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Abstract

The scorpion venom is a potential therapeutic biological source against a variety of diseases.
Scorpion venom contained low molecular weight peptides, salts, different enzymes and
neurotoxins. These peptides have immunosuppressive, cytotoxic, apoptogenic and
anti-proliferative effects. These activities make scorpion venom a novel therapeutic agent
against a variety of cancers like human lung adenocarcinomas, prostate cancer, melanoma,
breast cancer, brain tumors, gliomas, leukemia, skin cancer, cervical cancer, esophageal cancer
and colon cancer. This review focuses on scorpion venom and its applications for various types
of cancers.
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1. Introduction

Scorpions are most primitive arthropods belonging to order scorpiones and class Arachnida
(Ruming et al., 2010). They are classified into 18 families and about 1500 different species and
subspecies (Bawaskar and Bawaskar, 2012. The most fatal and medically important scorpions
belong to Buthidae family (Michael, 2003). Scorpion body is divided into three parts: the head
(cephalothorax), the abdomen (mesosoma) and the tail (metasoma). Except in Antarctica,
scorpions are found in all continents and in subtropical and tropical regions cause severe
problems (Ruming et al., 2010). On this planet, scorpions are one of the primitive creatures.
The existence of scorpions dates back to more than 400 million years. At the end of the
scorpion telson, there is specialized venom gland that produces toxin loaded with venoms.
Scorpions capture their prey and defend themselves from predators via secretions of these
venoms (Posani et al., 1999; Jeyaprakash et al., 2009).

2. Habitats

Scorpions, except in Antarctica are present in all continents and causes serious problems in
subtropical and tropical regions. They are adapted to survive in a wide variety of habitats
including caves, temperate forests, savanna, grasslands, rain forests, snow covered mountains
and tropical forests (Dehesa-D&vila et al., 1994; Ruming et al., 2010).).

3. Composition of Scorpion venoms

Scorpion venoms are very complex mixtures with hundreds of different components such as,
mucosa, oligopeptides, nucleotides, amino acids, ions, neurotransmitters, salts, unidentified
substances, water and low molecular weight peptides (Possini et al., 1999). It also includes
enzymes such as phospholipase, hyaluronidase, lipase, alkaline phosphotases and proteolytic
enzymes (Park et al., 2007). It has been suggested that in the 1500 distinct species of scorpions
around the world, 100 000 different peptides exist, of which only 0.02% are known to interact
with ion channels (Possani et al., 2000).

4. Classification of Scorpion Venom

The scorpion venom peptides are generally classified into two main groups: the disulfide
bridged peptides (DBPs) which usually target membrane bound ion channels and the
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non-disulfide-bridged peptides (NDBPs), a smaller group within the scorpion venom peptide
arsenal, that display multifunctional activities. Most scorpion DBPs contain three to four
disulfide bridges and are further sub-classified into four different families according the type of
membrane channels they interact with. The membrane bound ion channels targeted by the
DBPs family of scorpion peptides include the Na+, K+, Ca2+and Cl—channels. These channels
play major roles in regulating the normal cellular physiology within many mammalian
organisms and disrupting the function of these channels by interacting with scorpion venom
peptides can result in significant alterations in their normal function, leading to the several
symptoms developed in mammals during scorpion envenomation. NDBPs have several
biological functions such as, anticancer, anti-inflammatory, antimicrobial, hemolytic,
bradykinin potentiating and immune-modulatory activities (Ammar and Qosay, 2014).
Scorpion toxins are classified on the basis of mode of action, chemical structure and binding
site on different channels or channel subtypes. Each class consists of several peptides isolated
from the venom of different species of scorpion and are based on their pharmacological action
and also agrees well with the structural properties of this peptide family. The long-chain toxins
affecting sodium channels have been subdivided primarily into two major subtypes, a-
and p-toxins (Possani et al., 2000).

\ MacrOthi“k Journal of Biology and Life Science

4.1 Scorpion a-Toxins

In vertebrates, a-toxins bind to Na' channels. a toxin abruptly inactivate sodium channels
receptor affinity and induces prolongation of the action potential of muscles and nerves
(Catterall, 1992).

