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ABSTRACT

Spider venom comprises of 10 million bioactive peptides but only 800 peptides are pharmacologically
characterized. Despite this limited number of characterized peptides, the range of biological activities they
perform is incredible. Their venom is able to potently block a variety of receptors, channels, enzymes and other
various target sites. Therefore, it is not surprising that the peptides extracted from spider venom possess
substantial potential for therapeutic applications. This review article encompasses the potential applications of
spider venom as analgesics, anti-fungal, anti-parasitic and anti-bacterial agent, and bio-insecticides. Moreover,
some of the venom peptides have marked antiarrhythmic and neuroprotective potentials. With these potentials
spider venom could be utilized in development of prototypes for pharmaceutical applications.
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INTRODUCTION

Spiders like other venomous animals, such
as scorpions, centipedes, cone snails and snakes,
are capable of producing venom that holds a
diverse array of biologically active compounds.
Spiders are considered as one of the most
successful and abundant terrestrial predator with
approximately 45,840 extant species
(http://wsc.nmbe.ch, version 17.0). Among the
animals, employing venom for their existence,
spiders are the most cosmopolitan predator with a
wide range of distribution throughout the globe.
They potentially devour the most diverse and varied
range of prey (Saez et al., 2010). Spiders are adept
and proficient predators that produce venom
containing a large variety of toxins. These toxins
target a diverse range of sites including
membranes, receptors, channels, and enzymes in a
vast variety of invertebrate and vertebrate species
(Saez et al., 2010). Spiders venom comprises of
heterogeneous compounds of different chemical
nature, that can traditionally be divided into three
groups on the basis of molecular mass: (i)
substances with low molecular weight (less than 1
kilo Dalton) including organic acids, amino acids,
amines, polyamines, nucleotides and nucleosides;
(i) peptides (ranging from 1-10 kilo Dalton), with two
main subgroups-linear cytolytic peptides and
disulfide containing neurotoxins; (iii) substances
with high molecular weight (more than 10 kilo
Dalton) including different proteins, enzymes and
neurotoxins (Escoubas et al., 2000; Adams, 2004;
Vassilevski et al., 2009).

Previously, relatively little work has been
done on the identification and potentials of peptides
isolated from spider venom. That's why, the
reported number of pharmacologically characterized
peptides in spider venom is comparatively less. But
despite of being less studied spiders stood at the
top, with its venom having the most diverse range of
impressive  biological activities including the
potential application in therapeutics (Vassilevski et
al., 2009). Although the spider venoms are generally
thought to be rich in neurotoxic peptides, they also
holds various peptidic toxins having anti-cancerous,
anti-malarial, anti-microbial, analgesic, cytolytic,
hemolytic, and enzyme inhibitory activity (Gao et al.,
2005). Currently, spider venom peptides are
extensively used in biological research purposes.
Scientific innovations have led to development of
better techniques for purification of proteins and
synthesis of recombinant toxin. Also, at present the
researchers utilize the novel technologies to
overcome conventional problems of low venom
volumes by synthesizing its analogs. Now, the
spider venom peptides are largely incorporated for
the development of novel therapeutics agents
against a large number of medical conditions
including cardiovascular disorders, chronic pain,
bacterial and fungal infections and chronic
neurological diseases. Spider venom peptides also
exhibit selective insecticidal potential. The peptidic
toxins of spider venom have high target specificity
and selectivity. This potential makes spider-venom
peptides as lead compound for discovery of novel
therapeutic agents.
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Analgesic Potential

Our exposure to possibly damaging or life-
threatening incidents is limited by common
nociceptive pain. This ordinary pain is our adaptive
response. Conversely, eccentric long-lasting pain
transmutes this essential response into a poorly
administered and devastating malady. Chronic pain
affects about 15% of the elderly population
worldwide (Darrell & Patrick, 2012) and this figure
increases up to 50% for those who are more than
65 years old (Brennan et al., 2007). This renders
chronic pain as one of the major health problems of
the present era. Nevertheless, some drugs are
available as medication for chronic pain but these
drugs have limited usage due to less efficacy and
relatively significant side-effects. Therefore, there is
a substantial need to introduce more effective
analgesics for the treatment of chronic pain.
Currently, various ion-channels have shown to play
a significant role in the pathophysiology of pain
including acid sensing ion channels, calcium (CaV)
and sodium (NaV) channels and purinergic
receptors.

Acid sensing ion channels (ASICs) that
opens accordingly with low pH are the proton-gated
sodium channels. These are characterized by
predominantly neuronal distribution. As a novel
therapeutic target, ASICs have been employed for a
wide range of pathophysiological ailments including
chronic pain (Wemmie et al.,, 2006; Xiong et al.,
2008; Sluka et al., 2009; Grunder & Chen, 2010). 1-
theraphotoxin-Pc1a (m-TRTX-Pcla ), a potent and
specific inhibitor of ASIC is isolated from the venom
of tarantula, Psalmopoeus cambridgei. TI-
theraphotoxin-Pcla is proven to be an effective
analgesic (Pignataro et al., 2007).

