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ABSTRACT

Conotoxin is a group of neurotoxic peptides isolated from the venom of marine snail. It works in a
concerted manner to shut down the prey’s nervous system. They are potent neurotoxins that
target ion channels & receptors, and inhibit pain pathways by blocking calcium and sodium
channels. It is classified into q, §, v, 6, k, w, p, X, 0, K, conopressin, conantokin, contulakin. Each
conotoxin has its own action for example: sodium channel is inhibited by p-conotoxin where as
activated by §-conotoxins. They are used as tools for research including determining how specific
receptors and channels work. More number of potential pharmaceuticals has been derived from
conotoxins. p-Conopeptide TIA, isolated from the venom of conus tulipa is the only known
conopeptide with activity at adrenergic receptors selectively inhibits human and hamster a1
receptor in an allosteric manner. Ziconotide is a synthetic version of w - conotoxin MVIIA, found
in the venom of fish hunting marine snail, conus magus. Ziconotide is approved by regulatory
bodies worldwide as a therapeutic approach for the symptomatic management of severe chronic
pain and it is non-addictive and does not appear to induce the devolpment of tolearance. There
are an estimated 50,000 to 100,000 conotoxins and approximately 0.1% has been characterized
pharmacologically.
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INTRODUCTION
Conotoxin is a group of neurotoxic pepti
des isolated from the venom of the mari

the ion channels and a smaller number
of receptors found in pain pathways of

ne consnail,genus Conus. Conotoxins, w

hich are peptides consisting of 10 to 30

amino acid residues,typically have one o
r more disulfide bonds. All cone snails
have a venom apparatus and the toxins
found in their venom glands have led
the field in characterizing peptide toxins
from marine snails when venom is
injected into a prey, the conotoxin work
in a concerted manner to shut down the
prey’s nervous system. Conotoxin are
potent neurotoxins that target ion
channels and receptors [1]. The
complement of peptide found in any one
conus venom is different from that
found in the venom of another conus
specimen [2]. Conotoxins act at many of
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particular interest are conotoxins that
inhibit pain pathways by blocking
calcium and sodium channels, the
nicotinic acetylcholine receptor, the
norepinephrine transporter, the NMDA
receptor and the neurotensin receptor
[3]. In this review, an attempt is made to
explore the conotoxins of cone snail
with their detailed mechanism of action
and their therapeutic potentials.
Calcium channel inhibitors (w -
Conotoxin)

Ca?* influx into nerve terminals through
voltage sensitive calcium channels
(VSCCs) is the trigger that initiates
neurotransmitter release. These
channels have been classified into six
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groups according to their
electrophysiological and
pharmacological properties, termed L-,
N-, P-, Q-, T-, and R-types [4]. Studies
investigating the role of VSCCs in

Table 1: Types of Conotoxin

ISSN: 2278-6074

neurotransmitter release have
suggested that the release of a
particular neurotransmitter is coupled
to the activity of different calcium
channel subtypes in different neurons.

CLASS ACTION

o conotoxin
receptor

Y conotoxin
8 conotoxin
K conotoxin
K conotoxin
o conotoxin
w conotoxin

Competitively block muscle vertebrate neuronal nicotinic Ach

Activate pacemaker cationic channels

Activate predominantly sodium channels

Block potassium channels

Block vertebrate muscle/nerve sodium channel
Inhibit 5HT3 channel

Block N-type or P/Q type vertebrate calcium channels

Inhibit vertebrate NMDA glutamate channels

Act as reversible noncompetitive inhibitor of the neuronal

Conopressin Vasopressin agonist
Conantokin

Contulakin Bind to neurotensin receptor
X conopeptide

Rho conotoxin
receptor

noradrenaline transporter
Acts as reversible noncompetitive inhibitor of a; adrenergic

Ikot-Ikot conopeptide  Enhancement of AMPA receptors

In addition, multiple splice variants of
calcium channels exist in central and
peripheral tissues [5]. Given this
diversity, considerable opportunity
exists to develop selective inhibitors of
VSCCs. w-Conotoxins are unique tools
with which to identify and determine
the physiological role of different
neuronal VSCCs [6, 7].