4.2 Scorpion p-Toxins

From American scorpions, S-toxins are isolated. In vertebrates, -toxins binds to Na* channels
on receptor site 4, allowing a sudden shift to a more negative membrane potential. CsslV is a
S-scorpion toxin isolated from Centruroides suffussus scorpion venom binds to sodium
channel. Toxin Ts1 also called Tsy, obtained from the venom of Brazilian scorpion Tityus
serrulatus. Based on the site of actions, competitive binding assay and its structural homology,
this toxin is also considered as -scorpion toxin (Cestée and Catterall, 2000).

4.3 Sodium Channels Toxins (NaTx)

For generation and propagation of action potentials initiation, voltage-gated sodium channels
are critical. Several neurotoxins target these channels by bindings to several receptor sites on
the pore-forming a-subunit. Scorpion toxin in mammals and insects has preference for distinct
sodium channels subtypes (Yu and Catterall, 2003).

4.4 Potassium Channels Toxins (KTx)

Potassium channels have major roles in various biological processes as well as involved in an
increasing number of human pathologies. Various potassium channel blockers are used for the
treatment of a number of human diseases such as, cancer, inflammatory neuropathies and
autoimmune disorders. Scorpion toxins that target K*channels (KTx) are short-chain peptides
cross-linked by three or four disulfide bridges. The a-KTx family constitutes by more than 50
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different a-KTx have been reported and listed in more than 18 families. Tenenholz et al., 2000
described that o/f scaffold formed by an a-helix and a two- or three-stranted S-sheet linked by
two bridges. However the o/f fold is shared by a variety of polypeptides with diverse functions,
such as toxins active on Na* channels. Several studies have described that, neurotoxin a-KTx
12.1 also called TsTX-1V, isolated from T. serrulatus venom has four disulfide-bridged. The
voltage-gated potassium channel has a role in immune responsiveness. Delayed type
hypersensitivity and diminution of T cell activation has been observed in in vitro studies by
blocking these channels. The venom of three Brazilian scorpions such as T. stigmurus, , T.
bahiensis and T. serrulatus contained butantoxin that inhibit the proliferation of T cells and
IL-2 production by reversibly blocking potassium channels (Shieh et al., 2000; Tenenholz et al.,
2000; Holaday et al., 2000).

4.5 Calcium Channel Toxins

To regulate various cellular functions such as gene expression, intracellular metabolism,
neurotransmitter release and cellular excitability, Ca®* ion is crucial. The Ca®* channels are
widely distributed in the body such as endocrine cells, smooth muscle, skeletal muscles neuron
and heart muscle. Numerous peptides present in the scorpion venom affect these ion channels
activities and modulate their functional properties. These peptides have unlike
pharmacological and physiological properties. Various studies have been shown that scorpion
toxins are used in protein engineering scaffolds, cancer treatment, vaccines and insecticides
(Catterall, 1992).

5. Activity of Scorpion’s Venoms

The scorpion’s venom has various neurotoxic, hemolytic and muscular effects in humans.
Furthermore, anti-bacterial, anti-fungal, anti-insect, anti-tumor, analgesic, cytotoxic and
apoptotic effects of scorpion venoms on various organism have been reported (Diniz, 1978;
Willems et al., 2002). In human, it is used for the treatment of rheumatism, pancreatitis, skin
cancer, breast cancer, prostrate tumor, kidney tumor, male impotency, brain tumor, leukemia,
epilepsy, HIV, tetanus, cardiovascular diseases, subcutaneous nodules and acute and chronic
convulsions (Chen et al., 2012).

6. Mode of Action

The membrane disrupting peptides affect net movement of ions that leads to fatal
depolarization. It creates cellular pores, causing cellular content to leak out. These peptides
induce hydrolases which degrade cell membrane. It also disturbs membrane functions by
scrambling the distribution of lipids (Tossi et al., 2000).