Voltage-gated sodium (NaV) are threshold
channel that intensifies pain signals, conducted
beyond a certain level (Clare, 2010). Out of 9 NaV,
usually three NaV subtypes: NaV1.3, NaVv1.7, and
NaVv1.8 are frequently involved in pain signaling
(Krafte & Bannon, 2008; Priest, 2009). However,
human NaV1.7 (hNaV1l.7) emerged as best
analgesic target followed by various notable genetic
studies. Spider venom has a potential to modulate
several peptidic NaV channel (Herzig et al., 2011,
Gilchrist et al., 2013). B-TRTX-Tp2a (Protoxin II)
isolated from venom of Thrixopelma pruriens (a
green velvet tarantula) is believed to be most potent
blocker of human NaVv1.7 (Maggio et al., 2010). It is
a 30-residue inhibitor cystine knot (ICK) peptide.
This toxin is 100 times more selective for human
NaV1.7 as compared to other NaV subtypes i.e.,
NaVv1.2, NaVv1.3, NaVvl.5, NaVvl1.6 and NaV1.8
(Middleton et al., 2002).
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P2X purinergic receptors are the ion
channels that are known to be non-selective ion
channels. They are ATP-gated and have
permeability for sodium, potassium and calcium ions
(Khakh & North, 2006). Presently, 7 subtypes of
P2X receptors (P2X1 to P2X7) are identified
(Skaper et al.,, 2010). In relation to pain P2X3
receptor subtype is most thoroughly studied
(Wirkner & Sperlagh, 2007). It was declared to be
implicated not only in inflammatory, acute, and
chronic pain but is also involved in inducing cancer
pain along with visceral and migraine pain (North,
2004; Wirkner & Sperlagh, 2007; Saez et al., 2010).
Recently, however, purotoxin-1 (PT1) from the
venom of the central Asian spider Geolycosa sp. is
isolated. It is potent and it selectively modulates the
P2X3 receptor subtype (Grishin et al.,, 2010).
Therefore, PT1 seems to be a lead compound that
is capable of producing analgesics, targeting P2X3
receptors.

One of calcium channel subtype Cav2.2 is
extensively distributed at nerve terminals together
with nociceptive fibers. It controls vital physiological
processes, including contraction of muscles and
secretion or release of hormones and
neurotransmitters (McDavid & Currie, 2006). Cav2.2
also plays its role in ascending pathways of acute
and chronic pain (nociceptive transmission)
(McDonough et al., 2002). In response to painful
stimulus  from  nocireceptors, the neuronal
membrane potential is changed. This forces Cav2.2
gates to open resulting in propagation of pain
signals. Therefore, the toxins that blocks Cav2.2
have significant analgesic effect (Cizkova et al.,
2002; Wallace et al., 2010). Venoms of almost all
the poisonous animals including cone snails,
snakes, centipedes, assassin bugs, scorpions and
spiders are loaded with extremely potent and
selective Cav2.2 inhibitors. More specifically Cav
inhibitors constitute the major portion of spider
venom (Klint et al., 2012). Variety of different
peptide toxins such as agatoxins, grammotoxin and
DW13.3 found in spider venom potently obstructs
the activities of voltage-dependent calcium gates
(Zamponi, 1997). w-agatoxin IlIA is a 76 residue
peptide extracted from Agelenopsis aperta, a funnel
web spider with broad specificity across various
voltage-sensitive subtypes of calcium channel
(Cohen et al.,, 1992; Mintz, 1994). DW13.3 from
venom of spider Kukulcania hibernalis is another
peptide with 74 residues. It causes a potent and
reversible inhibition of Cav2.1, Cav2.2, Cavl.2 and
Cav2.3 channels (Sutton et al., 1998). Q-ctenitoxin-
Pn4a is a toxin extracted from the spider Phoneutria
nigriventer. It non-selectively blocks neuronal Cav
channel (Cordeiro et al., 1993; Cardoso et al., 2003;
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Vieira et al., 2005) and displays prolonged
analgesia (Souza et al., 2008). Moreover, w-
ctenitoxin-Pn4a does not interfere with average
arterial blood pressure, heart beat or neuronal
performance. This suggests that Cav channel
inhibitors present in spider venoms could also find
therapeutic applications as efficient and long lasting
analgesic agents (De-Souza et al., 2011). Also
Pha1B, a potent calcium channel blocker isolated
from P. nigriventer has a potential application in
managing postoperative pain. It can produce longer
pain reducing effects in postoperative phase as
compared to w-conotoxin MVIIA (cone snail) or
morphine (De-Souza et al.,, 2011). Q-ctenitoxin-
Pn2a is another non-selective toxin from venom of
P. nigriventer, (with sequence of potency: Cav2.1 >
Cav2.3 > Cavl > Cav2.2) (Leao et al., 2000). It
displays predominant anti-nociceptive effects and
does not cause undesirable motor effects in the
neuropathic pain models (Dalmolin et al., 2011).
Spider toxins such as w-Agatoxins IVA6 (Bourinet et
al., 1999) and w-grammotoxin (Li-Smerin & Swartz,
1998) consisting of 60-90 and 30-40 residue
peptides respectively have also shown analgesic
effects by inhibiting CaV channel (McDonough et
al., 1997).

Naturally, spider-venom has great affinity
and selectivity for a varied range of molecular
targets. Therefore, it is not surprising that various
peptides isolated from spider venom potently blocks
activity of a wide variety of therapeutic targets
including analgesic targets.

Treatment of Neurological Diseases

Neurological disorders have attracted great
interest due to their high impact on society (WHO,
2006). Most of these disorders have a chronic
profile. Even with the increasing search for new
treatments, there is still a lack of pharmacological
therapy that is able to efficiently control the
progression of these diseases. Considering this
dilemma, research is underway of using natural
products for modern drug discovery processes
(Monge-Fuentes et al., 2015). On this aspect, the
attention of researches has been attracted by
peptides and acylpolyamines isolated from the
arthropod venom. These have analgesic,
antiepileptic and neuroprotective effects (Estrada et
al., 2007; Mortari et al., 2007; Mortari & Cunha,
2013; Youdim et al, 2014). These venom
components have been tested for the treatment of
the four most prevalent neurological disorders:
Stroke, Alzheimer's disease (AD), Epilepsy, and
Pathological anxiety (Monge-Fuentes et al., 2015).

