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1. Introduction

Animal toxin envenomations have medical as well as ecological significance. Toxin-producing
animals are categorized under either venomous group or poisonous group. Venomous animals
are capable of producing and delivering the toxin during a biting or stinging act whereas
poisonous animals are those whose tissues, either in whole or in part, are toxic. [1] About 75%
of the world’s animal species are arthropods—a few of which have appreciable interaction
with humans and is capable of causing significant medical problems. [2] Hymenopterous
insects, snakes and spiders are the three animal groups most often responsible for human
deaths attributable to venomous animals. [1] However, the evolution of venom in these
animals has its own purpose of balancing the ecosystem and maintaining its position in the
food chain. Hymenoptera is an insect order under phylum arthropoda. It is the third largest
of all insect order, and perhaps the most beneficial to humans. The order Hymenoptera
comprises approximately 115,000 described species which includes wasps, bees, ants, ichneu-
mons, calchids, sawflies etc. Collectively, the Hymenoptera are most important to humans as
pollinators of wild and cultivated flowering plants, as parasites of destructive insects and as
makers of honey and beeswax. Nonetheless, the order poses significant public health concern
as well. [3] The three medically important group of stinging insect of the order Hymenoptera
belong to the families of Apidae (bees), Vespidae (paper wasps, hornets and yellow jackets,
commonly referred as wasps) and Formicidae (ants). [4] The sting from these social wasp
become clinically significant if the patient is allergic to Hymenoptera venom or if the patient
isexposed to large quantity of the venom due to massive or multiple stings. Most deaths related
to wasp stings are the result of immediate hypersensitivity reactions causing anaphylaxis. A
single sting is sufficient to cause fatal anaphylaxis in hypersensitive patients. Massive enve-
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nomation can, likewise, cause death in non-allergic individuals, probably due to the toxic
effects of the venom. A wide range of clinical sequelae is observed during wasp stings—from
simple allergic skin manifestations to severe systemic reactions and toxic reactions leading to
death. [5] Wasps, being highly diverse insects, are solitary or social, parasitic or predatory,
phytophagous or carnivorous or omnivorous.
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Figure 1. Taxonomy of Hymenoptera and cross reactivity of their venoms.

2. Epidemiology of stings

The insect order Hymenoptera is established on every continent except Antarctica. [6] In
countries with predominantly moderate climate, they are presentin the environment foralarger
part of the year. [7] The season for wasp starts from spring and lasts till early fall. The stinging
incidentsarehigh duringlate summer and early fall with thenumbersreaching a peakin August.
[5] Various environmental factors such as temperature, humidity, solar radiation, rainfall and
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wind speed influences the wasp activity. Activities occurred at all temperatures above 7°C and
below 41°C with maximum activity occurring between 20 —35°C. [8]

The epidemiology of hymenopteran stings occur often throughout the world; more prevalent
in adult males involved in outdoor occupations or hobbies. Among the hymenopterans, the
sting is more often from vespids, particularly paper wasps and yellow jackets (not hornets),
than apids, such as bumblebees and honeybees. [9] Single stinging events usually occurs when
large number of hungry wasps are attracted to the food of humans eating outdoor or if it is
accidentally stepped on, swatted or otherwise disturbed. In contrast, mass stinging events
occur when wasps respond to a human intruder as a threat to their colony, for example, when
someone inadvertently stumbles into a colony or otherwise disturbs their hives by throwing
rocks at or shooting at or chopping a tree containing the colony. [10] Many times the incident
takes place when the adults set fire on the colony to collect the larva which is considered very
nutritious. Such practice is very common in the countryside.

Limited and under-estimated data exist on the epidemiology of hymenopteran stings.
Depending upon the climate, 56.5—-94.5 % of the general adult population remember receiving
hymenoptera sting at least once in his life. The prevalence of sensitization, which is indicated
by a positive skin test and/or detection of specific IgE in patients with no previous case history,
is estimated between 9.3 -28.7 % in adults. The prevalence of large local reactions in the general
population ranges from 2.4 — 26.4 %, up to 38 % in beekeepers. European epidemiological
studies reports a prevalence of systemic reactions between 0.3 — 7.5 % among the adults
whereas in the USA, the prevalence ranges form 0.5 — 3.3%. [7,11]

3. Components present in the wasp venom: Classification, list, structure
and function

Wasp venom components are generally categorized as: a) high molecular weight proteins that
includes phospholipases, hyaluronidases, antigen 5 etc.; b) low molecular weight peptides that
includes mastoparans, wasp kinins and chemotactic peptides, and c) bioactive molecules such
as histamine, serotonin, catecholamines, acetylcholine, tyramine etc..

