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Venom peptides have been evolving complex therapeutic interventions that potently and selectively modulate
a range of targets such as ion channels, receptors, and signaling pathways of physiological processes making it
potential therapeutic. Several venom peptides were deduced in vivo for clinical development targeting pain
management, diabetes, cardiovascular diseases, antimicrobial activity. Several contributions have been
detailed for a clear perspective for a better understanding of venomous animals, their venom, and their phar-
macological effects. Here we unravel and summarize the recent advances in wide venom peptides across vari-
eties of species for their therapeutics prospects.
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Introduction

Several toxins have evolved among plants, animals, and microbes,
as a part of their defence and to capture their prey (Lewis and Garcia,
2003). Many of these toxins are identified as peptides by nature. As
many of such peptides are being established as highly selective and
are relatively safer potent therapeutics (Pennington et al., 2018).
The non‐peptide toxins are typically orally active whereas the peptide
toxins are found usually in animal venoms that are associated with
special organs that are meant to deliver them via intramuscular, subcu-
taneous, or intravenous routes (Lewis and Garcia, 2003).

The venom of spiders, wasps, scorpions, and snakes is comprised of
a mixture of bioactive proteins, peptides, and small molecules that can
be proved deadly to the target prey (Yang et al., 2013). Among these,
the venom peptides are one of the most aggressive molecules and have
a lot of potentials that have been identified. The venom peptides by
nature act as ligands of ion channels that are being extensively used
in the pharmacological characterization of several ion channels and
their receptors (Mobli et al., 2017). These are designed with disulfide
bridges with a compact folding by nature that remains stable while
injecting it in in vivo (Sabatier et al., 2013). In addition, they possess
other favorable characteristic features such as small size with high sta-
bility; the diversity of the folds are used as an advantage for a func-
tional derivation of the venom peptides (De Waard and Sabatier,
2006). The peptides after isolation as single compounds can be used
at suitable concentrations, and thus venom‐derived peptides are
becoming as useful drugs (Pennington et al., 2018). As the overall
number of these venom‐derived bioactive peptides that are progress-
ing successfully towards the treatment is still limited in the current
therapeutic field, their prospects tend to be very promising
(Pennington et al., 2018).

Snake venoms are advance killer machines, which are pharmaco-
logically characterized natural toxins. They act on a myriad of exoge-
nous targets such as ion channels, receptors and enzymes within cells
or on the cell membrane. Daboia russelii (Russell’s viper) (Kameshwar
et al., 2017); Bungarus caeruleus (Law et al., 2014); Echis carinatus
(Katkar et al., 2014), and Naja naja (Neema et al., 2020) are the most
perilous snakes in Indian subcontinent causing morbidity and mortal-
ity and also one among the big four family of venomous snake. The
pathophysiology of Daboia russelii envenomation includes intense local
effects (hemorrhage, edema, myonecrosis and alterations in coagulant
system) and systemic effects (myotoxicity, neurotoxicity and systemic
bleeding) (Nijaguna Prasad et al., 1996).
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The toxins from the venoms can be either cytotoxins, cardiotoxin,
hemotoxins, myotoxins, nephrotoxins, and neurotoxins. Snake venom
sPLA2 from Elapidae and Hydrophiidae family belongs to the group I of
sPLA2, whereas Viperidae and Crotalidae to group II, which is further
subdivided into two main subgroups, depending on the residue at posi-
tion 49 in the primary structure: D49 which are enzymatically active
and K49 which possess low or no enzymatic activity (Lomonte and
Calderón, 2003). Isoforms of sPLA2 which are predominately involved
in inflammatory cascades of variety of tissue and cells are highly up
regulated in response to inflammatory stimuli. Southern Indian regio-
nal Daboia russelii venom contains sPLA2s which are highly toxic and it
constitute about 70% in the whole venom protein when compared to
northern, western and eastern regions (Jayanthi et al., 1989).