It is estimated that throughout the world
about 16.9 million people suffer from stroke every
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year. Stroke is also mentioned as the second
leading cause of death (Mehndiratta et al., 2015).
Stroke results in neuronal cell death. Excessive
activation of glutamate receptors is involved in brain
damage following stroke. Synthetic glutamate
antagonists have failed in neuroprotection against
stroke with considerable side effects (Leoni et al.,
2000; Xiong et al, 2004). Therefore, the
researchers have focused on natural glutamate
receptor antagonists found in majority of spider’s
venoms. Acylpolyamines found in the venom of A.
aperta, a funnel web spider, are selective non-
competitive glutamate receptor (Glu-R) antagonist.
They blocks glutamate receptors, thus preventing
excessive Caz+ influx  which produces
neuroprotective effects (Mueller et al., 1999).
Peptides toxins PhTx3-3 and PhTx3-4, extracted
from venom of spider P. nigriventer also have
neuroprotective action against neuronal damage
(Cordeiro et al., 1993). These compounds block the
Ca2+ channel resulting in decreased neuronal
death (Prado et al, 1996) and loss of
neurotransmission in hippocampus (Pinheiro et al.,
2009). In the light of above discussion it can be
concluded that acylpolyamines and peptides
present in spider venom can serve as a platform to
design new drugs for the treatment of stroke in
humans (Monge-Fuentes et al., 2015).

Alzheimer's disease (AD) is a form of
severe dementia characterized by memory loss and
a lower capacity for recognizing objects and making
plans. Dementia affects 35.6 million people
worldwide, out of which 60-70% cases are of AD
(WHO, 2012). The main pathological hallmark found
in AD patients is the presence of amyloid-f (AB)
aggregates and neurofibrillary tangles of tau protein
(Ross & Poirier, 2004). Due to these
neuropathological aggregations, neuronal loss
occurs, especially in the hippocampus and basal
forebrain. Therapeutic approaches remain focused
on the symptomatic treatment of the disease, as
there is no approved drug able to effectively stop
the progression of disease (Huang & Mucke, 2012;
Mancuso & Gaetani, 2014). The effect of peptide
Tx3-1, a selective blocker of K+ currents, extracted
from venom of spider P. nigriventer, was evaluated
in mice. Results showed the ability of the toxin to
enhance both short- and long-term memory.
Moreover, Tx3-1 restored memory of injected mice
and exhibited higher potency to improve memory of
injected mice when compared to control group
(Gomes et al., 2013).

Epilepsy is characterized by uncontrolled
spontaneous epileptic seizures. Antiepileptic drugs
(AEDs) are given to epileptic patients to eliminate or
reduce seizures to the maximum degree. Despite
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drug availability, approximately 30% of patients of
epilepsy are regarded as therapy-resistant and they
continue to live with uncontrolled seizures (Bialer,
2012). In this scenario, arthropod venoms may
represent an extraordinary source of bioactive
molecules that act with selectivity and specificity in
the mammalian CNS (Monge-Fuentes et al., 2015).
Among arthropods, spider's venom contains a
diverse array of such bioactive compounds that
produce neuroprotective and antiepileptic effects by
acting on voltage-sensitive Na+ and Ca2+ channels
or on glutamate receptors (GIuR) (Rajendra et al.,
2004). Neuroactive effects are observed for
polyamine toxins obtained from venom of Nephilia
clavata spiders (Kawai et al., 1982). The venom of
Argiope lobata and other members of the Araneidae
family holds a biologically important compound
named Argiotoxins. Argiotoxins are neuroprotective
and inhibit cell death mechanisms that involve
ionotropic  GIuR (Green et al.,, 1996; Grishin,
1999Rash & Hodgson, 2004). Moreover, argiotoxin-
636 (from Argiope lobata), Parawixin2 (Liberato et
al., 2006) and parawixin10 (from Parawixia bistriata
spider) have an antiepileptic effect by blocking the
seizures inducing receptors (Gelfuso et al., 2014). A
neuroactive fraction obtained from spider Lycosa
erythrognatha (SrTx1) also exhibit antiepileptic
effects (Cairrdo et al., 2002). Agatoxin-489 a
peptide isolated from A. aperta is used as
antiepilectic due to its ability to block KA-induced
seizures (Williams, 1993).

Pathological anxiety corresponds to the
most prevalent psychiatric disorder including: panic
disorders, obsessive-compulsive disorder,
generalized anxiety disorder, various phobias and
disorders due to post-traumatic stress. These
disorders are characterized by excessive worrying,
uneasiness, and fear of some future events. This
includes several neurotransmitters executing their
role in numerous receptors inside the limbic system
of cerebral cortex (Durant et al., 2010). In addition to
benzodiazepines, antiepileptics, antidepressants,
and antipsychotics, have also been used to treat
anxiety disorders (Gelfuso et al., 2014). Although in
recent decades the pharmacological treatment for
anxiety disorders has become increasingly more
available, there is still a great need to develop new
drugs with greater efficacy and tolerability, limited
abuse potential, and fewer side effects (Gelfuso et
al., 2014). In this sense, arthropod venoms may be
useful for the development of novel pharmacological
tools directed toward the treatment of pathological
anxiety. Neurological activity of parawixin-2, isolated
from the spider P. bistriata, demonstrated anxiolytic
effects (Beleboni et al., 2006; Liberato et al., 2006).
It blocks gamma-aminobutyric acid (GABA)
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receptors which are responsible for anxiolytic-like
behaviors due to an increase in endogenous
GABAergic activity (Schmitt et al., 2002).

The scarcity of studies directly correlating
neurotoxins from arthropod venoms and anxiety
disorders, coupled with the great potential of some
molecules for the treatment of this pathology,
reveals a highly promising and still underexplored
scientific area.

Antiarrhythmic Drugs From Spider Venoms

Cardiac arrhythmia is a problem with the
rate or rhythm of the heartbeat. Most of arrhythmia
are asymptomatic and are generally considered as
harmless. But severe arrhythmias arising from
weakened or damaged heart can even lead to
stroke, heart attack and cardiac arrest (Andrew &
Epstein, 2015). Arrhythmia is correlated with the
activity of mechanosensitive channels that causes
stretching of atrial chamber. Mechanosensitive
channels (MSCs), also known as stretch-activated
channels, have distribution among all the cells
(Martinac & Kloda, 2003). M-TRTX-Grla (GsMTx4)
and k-TRTX-Gr2a isolated from the venom of
tarantula, Grammostola rosea, are the 2 MSC’s
selective blockers (Suchyna et al., 2000; Oswald et
al.,, 2002). k-TRTX-Gr2a has a low affinity for
inhibiton of MSCs. Whereas, M-TRTX-Grla
potently blocks the MSCs (Suchyna et al., 2000). M-
TRTX-Grla cannot be itself used as therapeutic
agent as it is unable to directly interact with MSCs
(Saez et al., 2010). Yet, M-TRTX-Grla can be used
as a valuable tool for revealing the abilities of MSCs
as a therapeutic target for the medication of
ailments such as cardiac arrhythmias, dystrophy of
muscles, spinal cord injuries and gliomas (Bowman
et al., 2007).