Since N-type (Cav2.2) VSCCs play a role
in the ascending pain pathways and are
upregulated in the spinal cord in
chronic pain states, it is not surprising
that w - conotoxins specific for N-type
VSCCs are potent analgesics [8].
Extensive structure-activity relationship
studies have allowed the development
of a pharmacophore model for w-
conotoxins [9] that may allow the
rational development of specific N-type
VSCC inhibitors. Recently, w -CVID was
found to inhibit an otherwise resistant
VSCC found in parasympathetic nerve
terminals despite being 106-fold
selective for N-type over P/Q-type
VSCCs [10]. The implications of
inhibiting this ‘R-type’ calcium channel
for pain conditions are unclear, but

R Samundeswari et.al, [JPRR 2014; 3(11)

these neurons arise from cell bodies in
the spinal cord that could play a role in
spinal signal processing. Subnanomolar
bolus intrathecal doses of w - MVIIA or
w -CVID produce analgesia for up to 24
h in inflammatory [5] and neuropathic
[11] pain models, with w - CVID
displaying a wider therapeutic index
than w -MVIIA. o - MVIIA (SNX111,
Ziconotide or Prialt, Elan) is in late
Phase III, while w -CVID (AM336,
AMRAD) is entering Phase II clinical
trials for the treatment of chronic pain.
Sodium channel inhibitors. (-
conotoxin)

Like the structurally related VSCCs,
voltage sensitive sodium channels
(VSSCs) play a key role in the nervous
system. Based on their susceptibility to
block by tetrodotoxin (TTX), which acts
at ‘site 1’ in the P- loop region of the a-
subunit, VSSCs can be divided into TTX-
sensitive (TTX-S) and TTX-resistant
(TTX-R) classes. Members of both
classes share considerable sequence
homology and are closely related
structurally [12]. These include the
neuronal TTX-S type I/Navl.l, type
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II/Nav1.2, type 1II/ Nav1.3, PN1/Nav1.7
and PN4/Nav1l.6, and the skeletal
muscle TTX-S m1/Nav1l.4. The TTX-R
sodium channels include the cardiac
H1/Nav1l.5 which is partially TTX-
resistant, and the neuronal TTX-R
SNS/PN3/Nav1.8 and
NaN/PN5/Nav1.9. A number of these
VSSC subtypes are implicated in clinical
states such as pain stroke and epilepsy.
Given their critical role in the central
and peripheral nervous system, it is not
surprising that a number of marine
venoms from sea anemone, coral and
cone snails have evolved to target these
channels. While sodium channel
activators are typically toxic (e.g,
ciguatoxins), subtype selective
inhibitors may have considerable
therapeutic potential. Despite this
therapeutic potential, little progress has
been made towards the development of
peptides that are subtype selective
inhibitors of VSSCs. Given the latent
pharmacology revealed by TTX, pore
blockers such as the p-conotoxins [13]
appear to hold most potential to be
subtype selective inhibitors of VSSCs. In
contrast, the intramembrane local
anesthetic site where many classes of
small molecules act is conserved across
the different VSSCs and could be more
problematic for conferring subtype
discrimination. However, state- and
frequency-dependent block producing
functional selectivity has allowed the
therapeutic use of less selective
compounds in the treatment of epilepsy,
neuropathic pain, and arrhythmias.
Sodium channel activators (6-
conotoxins)

The &-conotoxins inhibit fast Na
inactivation and shift the voltage-
dependence of activation to more
negative  potentials, resulting in
excitatory activity, prolonged action
potentials and persistent neuronal
firing [14]. While little is known about
the subtype selectivity of §-conotoxins,
and hence their therapeutic potential,
subtype-selective Na, activators might
find applications in a range of
conditions including arrythmias and
certain types of epilepsy [15].
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Antagonists of nicotinic acetylcholine
receptors (a- conotoxins)

