed a
comsiderable difference in the volume of wasp venom
reservoirs as well as m their protein contents. For
instance, in order to achieve the lysis of 100% red
blood cells, 2.3, 0.65 and 0.45 venom reservoirs of
P. occidentalis, P. paulista and P. ignobilis, respectively
had to be used. These differences should be extrapolated
to other bicassays and become particularly important for
the choice of which wasp species would be less toxic to
humans and other animals when employed for biological
control of plagues in agriculture.

Polybia wasps are widely used as natural pest
controls in Neotropical plantations of among others,
melons™!, oranges ™ tobacco™ and tomatoes "7 In the
field, wasps may reduce the damage caused by arthropod
plagues to crops by about 70%. In some cases the use of
traditional of
population explosion. The use of Polybia wasps as
biological controls also offers advantages regarding ease
of transportation and handling of their colonies. Thus
present data on the toxicity of the crude venoms of some
Polybia wasps, which have been in common use as
biological controls.

cause similar neurotoxic

insecticides 1s Trestricted to events
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