GsMtx-4 is an active peptide isolated from
the venom of Chilean spider Grammostola
spatulata. This peptide is found to be useful in
regulating and adjusting rapid and irregular
electrical activity in the atrial chamber of heart. It is
also shown that this peptide produces no effect on
normal heart that is unstretched (Dobson, 2001)
suggesting the side effects to be minimal. Another
peptide, PhKv (Tx3-1), isolated from the venom of
spider P. nigriventer is a neurotoxin that act as
potent antiarrhythmic agent by blocking voltage
activated A-type K+ currents in the GHS3
neuroendocrinal cell line (Cordeiro et al., 1993;
Almeida et al., 2011), This raises the possibility that
antiarrhythmic effects produced by PhKv is due to
its direct effect on electrical properties of
cardiomyocytes (Almeida et al., 2011).
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Anticancerous Potential

Cancer is categorized as the set of
diseases that involves aberrant and unchecked cell
growth. Cancerous cells possess the ability to
invade and proliferate to the other body parts. In
year 2012, approximately 14.1 million new cancer
cases were reported globally (WHO, 2014) along
with 8.2 million reported deaths that constitutes
nearly 14.6% of all human fatalities. In 2010, cancer
has been estimated to cause the financial cost of
more than $1.16 trillion US$ (WHO, 2014). Several
options are available for the treatment of cancer,
including surgical removal of tumors, chemotherapy,
radiotherapy and targeted and hormonal therapy.
However, their usage is generally restricted by the
fact that toxicity is also induced in the tissues other
than the target tissue. Therefore, there is great need
of an alternative medication for cancer.

In this context the toxins present in spider
venom bear great anti-tumor potential. The venom
of brown spider contains a toxic substance named
as phospholipase-D. It exhibits significant hemolytic
activity (Silva et al., 2000) along with recognized
anticancerous effect. Another compound,
hyaluronidase present in the venom of various
spiders, potentially boosts up the tissue
permeability. This facilitates the penetration of
certain drugs. Also, due to enhancing effect of
spider venom on tissue permeability, it can even
directly be used as anti-cancer agent (Matsushita &
Okabe, 2001; Girish & Kemparaju, 2007). The
venom of Oxyopes kitabensis, contains certain
peptides known as oxyopinins that develops
perforations in lipid membranes (Corzo et al., 2002;
Belokoneva et al., 2003). This property of
oxyopinins nominates it as a good candidate for the
therapeutic treatment of cancer (Duke et al., 1994;
Shaposhnikova et al., 1997). The venom
components isolated from Macrothele raveni spider
(Hexathelidae) affect the human cervical carcinoma
cell’'s (HelLa) invasion and cytotoxicity. At precise
doses of 10, 20, and 40 milligram per liter, spider
venom considerably reduces cell proliferation and
invasion in HelLa cells; furthermore, the same doses
significantly increase cytotoxicity leading to
apoptosis of treated cell (Gao et al., 2005). The
same venom components are shown to be very
effective on the carcinoma cell line MCF-7 that are
involved in human breast cancer (Gao et al., 2007).
The venom at doses of 40, 20, and 10 microgram
per milliliter, leads to death of these cells by either
necrosis or apoptosis. At low doses it suppresses
tumor growth (Heinen & Veiga, 2011). The venom of
a West Indies tarantula possesses a potent toxin
known as Psalmotoxin 1. This peptide inhibits cation
currents that are facilitated by acid-sensing ion
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channels (ASIC) (Escoubas et al., 2000; Bubien et
al., 2004). More specifically, it causes inhibition of
sodium ion currents in GBM (glioblastoma
multiforme) also known as high-grade astrocytoma
cells of human. Also in normal human astrocytes, is
fails to obstruct the whole-cell current, indicating the
usage of Psalmotoxin 1 in the diagnosis and
treatments of malignant gliomas. The venom of the
spider M. raveni has an inhibitory effect on the
proliferation and invasion of human hepatocellular
carcinoma cell line BEL-7402. It inhibits the cell
proliferation and DNA synthesis of the treated cells
resulting in arresting of cancerous cells in the G (0)
or G (1) phase of cell cycle. Ultimately leading
cancerous cells to apoptosis (Gao et al., 2005).

The hemocytes of  Acanthoscurria
gomesiana, contains a potent peptide named as
gomesin. It exhibits a potential of anti-tumor activity
(Rodrigues et al., 2013). It induces apoptosis in
target cell by potently effecting the growth of
cancerous cells along with the blood vessels
providing nutrients to cancerous cells. It significantly
reduces tumor growth and displays cytotoxic effects
on a diverse array of tumor cell lines including
breast cancer, melanoma and carcinoma of colon
(Heinen & Veiga, 2011).

Whereas the other clinical drugs employed
for treatment of cancer i.e., Etoposide (Vp-16) and
Paclitaxel (Taxol), destroy normal cells along with
the cancerous cells. This shortcoming of the clinical
treatment severely reduces the efficacy of these
drugs in treating cancer. Therefore, the peptides
and other vital anticancerous compounds of spider
venom provide a workable solution for the
development of anti-cancerous therapies having
minimal toxic effects.