Vespid venom is more variable in their composition among the species, different to that of
apid (bee) venom. They are complex mixture of powerful allergens and pharmacologically
active compounds, primarily made up of proteins. The vespid venom contains three major
proteins that act as allergens and a wide variety of vasoactive amines and peptides. The
important allergens are antigen 5, phospholipases and hyaluronidase. Antigen 5 is the major
allergen in all vespid venom and has been most thoroughly studied among the others. [4] Two
additional proteins, Vmac 1 and Vmac 3 from V. maculifrons, with allergenic activity have been
described, but are incompletely characterized. [4, 12] Similarly, serine-protease has been
identified as an important allergen for vespid-allergic individuals in European Polistes [13,
14] venom and dipeptidylpeptidase IV [15] and vitellogenin [16] in V. vulgaris venom. The
vasoactive amines in vespid venom includes serotonin, histamine, tyramine and catechola-
mines. Wasp kinins and mastoparans are the peptides unique to vespid venom.
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3.1. Antigen 5

Animal tests have shown that antigen 5 is not a toxin. [17] It is a member of a conserved family
of proteins found in eukaryotes, including yeasts and have sequence identity with other
proteins of diverse origin and tissues, such as mammalian cystein-rich secretory proteins in
salivary and reproductive organs, secretory proteins of helminths produced during sexual
maturation, human brain tumor proteins, reptile venom, pathogensis-related proteins of
plants and fire ant venom. [17, 18] The mature antigen 5 from yellow jacket and hornet have
201 and 205 amino acids respectively, with several highly conserved regions. Almost all of the
sequence variations seen in hymenoptera antigen 5 were found on the surface. The highly cross
reactive groups within the genera have few changes. The antigen 5 homolog from ants do not
exhibit antigenic cross reactivity with those from vespid wasps due to the low degree of surface
conservation and changes in loop lengths. [18] However, in hyperimmune sera, occasionally,
antigenic cross reactivity has been observed between vespid antigen 5 and homologs from
other animals. [19]

3.2. Phospholipases

The wasp venom phospholipase (PL) belongs to a different superfamily than those of bee
venom phospholipase. Vespid wasp phospholipases have PLA B specificity and are members
of GX class lipase, lipoprotein lipase superfamily, pancreatic lipase homologous family and
RP2 sub-group of phospholipase. [18, 20] The PLs from vespid wasp venom usually do not
contain carbohydrate and have highly homologous regions surrounding the active sites. The
cross reactivities of the PLs generally follow the phylogeny: closely related species are highly
cross reactive and those that are further removed are less cross reactive.

phospholipase A,

phospholipase B‘\ ')
o) 1c:Hz—o—cl,l—R1
R, — (ll—{o—zcle o)
3C|)H2 —0— I|:|’—O — Polar head group
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phospholipase D

phospholipase C

Figure 2. Site of Phospholipase action.

The characterized PLs in vespid venom are PLA,, PLA, and PLB. The vespid venom PLs has
an offensive as well as defensive role. The venom is not only used as toxins for preyed insects,



Pharmacological and Immunological Properties of Wasp Venom
http://dx.doi.org/10.5772/57227

but also digests their cell wall components of diacylphospholipids such as phosphatidylcho-
line, phosphatidylserine and phosphatidylethanolamine to fatty acids and lysophospholipids
by the containing PLs. PLBs are more universally digestive enzymes than PLA; and PLA,,
which seems to be a kind of enzymatic adaptation of the carnivorous insects, i.e, vespids
against vegetarian insects, i.e, apids that contain only PLA, in the venom. Besides the enzy-
matic activity, PLBs also possesses the haemolytic activity and cardiotoxicity. [21]

Phospholipase A; (PLA,) is an enzyme that hydrolyzes ester bonds of phospholipids at the
sn-1 position and produces 2-acyl-lysophospholipids and fatty acids. Vespid-venom PLA;s
belong to the pancreatic lipase family and exhibit PLA, activities but do not show any lipase
activities. The tertiary structure of lipases have two surface loops, the lid and the 39 loop, which
covers the active site and are implicated in substrate recognition. The amino acid sequence
alignment of the pancreatic lipase family members (eg, phosphatidylserine-specific PLA; (PS-
PLA,), membrane-associated phosphatidic acid-selective PLA,; (mPA- PLA,), vespid PLA,,
hepatic lipase (HL), endothelial lipase (EL), pancreatic lipase, and pancreatic lipase-related
protein 2 (PLRP2)) revealed two molecular characteristics of PLA;s: first, lipase members
exhibiting PLA, activity have short lids; and second, lipase members exhibiting only PLA,
activity have short 9 loops. Thus, pancreatic lipase and LPL which exclusively exhibit
triacylglycerol lipase activity have long lids and long (39 loops, while PS- PLA;, mPA-PLA,,
vespid PLA; which only shows PLA, activity have both short lids and short 39 loops whereas
EL and PLRP2 which exhibit both PLA, and triacylglycerol lipase activity have short lids but
intact 39 loops [22, 23] PLA,, thus, possess direct cytolytic effects, besides their role in allergic
and inflammatory processes.