The nicotinic acetylcholine receptors
(nAChRs) are a family of pentameric
ligand gated cation channels that play a
key signalling role at synapses and
neuromuscular junctions. The a-
conotoxins are a large and growing class
of small peptides from cone snails that
competitively inhibit specific subtypes
of the nAChR [16]. Muscle selective o
conotoxins may  represent  an
alternative to the use of small molecule
curaremimetic muscle relaxants, which
are used during surgery but have
slower than ideal recovery periods.
Interestingly, the novel a conotoxin,
Vcl.1, has been identified as having
potential analgesic properties following
peripheral administration to rats [17].
This result contrasts the analgesic
effects usually attributed to agonists of
the nAChR acting centrally and appears
to be mediated by either via the GABA,
receptor or the a9a10 receptor [18-20].
Unfortunately, Metabolic has
discontinued clinical trials of Vc1.1 due
to an anticipated lack of efficacy in
humans (affinity for the human form of
the receptor is reportedly much lower
than for the rat form) Considerable
efforts have gone towards improving
the understanding of the structural
requirements for subtype-selective
inhibition of nAChR by a-conotoxins, as
well as better synthesis approaches
which could improve the biophysical
properties of these peptides [21-23].
Such  optimized  subtype-selective
peptides could, in addition to pain, also
find applications in smoking cessation
and treating diseases such as
schizophrenia and Parkinson’s disease.
NMDA receptor antagonists
(conantokins)

Conantokins are specific inhibitors of
the  N-methyl-D-aspartate = (NMDA)
receptor. They are helical peptides that
competitively inhibit glutamate
activation, especially at NR2B receptors
[24]. Analogues of conantokin-G
discriminate among different NMDA
receptor subtypes in human brain [25].
The anti-epileptic effects of the
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conantokins have been explored by
Cognetix Inc. Reflecting a likely role of
NMDA receptors in pain neuroplasticity,
Malmberg et al [26] showed that
intrathecal conantokin G or T also have
analgesic activity in pain models of
tissue damage (formalin test), nerve
injury (partial sciatic nerve ligation)
and inflammation (complete Freund’s
adjuvant) in mice at doses that were 20-
fold lower than those required to impair
motor function. Thus, subtype specific
inhibitors of the NMDA receptor also
have therapeutic potential in the
management of pain.

Norepinephrine transporter
inhibitors (x- conopeptides)
x-conopeptides first isolated from Conus
marmoreus  are  highly  specific,
noncompetitive inhibitors of
norepinephrine uptake through the NET
that produce potent analgesia in rats
[27]. A synthetic variant of the x-
conotoxins (Xen2174) is currently being
developed as a novel analgesic [28].
Xen2174 is currently being evaluated
intrathecally in a Phase [/Ila safety trial
in cancer patients suffering otherwise
unmanageable pain. Initial results are
promising both in terms of safety and
efficacy [29]. Interestingly, the binding
site for x-conopeptides on the NET
partially overlaps the tricyclic anti-
depressant binding site but not the NE
binding site, providing clues to the
development of noncompetitive small
molecule inhibitors [30].

Neurotensin receptor agonists

(contulakins)
Cone snails produce a glycosylated
neurotensin analogue named

contulakin-G [31] that is a potent
analgesic in a wide range of animal
models of pain [32]. Interestingly,
contulakin-G is 100-fold less potent
than neurotensin for NTR1, but 100-fold
more potent as an analgesic, suggesting
an additional mechanism(s) of action
besides activation of NTR1. Based on its
potency and wide therapeutic window,
contulakin-G (CGX-1160) is in early
stage clinical development for the
treatment of pain.
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5-HT; receptor antagonists ( o-
conotoxins)

5-HT; receptors are widely expressed
throughout the central and peripheral
nervous systems, as well as in non-
neuronal tissues, in particular the gut,
where they regulate gastrointestinal
motility and emesis [33]. The o-
conotoxin GVIIIA, a 41 aminoacid
peptide, is the only conopeptide
inhibitor of this non-selective cation
channel [34]. GVIIIA, which
competitively inhibits 5-HT3, contains
10 cysteines (5 disulfide bonds), an
amidated C-terminus and a
posttranslationally modified 6-
bromoptryptophan. Due to its size and
disulfide bond complexity, little is
known about the structure-activity and
pharmacological properties of this class
of conopeptides. While the therapeutic
potential of the o-conotoxins has not
been explored, GVIIIA and analogues
might find similar applications to small
molecule 5-HT; antagonists in the
treatment of nausea and vomiting, as
well as irritable bowel syndrome.
AMPA receptor enhancers (ikot-ikot
conopeptides)