Antimalarial Toxins

Malaria has been regarded as one of the
most contagious and prevalent mosquito-borne
diseases existing in the world. In 2015 an estimated
214 million cases of malaria occurred globally with
438,000 reported deaths mainly including children,
less than 5 years of age. The economic cost of
malaria is estimated to be 12 billion US$ per year
(World Malarial Report, 2015). Most of the cases of
malaria are reported from tropical and subtropical
areas where the rainfall is sufficient and
temperature is suitable for the development and
multiplication of both the mosquito and the protozoa
(Sachs & Malaney, 2002). The protozoan
responsible for causing malaria belongs to genus
Plasmodium. It spreads by means of female
Anopheles mosquitoes which act as a vector for the
disease. Among the five malaria causing genera of
Plasmodium, Plasmodium falciparum is the most
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virulent one (Wellem & Plowe, 2001; Choi et al.,
2004). In the last few decades, the malarial
infections caused by P. falciparum could effectively
be averted by the use of antimalarial drug,
chloroquine. Particularly, in the 20" century
chloroquine proved to be the most successful drug
ever deployed against malaria. But its heavy usage
during the past few decades ultimately led to
widespread resistance in P. falciparum against
multiple drugs particularly chloroquine (Wellem &
Plowe, 2001; Enayati & Hemingway, 2010).

This increased resistance of the malarial
parasite to the conventional antimalarial drugs
refers to the urgent need for novel
chemotherapeutic approaches (Price & Nosten,
2001). Besides the therapies centering small
molecules i.e. artemisinins, atovaquone and
quinine, the development of new classes of
molecules based on proteins is an active field of
research (Bastianelli et al., 2011). In this aspect the
peptides isolated from spider venom can prove as
good candidate for production of antimalarial drugs.
The venom of P. cambridgei, a Trinidad chevron
tarantula contains two ICK (inhibitor cystine knot)
peptides namely U1-TRTX-Pcla (Psalmopeotoxin I)
and U2-TRTX-Pcla (Psalmopeotoxin II) that are
shown to be effective against the P. falciparum.
These ICK peptides cause inhibition of intra-
erythrocyte development of P. falciparum with ED50
(median effective dose) values of low micro molar
range, 1.1-1.6 yM (Saez et al., 2010). Moreover,
they also do not exhibit cytotoxic, hemolytic or
neurotoxic activities in mammals suggesting them
as potential tools for antimalarial drug discovery
(Choi et al., 2004). Although these peptides have
unknown mode of action, one possibility is that they
may be targeting the permeability routes of
erythrocyte membrane that are recently generated
by parasitic penetration (Staines et al., 2005).
Consequently, these ICK peptides may help in
finding novel target sites for anti-malarial drug in
addition to being valuable therapeutic leads.

Antifungal Potential

Mycotic infections that are developing
multidrug resistance, pose a major emerging
challenge to the medical field. Fungal infections are
frequently becoming a serious threat to the
immunocompromised patients suffering from AIDS,
cancer, or persons undergoing transplantation
(Venkatesan et al., 2005). Over the last 20 years
percentage of mortality and morbidity because of
invasive mycosis had been increasing day by day
(Matejuk et al.,, 2010). In the past few vyears,
Amphotericin B and azoles have generally been
employed as effective fungicidal pharmacological
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drugs but their irrational use caused many fungal
strains to become resistant to them. Moreover, there
are considerable side effects associated with its
use, including nephrotoxicity. Therefore, In the light
of emerging resistance to conventional fungicides,
novel antifungal approaches are urgently required.
Presently, in pharmacology antifungal peptides are
attracting substantial interest. They are universally
present in plant and animal kingdoms. Spider
venom is also rich in these antifungal peptides.
Therefore, the spider toxins are extensively being
used in pharmacological studies for the
development of prototypes for antifungal drugs.

The venom of a tarantula, Avicularia
juruensis, (Theraphosidae) contains a compound
named juruin. It shows remarkable antimicrobial
action when treated against yeast and filamentous
fungi, i.e. Candida albicans. Juruin is a peptide with
38 amino acids having a molecular weight of
4005.83. Juruin is found to be successful in
inhibiting the growth of majority of the fungi and
yeast strains, with minimum inhibitory concentration
between 2.5-5 micro molar, except for Aspergilus
niger having MIC values between 5-10 uyM (Ayroza
et al.,, 2012). Although, Amphotericin B is effective
even when used in 6 times lower concentrations
(uM) than the concentration of Juruin. Yet Juruin is
much effective against Amphotericin B-resistant
fungal strains such as Candida glabrata and C.
albicans (Khan et al., 2008; Krogh-Madsen et al.,
2006). Even at the higher concentrations up to 10
MM, no hemolytic activity caused by Juruin is
reported. This implies that Juruin does not work by
rupturing the cell membranes. Moreover, Juruin has
greater specificity to the charged targets having
higher values of electronegativity, i.e. cells of
prokaryotic origin (Silva et al., 2000), nucleic acids
(DNA and RNA) and intracellular proteins (Nguyen
et al., 2011). Hence, it can be inferred that in Juruin,
the amino acids residues having positive charge are
involved in recognition of target receptors. Moreover
the selectivity of Juruin against pathogens is also
due to presence of specific positive charged amino
acids (Ayroza et al., 2012).

The crude venom of P. bistriata shows
distinct antifungal activity for C. albicans. It shows
no recorded hemorrhagic activities along with
minimal genotoxicity (Gimenez et al, 2014).
Moreover, LyeTx | extracted from the venom of
Lycosa erythrognatha along with its pronounced
antibacterial activity is effective against some strains
of fungi, i.e. Candida krusei and Cryptococcus
neoformans (Santos et al., 2010). Furthermore, the
venom of Hogna carolinensis, a wolf spider
(Lycosidae) contains two antimicrobial peptide
toxins namely lycotoxins | and Il. These peptides
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are potent growth inhibitors of Escherichia coli and
Candida glabrata (Yan & Adams, 1998). Also,
antimicrobial peptides (AMP) are identified in the
venom of wolf spider, Lycosa singoriensis and
named lycocitin 1, 2 and 3. These AMPs retards
fungal growth (C. albicans) besides inhibiting the
growth of gram-positive (Staphylococcus aureus,
Bacillus subtilis) and gram-negative (E. coli,
Pseudomonas aeruginosa) bacteria (Budnik et al.,
2004).