PLA, catalyzes the specific hydrolysis of ester bonds at the sn-2 position of 1,2-diacyl-3-sn-
glycerophospholipids into their corresponding lyso compounds with release of free fatty acids.
Thus, it is able to disrupt the phospholipid packings from several types of biological mem-
branes leading to pore formation and/or cell lysis. [20, 24] Vespid PLA, has very potent
cytolytic actions.

3.3. Hyaluronidase

Hyaluronidases (Hyal) are a widely distributed glycoside hydrolases that cleaves (-1,4-
glycosidic bonds between N-acetylglucosamine and D-glucuronic acid of hyaluronic acid
(HA) [14], one of the primary components of the extracellular matrix in all the vertebrates.
They are also present in almost all venoms, acting as a “spreading factor” by facilitating the
penetration of the other harmful venom components and enhancing their action in various
tissues into the bloodstream. They are the “allergenic factors” in vespid and apid venom and
are able to induce severe and fatal anaphylactic IgE-mediated reactions in humans. [25] They
are the phylogenetically most strongly conserved Hymenoptera allergens. Sequence homolo-
gies between Vespula and Dolichovespula species hyaluronidases are 90% or greater, whereas
those for antigen 5 and PLA, are only around 60% to 65%. In agreement with this, immunologic
cross-reactivity between different vespid genera is strong with hyaluronidases but more
restricted with antigen 5 and PLA . Vespid hyaluronidases are significantly similar with honey
bee hyaluronidase which shows 50% sequence homology with vespid homologs Ves v 2, Ves
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g 2 and Dol m 2. In accordance with this, hyaluronidases have been identified in inhibition
studies using patients’ sera as the most important cross reactive allergens in yellow jacket and
honeybee venom. [14]

Hyaluronidase of wasp venom is an allergen. The asparagine-linked carbohydrate often
appears to constitute the common IgE-binding determinant. Irrespective of the nature of the
protein, protein-linked glycans can bind IgE, which turns many proteins, especially those of
higher molecular mass, into apparent allergens. Hyaluronidase is the dominating glycoprotein
in the wasp venom and contains a-1,3-fucose-containing N-glycan which is responsible for
allergenicity. The cross-species survey performed by Kolarich et al shows that venom from six
wasp species (V. vulgaris, V. germanica, V. flavopilosa, V. maculifrons, V. pensylvanica and V.
squamosa) contained the difucosylated paucimannosidic N-glycans MUF’F® and MMEF?F¢ as the
major glycan structures. [26] The allergic response is initiated by the epitope that cross-links
the Fc-receptor-bound IgE antibodies on the surface of mast cells. This is followed by rupture
of mast cell membrane and the release of stored mediators, such as histamine, which are
responsible for the immediate type hypersensitivity reaction. [27]

Hyaluronidases, on the basis of mechanism of action, are classified into three classes: a) the
group of endo-f-N-acetyl-D-hexosaminidases that hydrolyse the high molecular weight
substrate (HA) to tetrasaccharide as the main end product, represented by the testicular
enzymes; b) the -endoglucuronidases group represented by hyaluronidases from leeches and
hookworm, and; c) the group of lyases that act via 3-elimination, yielding disaccharides as the
main products represented by the bacterial hyaluronidases. The enzymes of the first class also
catalyses transglycolation reactions, producing hexa-, di- and octa- saccharides during
hydrolysis of HA. Hymenoptera venom hyaluronidases belong to the first class. Unlike the
latter two classes of hyaluronidases, this first class acts not only on HA, but also on chondroitin
4-sulfate and chondroitin 6-sulfate. [25]

endo—f}—N-acetyl-D-hexosaminidases
p—endoglucuronidases HA Lyases
COO— CH,0OH COO™ CH,OH

H OH @) H NHCOCH, H OH O H NHCOCH,

D—Glucuronate N—Acetyl-D—glucosamine

Figure 3. Hyaluronic Acid and Site of Action of Different Hyaluronidases.
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3.4. Mastoparan