AMPA receptors are non-NMDA
ionotropic glutamate receptors that
mediate fast synaptic transmission in
the central nervous system (CNS) and
may be involved in several neurological
conditions, including epilepsy, pain,
depression and schizophrenia [35].
They consist of 4 subunits which are
arranged as a dimer of dimers to form a
functional channel, and desensitize
rapidly through a process involving
conformation rearrangement of the
glutamate binding subunits [36]. A
novel polypeptide named con-ikot- ikot
from Conus striatus inhibits AMPA
desensitization and greatly enhances
current magnitudes. Con-ikot-ikot is a
large, 86 amino acid polypeptide with
13 cysteines, corresponding to a
molecular weight of 9432 Da. The
functional form  of con-iko-ikot
assembles as a dimer of dimers and
potentially locks the receptor in the
active configuration through
simultaneous association with each of
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the AMPA receptor subunits [37]. While
the therapeutic potential of con-ikot-
ikot has not been explored, enhanced
AMPA receptor activation or decreased
desensitization has been proposed as a
therapeutic strategy for the treatment
of cognitive dysfunction [38].
ai-adrenoceptor antagonists (p -
conopeptides)

The actions of norepinephrine
(noradrenaline) on blood pressure,
myocardial and smooth  muscle
contractility and CNS function are
mediated by several classes of
adrenoceptors, which are broadly
categorized as o 1- o - and f-
adrenoceptors based on anatomical
localization and functional properties
[39]. Each of these groups of
adrenoceptors is further subclassified,
based on  pharmacological and
molecular characteristics (a 14, a 18 and
o 1p; 024, o2 and a 2¢; B 1, B 2 and B 3)
[40,41]. The small p-conopeptide TIA,
isolated from the venom of Conus tulipa
[27], is the only known conopeptide
with activity at adrenergic receptors.
This nineteen amino acid (2 disulfide
bonds) peptide selectively inhibits
human and hamster a 1g receptors in an
allosteric  (insurmountable) manner
[42]. TIA is also one of the most
subtype-selective o 18 adrenergic
antagonists known, with approximately
10-fold selective for human o 15 over «
1a and o 1p [43]. The residues
responsible for the high affinity
interaction of TIA with the 1B receptor
include N2, W3, R4, L7 and I8 [42].
Interestingly, the I8A analogue did not
only display reduced affinity for the 1B
receptor, but also functioned as a
competitive rather than an allosteric
antagonist [43]. The F18A (and F18N)
analogues of TIA had increased
selectivity for oig over other receptor
isoforms, making these peptides useful
probes for distinguishing the role of
particular al-adrenoceptor subtypes in
native tissues. The therapeutic
potential of L-conopeptides remains to
be established. aig-adrenoceptors
mediate contractions in a number of
tissues, including the human prostate,
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but may be less important for
maintenance of basal blood pressure
[44], suggesting p-TIA may be useful for
the treatment of benign prostatic
hypertrophy, with minimal adverse
effects on orthostatic hypotension or
reflex tachycardia. In addition,
overexpression of the Q1B
adrenoreceptor was associated with
apoptotic  neurodegeneration [45],
suggesting that subtype selective
antagonists may find applications in
neurological disease.

Vasopressin and oxytocin agonists
and antagonists (conopressins)