Along with several potent antifungal
peptides that have selectivity for pathogenic fungi,
the spider venom is expected to play an important
role in the treatment of fungal infections. Although
the antimicrobial peptides (AMPs) isolated from the
spider venom created the hope for the effective
treatment of opportunistic fungal infections. Yet
there is great need for addressing the safety
concerns of new therapies on biological systems.

Antibacterial Potential

The massive use of antibiotics in the mid-
20" century resulted in dramatic decline in the death
rate across the globe (Bi et al., 2003). However,
prolonged and intensive use of broad-spectrum
antibiotics has eventually led to the rise of multi-
resistant bacterial types (Wright, 2007). Antibiotic
resistance refers to a general term that means the
ability of a microbe to endure the lethal antibiotic
effects. Particularly, bacteria are the most efficient
microbe at adjusting according to their
environmental conditions. According to an estimate,
bacteria have developed at least one resistance
mechanism for all the seventeen classes of
antibiotics (Sultti et al., 2015). Antibiotic resistance is
emerging as one of the world’s most tenacious and
alarming concern relating to health (WHO, 2014;
Hoffman et al., 2015). These days, almost all the
clinically important bacterial pathogens in Pakistan
and throughout the world are increasingly becoming
resistant to antibiotics (Riaz et al.,, 2011).
Antimicrobial resistance (AMR) is commonly
spreading owing to overuse, misuse, and irrational
use of antibiotics by doctors, pharmacists and
guacks, self-medication by patients and its heavy
usage in agriculture (Hussain et al., 2011). On an
average 70-80% of antibiotic prescriptions are
perhaps advised unreasonably by the medical
practitioners (Mansourian et al., 2007). Resistance
evolves in bacteria as an outcome of natural
resistance in various types of bacteria, genetic
mutations in microbes, one species attaining
resistance from another and selection pressure from
antibiotic use that offers a competitive edge for
mutated strains (Raghunath, 2008). Emerging
antimicrobial resistance in clinically important
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bacterial infections (diarrhoeal and respiratory
infections, meningitis, sexually transmitted diseases,
and hospital-acquired infections) are a matter of
great concern these days (Tauxe et al.,, 1990).
Today, there are many bacterial strains that remain
uninfluenced by the application of conventional
antibiotics i.e., Staphylococcus epidermidis and S.
aureus that are resistant to methicillin, vancomycin-
resistant Enterococci, multi-resistant Streptococcus
pneumoniae, Neisseria  gonorrhea,  Shigella
dysenteriae, Salmonella typhi, and Mycobacterium
tuberculosis (Wattal et al., 2010). This decline in
efficacy of antibiotics in treating ordinary infections
is exponentially accelerating in modern age. It
seems that we are standing at the verge of post
antibiotic era (Huang et al., 2002; Alanis, 2005).

The solution to this dilemma and to cope
with the upcoming challenges related to increased
resistances among microbes, the adoption of novel
therapeutic approaches and drugs is urgently
required. In this aspect, the small polypeptides
known as antimicrobial peptides (AMPs) have
attracted much attention in recent years as novel
antimicrobial agents (Izadpanah & Gallo, 2005;
Benli & Yigit, 2008; Ali & Dacheng, 2013). Mainly,
AMPs causes structural and functional disruptions in
cell membranes even at micromolar concentrations
by directly binding to plasma membrane of the
target cell (Jenssen et al., 2006). The AMPs causes
permeation and lysis of the cell followed by the
interaction of microbe’s receptor with the peptide
(Zasloff, 2002). Also, to some extent it seems
unlikely for bacteria to acquire resistance against
AMPs (Ding & Ho, 2004).

Moreover, the recent successful
introduction of the daptomycin that is lipopeptide
antibiotic (Robbel & Marahiel, 2010), recreated
interest in antimicrobial peptides (Vooturi &
Firestine, 2010). So far, approximately forty MAMPs
(membrane-acting antimicrobial peptides) have
been identified in the venom of 4 different families of
araneomorphs. These MAMPs shows a diverse
range of antimicrobial activities, being potently
active against bacterial as well as fungal agents
(Yan & Adams, 1998). Anti-trypanosomal activity is
also reported from some MAMPs (Kuhn-Nentwig et
al., 2002). MAMPs are amphipathic peptides having
a-helical configuration. MAMPS effectively yield
their antimicrobial effects by causing lysis of plasma
membranes (Kuhn-Nentwig, 2003; Nomura & Corzo
2006; Pukala et al., 2007; Dubovskii et al., 2008).

Interestingly, several biologically active
antimicrobial peptides (AMPs) have been identified
from diverse prokaryotic and eukaryotic origins
(Kastin, 2006; Kuhn-Nentwig, 2009; Peters et al.,
2010). AMPs are also abundantly found in natural
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venoms (Vassili et al.,, 2011). In particular, spider
venoms is simultaneously loaded with dozens of
various AMPs having distinct structures and diverse
mode of actions (Vassilevski et al.,, 2009). In
addition, a wide range of pathogenic organisms
such as Gram-positive and Gram-negative bacteria,
fungi and even viruses are targeted by these AMPs
(Mor & Nicolas, 1994; Zasloff, 2002; Kastin, 2006).

The first description of anti-microbial activity
of spider venom was published in 1989 by Xu et al.
(1989) in the venom of L. singoriensis, a wolf spider.
The venom of L. singoriensis contains antimicrobial
peptides (AMP) which are named as lycocitin 1, 2
and 3 (Budnik et al., 2004). Both lycocitin 1 and 2
peptides are shown to inhibit the growth of gram-
positive bacteria such as S. aureus and B. subtilis
along with gram-negative bacteria i.e. E. coli and P.
aeruginosa bacteria (Xu et al.,, 1989; Liu et al.,
20009).