6.1 Scorpion Antivenin

Pain following scorpion bite is very severe and that is why it is worth talking about. Systemic
opioids and antihistamines have been used in combination with locally injected lidocaine.
However, when lidocaine fails to relieve pain, alternative therapy must be sought. Chloroquine,
a quinoline derivative, which can disrupt neural transmission, was tried successfully in the case
reported. Two milliliters of the agent was injected around the sting site and near the digital
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nerves. Pain relief was reported 3 minutes later and was sustained for 24 hours (Amucheazi and
Umeh, 2012). Among all poisonous species of scorpions, red scorpion (Mesobuthus tamulus) is
the most lethal. Scorpion venom is a potent sodium channel activator and envenoming by
Mesobub jthus tamulus results in sudden pouring of endogenous catecholamines into
circulation due to the autonomic storm evoked by delayed inactivation of neuronal sodium
channels Vomiting, profuse sweating, priapism in males and cold extremities precede the
development of severe cardiovascular manifestations Clinical manifestations depend on the
dose of venom, season of sting and time elapsed between sting and hospitalization
Alpha-receptor stimulations play a major role in the pathogenesis of acute pulmonary edema
Scorpion antivenin did not reverse and prevent the cardiovascular morbidity and mortality due
to envenoming by red scorpion sting (Vasconcelos et al., 2005; Bawaskar and Bawaskar,
2012).

6.2 Scorpion Toxin and Cancer

Cancer has a major impact on human health and important public health problem worldwide.
Since it has a high morbidity and mortality worldwide, there is an urgent need to find better
treatment. Treatment modalities towards the cancer comprise radiation therapy, surgery,
chemotherapy, immunotherapy and hormonal therapy. Out of the therapies being used for
treatment, chemotherapy remains the predominant option. However, patients often develop
resistance to chemotherapeutics acquired by tumors. In addition, chemotherapeutics used in
systemic administration often lead to serious side effects. This has led to the development of
new strategies to achieve effectiveness against cancer (Baskar et al., 2012).

6.3 Scorpion Toxin and Glioma

Glioma is rapidly spreading and a highly invasive form of brain cancer that is resistant to
medical and surgical treatment. It is a sort of tumor in the spine or brain.. The most common
site of gliomas is the brain. As it arises from glial cells therefore, called glioma. The scorpion
toxins are used to treat cancer patients by injecting fluorescent scorpion toxin into cancerous
tissue to show tumor boundaries. BmK AGAP is sodium channel-specific neurotoxins from
Buthus martensii Karsch. BmK AGAP toxin inhibited growth of glioma cells by inducing
apoptosis. In the venom of the death stalker scorpion (Leiurus quinquestriatus) is found a
36-amino acid peptide called Chlorotoxin, which blocks small-conductance chloride channels.
Chlorotoxin is not toxic to mammalian systems but toxic to insects. Glioma cells have been
shown to express a glioma-specific chloride ion channel (GCC) that is sensitive to
chlorotoxin (CTX). Chlorotoxin is specifically bind to glioma cells. Cholorotoxin may serve
as glioma-specific markers with diagnostic and therapeutic potential. Cholorotoxin helps to
early detection of glioma cancer cells could save lives (Veiseh et al., 2007; Kesavan et al.,
2010).

6.4 Scorpion Toxin and Leukaemia

Leukemia is a kind of cancer of the bone marrow or blood described by an abnormal rise of
immature white blood cells called "blasts". From the Indian scorpion (H. bengalensis) a high
molecular weight protein called bengaline is isolated. Bengalin possessed apoptogenic,
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cytotoxic and antiproliferative activity against K562 (chronic myelogenous leukemia) and
human leukemic cells U937 (histiocytic lymphoma). Bengalin provide a putative molecular
mechanism for their anticancer effect on human leukemic cells mediated by mitochondrial
death cascade (Hayden et al., 2006).

6.5 Scorpion Toxin and Breast Cancer

Breast cancer is a cancer originating from breast tissue; most commonly from the inner lining
of milk ducts it has become common in developing and developed countries. Alarming
increase in this disease as a leading cause of death in and breast cancer is the second only to
lung cancer as a cause of death from cancer among women. Despite the significant
improvements in the management of breast cancer, the survival rate is not more than 20% -
25%. Most common death in breast cancer patients is due to metastatic spread of cancer cells
which invade into angiogenic blood vessels growing into the tumor. Breast cancer may be
invasive or noninvasive. Invasive means it has spread from the milk duct or lobule to other
tissues in the breast. Noninvasive means it has not yet invaded other breast tissue. A
hyaluronidase(BmHYAL), was purified from the venom of Chinese red scorpion (Buthus
martensi). The human breast cancer cell line of MDA-MB-231 is an aggressive cancer cell line
that supposedly contains much hyaluronan. Hyaluronidase reduces human breast cancer. It
may provide a new class of anti-cancer therapeutics and without toxic side effects (Feng et al.,
2008; Sariego, 2010).