Mastoparans are low molecular weight peptides, generally tetradecapeptides, extracted from
the venom sac of social wasps that act in the defense system of these insects. They are rich in
hydrophobic and basic residues which are distributed in the peptide chain in such a way that,
in adequate environment, they form amphipathic helical structures [28] which favours
electrostatic interactions with the negatively charged phospholipid head groups of the
biological membranes. This characteristic may lead to peptide insertion into the membrane
bilayer and thus interact directly with G proteins on the cytoplasmic face attacking the
transmembrane signalling [29] and sometimes to membrane destabilization with its conse-
quent lysis. [30, 31] These peptides, thus, present important biological activities such as
antimicrobial, mast cell degranulation, haemolytic activities, [28] activation of G-protein
mediated mechanisms, stimulation of phospholipase A,, C and D, mobilization of Ca*" from
mitochondria and sarcoplasmic reticulum, activation of ryanodine receptor, modulation of
various enzymes, such as Na*-K*-ATPase of rat brain, induction of the mitochondrial perme-
ability transition and cell death by necrosis and apoptosis. [32]

Mastoparans are discovered in wasp venom in a screening test for mast cell degranulating
agents. They are also the potent stimulants of purified PLA, from different sources. They bind
to phospholipids making them the better substrates. They facilitate the PLA, of both venom
and victim, thereby promoting generation of arachidonic acid, the precursor of prostaglandins
and leukotrienes which are mediators of adverse reactions associated with immediate type
hypersensitivity. The high affinity binding of mastoparan to calmodulin has led to speculate
the role of the peptides in inhibition of calmodulin-mediated reactions. [33] Mastoparan is a
potent stimulator of exocytosis from diverse mammalian cells. It causes secretion of histamine
from mast cells, serotonin from platelets, catecholamines from chromaffin cells and prolactin
from the anterior pituitary. In case of histamine secretion, the effect of mastoparan is mediated
by an increase in cytoplasmic Ca?* that is itself caused by an increase in the intracellular second
messenger inositol-1,4,5-triphosphate (IP;). Such IP3-mediated increase of intracellular Ca** is
controlled at the level of phospholipase C (PLC) by one or more of a group of GTP-binding
regulatory proteins, or G proteins. [29] Mastoparan induced apoptosis or oncosis is initiated
by Ca* release from intracellular release from intracellular stores via PLC and IP3, and the
disruption of plasma membrane integrity occurs secondarily. [34] Mastoparan, an activator of
G; and mast cells, selectively stimulates an PLD,, independently of G; ADP-ribosylation
factor-1 (ARF-1), protein kinase C and calcium, in intact cells and in isolated preparations
enriched in plasma membranes where PLD, is located. [35] PLD catalyses the hydrolysis of the
major membrane phospholipid, phosphatidylcholine (PC) to generate phosphatidic acid (PA)
and choline. PLD is involved in the exocytosis of secretory granules from mast cells and
neutrophils. One possible function of PLD that would rationalise its role in exocytosis may be
related to the ability of PA to regulate PI(4)P 5-kinase. PI(4)P 5-kinase is one of two kinases
required for the synthesis of PIP, (PI3). This unique lipid is essential for many membrane
trafficking events including exocytosis. The product of PC hydrolysis by PLD is PA, which
therefore has the potential to dynamically regulate the synthesis of PIP, in specific membrane
compartments, ie, where PLD is active. [36]
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mitochondria which in turn activates PLA,. The activated PLA, in turn increases the fatty acid
level in host fat body. [30]

Hence, the multitude of mechanisms employed to manipulate host metabolism ensures an
abundance of lipid resources during development, providing parasitoid larvae with a unique
opportunity to consume host lipids instead of synthesizing them de novo. Manipulation and
consumption of host lipids probably provides a selective advantage for parasitoid larvae,
because de novo lipid synthesis is energetically expensive. [101]

8.1.5. Apoptosis

Venom for parasitoid wasps induces cellular injury and culminates in oncotic death. [88] Crude
venom alone has been shown in in vitro assays to evoke disruption of plasma membrane
integrity, blebbing, rounding, swelling and cell death thought to be linked to a G-protein
dependent oncotic mechanism. [103] Various candidates in venom triggers the apoptotic cell
death such as venom phenoloxidase, calreticulin, laccase, endonuclease G, and gamma-
glutamyl transpeptidase-like venom protein. [88]