In another study conducted by Benli and
Yigit (2008) on antibacterial effect of venom of
Agelena labyrinthica (Agelenidae) showed that out
of all 9 bacterial species i.e. B. subtilis,
Enterococcus gallinarium, Enterococcus faecalis, E.
coli, Listeria monocytogenes, Shigella sp.,
Streptococcus pyogenes, S. aureus, and P.
aeruginosa, the one tenth dilution of venom was
effective on five bacterial types (B. subtilis, E. coli,
Shigella sp., S. aureus, and P. aeruginosa). The
bacterial cells treated by dilution of venom undergo
shrinkage and their cell wall displayed depression at
multiple sites. This is probably due to the excessive
loss of cytoplasm from bacterial cell. Moreover, the
venom of another wolf spider L. carolinensis is
found to have two antibacterial toxins namely,
Lycotoxins | and Il. Both of these peptidic toxins
effectively constrain the growth of Gram-negative
bacteria (E. coli) as well as yeast C. glabrata (Yan &
Adams, 1998). Furthermore, the venom of
Lachesana tarabaevi spider (Zodariidae) possesses
peptides known as latarcins. Latarcins are the
cytolytic, antibacterial peptides that causes lysis in
cells of various organisms including cells of gram-
positive and gram-negative bacteria along with
fungal cell i.e. yeast (Kozlov et al., 2006). Also, the
venom of A. labyrinthica is proven to be very
effective against S. aureus which is major cause of
infections acquired in hospitals and is resistant to
many antibiotics like methicillin (Vizioli & Salzet,
2002).

In addition, Haeberlia et al. (2000) isolated
5 antimicrobial peptides from the venom of a
neotropical wandering spider (Ctenidae),
Cupiennius salei. In a study conducted by Kuhn-
Nentwig et al. (1998), the amphipathic structure of
peptides isolated from the venom of same spider, C.

BIOLOGIA (PAKISTAN)

salei were demonstrated to have marked
antibacterial activity. These peptides were tested
against five different bacterial species including
Gram positive bacteria i.e. S. epidermidis and B.
subtilis and gram negative bacteria i.e. E. coli,
Pseudomonas putida and Paracoccus denitrificans.
All the 5 different bacterial strains were found to be
prone to these antibacterial peptides with MICs
ranging between 0.18 to 18 mM. These antibacterial
peptides inhibit growth of bacteria by causing lysis
of the bacterial cells.

The venom of L. erythrognatha (wolf spider)
contains an antimicrobial peptide known as LyeTx I.
It shows marked inhibitory activity against Gram-
positive and Gram-negative bacteria including S.
aureus and the E. coli respectively. Its permeability
decreases about five times in plasma membranes
having sterols associated with POPC (1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine) that contains
cholesterol (vertebrates) but remains unchanged in
membrane containing ergosterol (bacteria, fungi and
other protozoans). Also, LyeTx | shows quite low
haemolytic activity, implying that the preferential
targets of LyeTx | are membranes of microbes
rather than vertebrate membranes. This renders
LyeTx | peptide as a good candidate for further
antibacterial drug development. Moreover, LyeTx |
is anticipated to be very useful in the treatment of
skin and mucosal infections of bacteria (Chen et al.,
2005).

The venom of tarantula, Vitalius dubius,
contains an acylpolyamine called VdTX-l. The
VdTX-I toxin has a significant antimicrobial activity
(fungi, yeast and bacteria), with broad spectrum,
and is experimentally inert to mammalian blood
cells. This toxin also acts relatively fast against the
tested bacteria (Sutti et al., 2015). Moreover, some
antimicrobial compounds are also identified in the
venom of tarantula spider, Haplopelma hainanum
(Zhao et al.,, 2011; Kuhn-Nentwig et al., 2013).
Besides the wusual neurotoxins and cytotoxins,
venom of the lynx spider Oxyopes takobius contains
modular toxins having 2 domains. These modular
toxins are named as spiderines: OtTxla, OtTx1b,
OtTx2a and OtTx2b. These modular toxins possess
potent antimicrobial potential along with enormous
insecticidal activity. OtTxla-AMP is a bactericidal
toxin that restrains bacterial growth at MICs value in
the range of 0.1-10 pM (Vassilevski et al., 2013).
Furthermore, the venom of the O. kitabensis
contains  amphipathic  peptides  known as
oxyopinins. Oxyopinins are shown to have marked
antimicrobial activity along with hemolytic and
insecticidal potential (Corzo et al., 2002).

Therefore, by keeping in sight the above
discussion we can conclude that the biologically
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active components of spider venom can be used as
lead therapeutic agents having targeted action and
significantly reduced side effects.

Bioinsecticidal Potential

More than 10,000 species of arthropods are
believed to be pest organisms worldwide (Windley
et al.,, 2012). It is estimated that arthropod pests
contributes nearly 14% to the destruction of the
world’s annual crop and 20% damage to the stored
food grains (Oerke & Dehne, 2004; Peshin et al.,
2007). This results in approximately 100 billion US$
loss per year (Carlini & Grossi-de-Sa, 2002). Also
many of arthropod pests especially mosquitoes
(Gratz, 1999), midges and flies (Gubler, 2002; Hall
& Gerhardt, 2009) transmit the contagious diseases
by acting as a vehicle for the pathogens (Nauen,
2007). At present, chemical insecticides are chiefly
used to control arthropod pest populations. The use
of chemical insecticides was first established in the
1940s and it remained the primary method for
controlling pest organisms. At that time, DDT
(Organochlorine) emerged as an eminent synthetic
organic pesticide. Its use quickly spread over the
globe as it was inexpensive and was very effective
at killing pests. But in 1960s, bioaccumulatory and
biomagnifying effects of DDT arose concern over its
use. The chemical industry responded to this
concern with new classes of pesticides, which are
less persistent and causes acute toxicity. For that
reason organophosphates and carbamates were
introduced in the 1960s as an effective tool against
pest populations (Casida & Quistad, 1998).
Afterwards the new generation of chemical
insecticides including pyrethroids, neonicotinoids,
ryanoids, formamidines, dinitrophenols,
pyridazinones and quinazolines were extensively
used for controlling pest populations. This massive
use of chemical insecticides in agriculture and for
controlling vectors of infectious diseases, offered an
effective, rapid and comparatively cheap solution for
resolving the problems related to pest. However,
major problems with the use of agrochemicals
rapidly sprung up including (i) hazard to human
health due to non-target specificity of chemical
pesticides, (ii) harmful environmental and ecological
impacts (iii) insecticidal resistance owing to
nonexistence of diversity in bioactivity of these
chemicals (Windley et al., 2012). Owing to these
detrimental impacts on environment and human
health, 169 pesticides were de-registered from Jan
2005 to Dec 2009, with barely nine new pesticides
being registered within the same phase (Dale,
2012).