6.6 Scorpion Toxin and Brain Tumor

An intracranial solid neoplasm is a brain tumor. Within the central spinal canal or brain, tumor
is the abnormal growth of cells. The scorpion venom peptide, chlorotoxin shows promise as an
imaging agent for brain surgery. Chlorotoxin is an example of an elaborated cystine knot.
Cystine knot contains an extra disulfide bond. Chlorotoxin is specifically bind to brain tumor
cells. Chlorotoxin is conjugated with fluorescent dye can be used as a ‘tumor paint’ to delineate
the margins of brain tumors and hence facilitate their surgical removal. This selective cancer
cell targeting probably occurs via binding to the extracellular matrix protein, which is
overexpressed in brain cancer cells. Cholorotoxin may serve as brain tumor-specific markers
with diagnostic and therapeutic potential (Biswas et al., 2010).

6.7 Scorpion Venom and Prostate Cancer

Prostate cancer is the major cause of death in men and at present, is the second leading cause of
cancer deaths in North American men. It has been revealed that polypeptide extract from the
scorpion venom PESV is potent against androgen independent-prostate cancer cell lines.
Hormone refractory prostate cancer (HRPC) remained a challenge but the finding of new
promising agent is important against androgen independent prostate cancer. A polypeptide
extract from scorpion venom (PESV) has been isolated from Buthus martensi Karsch (Bmk).
PEVS is a peptide with 50-60 amino acids and has anti proliferative, cytotoxic and
apoptosis-induced activities against Human Umbilical Vein endothelial Cell (HUVEC),
inhibition of neovascularization, suppression of tumor growth of S180 sarcoma and H22
hepatocelluar carcinoma in mice (Zhang et al., 2009).
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6.8 Scorpion Toxin and Skin, Lung, Cervical, Esophageal and Colon Cancer

For early detection of colon, esophageal, cervical, lungs, and skin cancer, Cholorotoxin is a
noninvasive screening tool. Cholorotoxin is conjugated with iron oxide nano particles through
a polyethylene glycol linker could successfully attach to both drug and targeting ligands. The
target nanoparticles demonstrated preferential accumulation and increased cytotoxicity in
tumor cells. Further, in invivo models these nanoparticles were retained within the tumors. It
was suggested that this multifunctional nanoparticle system may find potential application in
cancer diagnosis and treatment (Sun et al., 2008).

6.9 Scorpion Venom and Human Lung Adenocarcinoma

Scorpion venom contains different enzymes like, proteolytic enzymes, alkaline phosphatase,
acetylcholinesterase and phospholipase A2 enzymes having potent gelatinolytic and cytotoxic
activities. The proteolytic enzymes in venom can cause gangrene, hemolysis and necrosis. In
the treatment of various cancers, identifications of these proteases are very crucial.
Considerable decrease in cancerous cell lines has been reported when proteases from
Mesobuthus gibbosus is applied on the human lung adenocarcenoma (A549) cell lines (Pessini
et al., 2001). So against human lung adenocarcinoma, these peptides have a very potent
gelatinolytic and cytotoxic activities.

6.10 Scorpion Venom and Melanoma

Peptide TRAIL (TNF-related apoptosis-inducing ligand) obtained from scorpion venom is
used to induce apoptosis in melanoma cells. This peptide target only cancer cells while normal
cells remain unaffected. TRAIL in melanoma cells initiate proapoptotic Bcl-2 proteins and
caspases while down regulates TRAIL receptors. TRAIL causes mitochondrial outer
membrane permeabilization and depolarization of the mitochondrial membrane potential,
resulting in the release of mitochondrial factors such as, SMAC (second mitochondria-derived
activator of caspases), AlF (apoptosis-inducing factor) and cytochrome c¢ which ultimately
inhibits melanoma cells proliferation and induces its death by apoptosis (Norberg et al., 2010;
Quast et al., 2012).

7. Conclusion

It has been found that, scorpion venoms contained a lot of therapeutically crucial novel
peptides which possess apoptogenic, cytotoxic and anti-proliferative activities against different
types of cancers. Now a day to visualize the boundaries between cancerous tissues and normal
tissues florescent labeled scorpion venom peptides are used. Still a lot of peptides in scorpion
venom are not identified. Further studies are needed to identify therapeutically crucial peptides
in scorpion venom.
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