The oxytocin and vasopressin receptors
belong to the GPCR family (A class of 7-
transmembrane receptors) that is
activated by oxytocin and vasopressin
respectively. The oxytocin receptor is
highly expressed on the myoepithelium
of the mammary gland as well as
uterine myometrium and endometrium.
Accordingly, activation of the oxytocin
receptor stimulates the contraction of
uterine and mammary myocytes during
parturition and lactation, respectively
[46]. In addition, oxytocin receptors are
also expressed in the central nervous
system, where they contribute to
complex social behaviours including
maternal care, social attachement and
stress related behaviour [47]. In
contrast, at least three different
isoforms of vasopressin receptors have
been described: V1 (or V1a), V2 and V3
(or V1b) [48]. V1, which is coupled to
activation of phospholipase C, is
involved in blood pressure regulation
and vasoconstriction, while the
adenylate cyclase coupled V2 regulates
water homeostasis and produces
antidiuresis. V3, which also couples to
activation of phospholipase C, is
responsible for corticotrophin release
from the pituitary gland. Accordingly,
these  receptors are  promising
therapeutic targets in a range of
diseases. However, the high sequence
homology of oxytocin and vasopressin,
in conjunction with conservation of the
extracellular binding domains of the
oxytocin and vasopressin receptors,
results in poor selectivity of these
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peptides at their respective receptors
[49,50]. Functional specificity is thus
not conferred through pharmacological
selectivity, but rather through complex
physiological  processes  involving
spatial and temporally restricted
receptor expression, controlled peptide
release and rapid breakdown [51].
Conopressins were isolated from the
venom of fish hunting cone snails [52]
and likely represent endogenous
invertebrate homologues due to the
high sequence similarity of vasopressin
to conopressin-G and conopressin-T.
However, based on the discovery of
divergent conopressins from other cone
snail species, continued evolution as a
venom peptide appears likely [53-55].
Interestingly, conopressin-T was a V1
antagonist and a partial agonist at OTR
[54], with a single substitution to V9
replicating this functional switch in
vasopressin and oxytocin [54]. This
single change missed during SAR
analysis of the oldest class of bioactive
peptide, highlights the potential of these
conopeptides as templates for subtype-
selective modulators of oxytocin and
vasopressin  receptors. Given that
intranasal delivery of oxytocin and
vasopressin  produces  therapeutic
systemic effects, subtype specific
peptidic conopressin analogues could
be particularly promising therapeutic
leads.

MEDICAL APPLICATION

Conotoxins are employed in both basic
science  investigations and for
therapeutic explorations. Conotoxins
are used as tools of research including
determining how specific receptors and
ion channels work. Conotoxins have
potential roles in the direct treatment of
disease. The w-conotoxins are used in
neuroscience research to study calcium
channel subtypes [80]. A variety of
conotoxins are used to understand
specific sodium channels. A number of
potential pharmaceuticals are being
derived from conotoxin. k-conotoxin
PVIIA may have cardio protective
effects [62]. Analogues of a-CTx MI], a
centrally acting nicotinic blocker
derived from Conus geographus, may
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have a role in treating Parkinson’s
disease. Other centrally acting a-
conotoxins could be useful in treating
Alzheimer’s disease, nicotine addiction,
and in pain management [57].
Prospective therapeutic or research
uses of conantokins include pain,
epilepsy, stroke, and Parkinson’s
disease. The - family inhibits
norepinephrine transport and thus is
potential treatments for attention-
deficit/hyperactivity disorder or
depression. Conotoxins that block
Nav1l.6 and Navl.2 channels may
mitigate the inflammatory process in
multiple sclerosis. Other conotoxins
may have applications for studying
schizophrenia [81]. There are an
estimated 50,000 to 100,000 conotoxins
and approximately 0.1% have been
characterized pharmacologically [62].
Ziconotide

It is also known as SNX-111, is a novel
non-opioid analgesic drug. It is a
synthetic version of w-conotoxin MVIIA
(w-MVIIA), which is a peptide that is
found in the venom of the fish-eating
marine snail, Conus magus. Ziconotide
was recently approved by regulatory
bodies worldwide as a therapeutic
approach  for the  symptomatic
management of severe chronic pain,
particularly in patients who are
refractory to treatment with morphine
and for whom intrathecal therapy is a
viable  option. The  “Ziconotide
Intrathecal Infusion” product is
marketed by Elan Pharmaceuticals as
Prialt®.It’s mechanism of action
involves potent and selective block of
presynaptic neuronal N-type calcium
channels in the spinal cord. In fact, it is
the only selective N-type channel
blocker that is currently approved for
clinical use. Evidence suggests that
ziconotide delivers its antinociceptive
efficacy by reducing the release of
pronociceptive neurotransmitters in the
dorsal horn of the spinal cord, thereby
inhibiting pain signal transmission.
Importantly, ziconotide is non-addictive
and does not appear to induce the
development of tolerance [82].
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Table 2: Source and Site of Action of Therapeutic Conopeptides