These problems signify the requirement to

pinpoint new and safer insecticidal agents.
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Therefore, it is pivotal to identify novel insecticides
that are target specific and eco-friendly. Currently
researchers are being focused on bio-insecticides
as an effective and safer alternative to the chemical
insecticides. They employ organisms or their
derivative products i.e., recombinant baculoviruses,
toxin-fusion proteins, transgenic plants, and
peptidomimetics for controlling pest populations
(Windley et al., 2012). The promising sources of bio-
insecticides include microbial agents (viruses,
bacteria, fungi), insect eating (entomophagous)
round worms, plant-derived compounds,
pheromones and resistance genes against insects
incorporated in crops (Copping & Menn, 2000).
Particularly, insecticidal toxins extracted from insect
predators i.e., peptide neurotoxins extracted from
the venom of scorpions (Froy et al., 2000), parasitic
wasps (Quistad & Skinner, 1994), straw itch mite
(Tomalski et al., 1988), and spiders (King, 2007;
Nicholson, 2007), is of rising interest in the
production of bio-insecticides. At present, spider
venom is receiving a great deal of attention as it
comprises of a huge and diverse array of potent
neurotoxic peptides (Windley et al., 2012). Their
venom comprises of rich source of hyper stable
mini-proteins that are selectively insecticidal (Herzig
et al., 2011). These mini protein induce lethality and
paralysis in insects by modulating ion channels,
receptors or enzymes. Among the 800
characterized bioactive spider-venom peptides, 136
peptides are considered to have insecticidal
potential. It is also indicated that out of these 136
peptides, the potent insect-selectivity is exhibited by
thirty eight peptides, thirty four are shown to be non-
selective while sixty four have unspecified selectivity
(Windley et al., 2012). The most familiar recognized
insecticidal targets of spider-venom are voltage
gated sodium and calcium channels, calcium-
activated potassium channels, receptors of N-
methyl-D-aspartate (NMDA), lipid bilayer, and
presynaptic nerve terminals (Vetter et al.,, 2011).
The spiders in most families of araneomorph and
mygalomorph produce toxins that target NaV
channels. Spider toxins alter the neuronal
excitability that results in paralysis and ultimately
death of insects (Catterall et al., 2007). Peptidic
components of spider venom have high affinity and
specificity for the neurotoxin receptor sites on NaV
channels of insects. Therefore, they have potential
to be utilized as bio-insecticides.

w-Hexatoxin-Hvla extracted from the
venom of Australian funnel-web spiders has high
selectivity for the insect’s CaV channels (Fletcher et
al,, 1997; Wang et al.,1999; Chong et al., 2007).
Therefore, it can simultaneously block all of the
subtypes of insect’s high voltage activated (HVA)
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CaV channel. Furthermore, the calcium currents in
the nervous system of rats are not affected by it
(Atkinson et al., 1996). Hence, it is shown to
produce no toxic effects in vertebrates even when
used in 10,000 times greater concentrations (Khan
et al., 2006). Voltage-activated potassium channels
are concerned with the excitability of neurons,
contraction of smooth muscles, regulation of heart
rate and volume of cell, neurotransmitter release
and processes such as cell signaling (Wei et al.,
2005). Insect potassium channels are selectively
targeted by k-Hexatoxin-1 toxin family, extracted
from venom of Australian funnel-web spiders
(Gunning et al.,, 2008). Also several cytolytic
peptides having antimicrobial potential have been
successfully isolated from the venom of
araneomorph  spider. These peptides are
categorized as MAMPs  (membrane-acting
antimicrobial peptides). Short MAMPS show high
activity against Gram positive and negative bacteria
whereas long, linear M-ZDTX-Lt  toxins
(cytoinsectotoxins) are more effective for insecticidal
activity (Vassilevski et al., 2008). Furthermore, the
venom of widow spider of the genus Latrodectus
(Theridiidae) contains 5 insect-specific peptides,
recognized as latroinsectotoxins (LIT) a, B, y, ® and
€. These latroinsectotoxins have phylum-selective
insecticidal activity (Grishin, 1998; Graudins et al.,
2011). Also two of these latroinsectoxins a-LIT-Ltla
(Molecular mass 111 kDa) (Kiyatkin et al., 1993)
and O-LIT-Ltla (molecular mass 130 kDa)
(Dulubova et al., 1996) have been completely
sequenced and cloned. It is believed that these
high-molecular mass proteins induce paralysis in
insects by promoting enormous exocytosis of
neurotransmitter from the nerve terminals. Two
insect ionotropic anion gates have been discovered
in insect CNS neurons named as GluCls (Raymond
et al.,, 2000). The L-glutamate receptors that gate
chloride channels (GluCls) in insects CNS neurons
are prominent target sites for the action of
insecticides. Acylpolyamines are significant low
molecular weight toxins in the venoms of some
spiders. Up till now more than 100 acylpolyamines
have been characterized in spider venom (Atta-ur-
rehman, 2012). It is thought that their primary
purpose in venom is to paralyze insects by blocking
glutamate receptors.

Therefore, we can conclude from above
literature that variety of toxins and peptides isolated
from spider-venom are efficient bio-insecticides.
They can develop a combination of desired features
of high potency, phyletic selectivity, specific target
action, and stable structure. Furthermore,
pharmacological characterization of spider venom
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also revealed novel and unique target sites in
insects. These sites were not exploited by traditional
agrochemicals in past. Thereby discovering novel
insecticide targets for further screening programs in
future. These attributes when combined with the
future prospects recommend spider venom as lead
compound for the generation of bio-insecticides.
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