8.1.6. Nutritional functions

Nutritional and physiological milieu of the host is manipulated for the better nurturing of the
parasitoid’s offspring by the venom injected by the female wasp. For example, teratocytes of
endoparasitoids have a secretory and nutritive function whereas venom of some ectoparasi-
toids changes the host metabolism to provide nutrients. [88] The discovery of trehalase in
parasitoid wasp venom protein ensures the provision of glucose for developing wasp larvae
from trehalose, which is the main reserve sugar in the hemolymph of flying insects. Several
other digestive proteins in venom such as trypsin and other serine proteases, trypsin-like
enzymes, lipase-like venom protein, and acid phosphatases are involved in assuring the
optimal nutrition for its offspring. [88, 104, 105]

9. Conclusion

Wasp is a common name for any insect species of the order Hymenoptera and sub-order
Apocrita, excluding bees and ants. A highly diverse group of insects, they are social or solitary,
parasitic or predatory, phytophagous or carnivorous or omnivorous. The most primitive
Hymenoptera possess ovipositors to insert eggs into plant tissues. In some parasitic groups,
this structure and the glands associated with it have been modified to inject venom to paralyse
other insects that they use for their developing larvae. These parasitic wasps are extremely
beneficial to natural ecosystem and agriculture as biological pest controller. Their stings are
not so painful to humans and are of none clinical significance.

Social wasps, however, are evolved with a venom system that is specialized as a defence
weapon. The sting produces a range of clinical manifestations in humans—from simple skin
allergic manifestation that do not require any medical treatment to fatal anaphylaxis and toxic
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reactions where immediate medical intervention is utmost. Yellow jackets, hornets and paper
wasps are three medically important stinging social wasps. Stinging social wasp venom
comprises of various allergens, toxins and bioactive molecules that imparts physiological and
pathological changes upon envenomation in humans. Immune-mediated and non-immune
mediated mechanisms, both are involved.

Wasp stings are alkaline and are traditionally addressed by the application of vinegar or lemon
juice to neutralize the venom. Besides, there are many local practices being observed, which
might need scientific evidence to be proven, such as placing ice packs, freshly sliced cucumber,
potato and onion on the sting sites and applying the aloe vera gel, garlic paste, ethanol and
curds on the sting sites.

Wasp stings usually manifests allergic symptoms—normal local allergies to systemic anaphy-
laxis. Allergy, in general, is a public health threat of pandemic proportions today. Respiratory
allergies, food and drug allergies and allergic reactions to insect venom are the commonly
reported allergic incidents. Allergic patients not only suffer from the debilitating disease
resulting in decreased quality of life, career progression and personal development but also
constitute a significant burden on health economics and macroeconomics due to the days of
lost productivity and underperformance. The symptomatic treatment for allergy are not
sustainable which includes short-term symptom relieving or long-term anti-inflammatory
drugs—the effect of which are suboptimal, relapse of the symptoms very shortly after ceasing
daily use of medication even after years of a continuous and effective treatment, and the
possible fear of adverse effect due to the long-term use of drugs. [106] These symptomatic
medications as well imparts financial burden. Allergen-specificimmunotherapy is an effective
treatment used by allergists and immunologists for common allergic conditions, particularly
allergic rhinitis/conjunctivitis, allergic asthma and stinging insect hypersensitivity [107] and
can achieve substantial results for patients —improves the quality of life, reduces the long-term
costs and burden of allergies and prevents the progression of allergic disease. Currently, it is
the only curative treatment for Hymenoptera venom allergy. [106] However, various factors
should be taken into consideration on a case-by-case basis, taking into account individual
patient factors, before proceeding with the allergen specificimmunotherapy such as the degree
to which symptoms can be reduced by avoidance measures and pharmacological therapy, the
amount and type of medication required to control symptoms, the adverse effects of pharma-
cological treatment and patient preferences. This form of therapy carries the risk of anaphy-
lacticreactions, hence taking into consideration the indications and contraindications, it should
be prescribed and practiced by physicians who are adequately trained in the treatment of
allergy. Moreover, injections must be given under medical supervision in clinics that are
equipped to manage anaphylaxis. [107] These requirements and preparations obviously make
the allergen specific immunotherapy not so readily available and expensive but considering
the beneficial effects of allergen specific immunotherapy and unsustainability of pharmaco-
therapy, allergen specific immunotherapy emerges as a reliable curative approach.

Parasitic wasps have their own significant space in this ecosystem and contribute as a biological
pest controller. They are not only important in agricultural system, but as well have significant
role in controlling the disease spreading, such as the toxicity of venom can inhibit the multiple
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developmental stages of several mosquitoes and house flies, both of which are a major vector
of human disease. The utility of their venom components provide a promising frontier in
development of new classes of bioinsecticides.
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