CONOPEPTIDE CONUS SPECIES TARGET REFERENCE
o - conotoxin VC 1.1 Conus victoriae Cpmpe‘gtwe blocker of selected neuronal type 18
nicotinic Ach receptor
a - conotoxin Vcl.1 Conus victoriae Inhibit N- type calcium channel 56
o - conotoxin GI
a - conotoxin GIA L 57
o - Conotoxin GII Conus geographus  Nicotinic Ach receptor
o - conotoxin CTXIMI Conus imperidis Nicotininc Ach receptor 58
a - conotoxin PIVA Conus Nicotinic Ach receptor 59
purpurascens
- conotoxin RglA Conus regius Inhibit a9a10 nAch receptor 60
6 - conotoxin PVIA Conus Delays sodium channel inactivation 61
purpurascens
6 - conotoxin SVIE Conus striatus Slow the inactivation kinetics of VGSCs 61
6 - conotoxin TXVIAI Conus textile Inhibits Na current inactivation 62
0 - conotoxin Ng VIA C?nus Inhibits Na current inactivation 63
nigropunctatus
K - conotoxin PVIIA Conus K channel inhibitor 18
purpurascens
u - conotoxin PIIA Conus Blocks sodium channel 59
purpurascens
po - conotoxin Mr VIA Conus marmoreus  Blocker of sodium channel 64
w - conotoxin MVIIA Conus magus Block N- type ca2+ channel specific sub type 65
w - conotoxin SVIB Conus striatus P/Q-type 66
w - conotoxin MVIIC Conus magus P/Q/N-type 67
w - conotoxin CVIA Conus catus N-type 7
w - conotoxin CVIB Conus catus N/P/Q-type 7
w - conotoxin CVIC Conus catus N/P/Q-type 7
w - conotoxin CVID Conus catus Block N-type calcium channel 7
w - conotoxin TVIA Conus tulipa N-type 68
w - conotoxin TxVII Conus textile L-type 69,70
® - conotoxin SVIA Conus striatus Block calcium channel subtypes 66
w - conotoxin GVIA Conus geographus  N-type 71
: Acts as reversible noncompetitive inhibitor of
X conopeptide Conus marmoreus 27
neuronal NA transporter
Contulakin-G Conus geographus  Binds to neurotensin receptor 26
. Selective inhibitor of the NMDA
Conantokin-G Conus geographus receptor(NR2B) 26
. , Selective inhibitor of the NMDA
Conantokin-T Cous tulipa receptor(NR2A) 26
Conopressin-S Conus striatus Vasopressin antagonist 72
Conopressin-G Conus geographus  Vasopressin antagonist 52
Conopressin-T Conus tulipa Vasopr.essm antagonist, partial agonist at 73
oxytocin receptor
Conotoxin Pn IVB Conus pennaceus Blocker of sodium channel 74
Y conotoxin PIIIF Conus Antagonist of nicotinic Ach receptor 75
purpurascens
: Conus o C
Y conotoxin PIIE Inhibitor of nicotinic Ach receptor 76
purpurascens
Conotoxin So3 Conus striatus N- type 77
Rho conotoxin TIA Conus tulipa Inhibitor of a1 adrenergic receptor 27
p-conotoxin . .
(geographutoxin I& I1) Conus geographus  Binds to sodium channel 78,79
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CONCLUSION
Conotoxin plays an important role in
medical field, particularly in pain
management. They block pain neural
pathways by blocking the voltage gated
calcium channel (N- type). The values of
conopeptides are increasingly
apparently, with  both  naturally
occurring as well as in synthetic form.
Some of these new drug candidates
have entered clinical trials, several of
them targeted to the treatment of
intractable neuropathic pain. To
develop this potential, future work
needs to incorporate novel approaches
to take better advantages to the unique
pharmacological properties of
conotoxins.
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