Phospholipase A2 (PLA2) enzyme cleaves fatty acids at the sn‐2
position of glycerol backbone phospholipids releasing free fatty acid
and lysophospholipid (Kameshwar et al., 2017; Dennis, 2000; Vivek
et al., 2014). Isoforms of sPLA2 predominately involved in inflamma-
tory cascade in variety of tissue and cells are highly up regulated in
response to inflammatory stimuli both by external and internal is cat-
egorized as group as GIIa sPLA2 (Group‐IIa sPLA2) enzyme. The reac-
tion is of particular importance when the fatty acid released from
the sn‐2 position is arachidonic acid. Arachidonic acid can be oxida-
tively metabolized by cyclooxygenase and lipooxygenase enzymes to
prostaglandins, thromboxanes, prostacyclins and leukotrienes, which
are the mediators of inflammation. Lysophospholipid containing a cho-
line head group and an alkyl linkage in sn‐1 position act as the proin-
flammatory mediator for platelet activating factor, these
proinflammatory molecules enhances the severity of inflammation
(Dennis, 2000; Burke and Dennis, 2009; Dileep and Sadasivan, 2011).

Pain is one of the common features experienced in most injuries
and tissue damage. At present, the International Association for the
Study of Pain (IASP) has defined pain as “An unpleasant sensory and
emotional experience that is associated with actual or potential tissue
damage or described in terms of such damage” (Raja et al., 2020). The
venomous organisms have been frequently stereotyped as pain‐
inflicting and causing distresses which have been historically vilified
by mankind. Surprisingly the same venoms that can cause pain if
directly injected into a host animal can turn into next‐generation anal-
gesia when injected by a clinician (Trim and Trim, 2013). Pain is said
to be the most common feature of any disease, that may accompany us
from an early age with its protective mechanism while the body
responds to any harmful stimulus (Swieboda et al., 2013). Pain is
not only a direct output of nociception but also interacts with several
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inputs such as attention, affective dimensions, autonomic variables,
immune variables, and more (Cortelli et al., 2013).

Based on their characteristic features, pain can be classified into
acute pain, chronic pain, somatic pain, visceral pain, neuropathic pain,
allodynia, hyperalgesia, and referred pain. Among these, chronic pain
has been notoriously defined as the pain which can last much longer
than its usual course of acute injury in any disease condition or the
pain that may recur for months or years (Raffaeli and Arnaudo, 2017).

The general physiological process involved in mediating the pain is
as follows (Cortelli et al., 2013):

During any injury, an “inflammatory soup” is generally produced
at the site of injury to stimulate and activate the nociceptors

↓
The afferent nociceptors from the periphery can transmit noxious

signals to the projection neurons that are located in the dorsal
horn of the spinal cord

↓
Cells in the dorsal horn are present as layers of physiologically
distinct sections which are referred to as laminae. A subset of

these projection neurons which are based on the type of
synapse in the laminae formed by the nociceptive fibre can

relay the information to the somatosensory cortex through the
thalamus that can provide information about the spatial

features and the intensity of the painful stimulus
↓

These projection neurons can engage the cingulate and insular
cortices via connections with the parabrachial nucleus of the
brainstem along with the amygdala is considered to be the
ascending pathway that initiates the conscious perception of

pain
↓

The ascending information can also prompt the neurons of the
rostral ventral medulla and midbrain periaqueductal gray

which can engage the descending feedback systems to regulate
the output from the spinal cord

↓
Modulate pain sensation
The modulation event may take place at all the levels of nociceptive
pathways via the primary afferent neuron, dorsal horn, and higher
brain centers through up‐regulation or down‐regulation (Yam et al.,
2018). The release of hormones and other substances such as endoge-
nous opioids, GABA, glycine may have analgesic properties to limit pain
sensation whereas, chemicals such as substance P (SP), glutamate, and
aspartate can act on the spinal cord and excite the perception of pain
(Cortelli et al., 2013).

The opioid receptors are localized in the peripheral and central ner-
vous systems primarily within the pain pathways (Thobois et al.,
2018). The most common μ receptors are present in the thalamus,
striatum, locus coeruleus, while δ receptors can be located in the cor-
tex, striatum, pons, and the κ ones may be found in the hypothalamus,
nucleus accumbens, substantia nigra, ventral tegmental area, and soli-
taries tract nucleus (Thobois et al., 2018). Most of the pharmacologi-
cally useful proteins that can be represented as target classes for
pain therapeutics are generally G‐protein‐coupled receptors (GPCRs),
or enzymes, or ion channels and can be even growth factors (Trim
and Trim, 2013). The GPCRs are commonly used as drug targets along
with ion channel and enzyme inhibitors such as cycloxygenases (COX).
A number of these venom peptide analgesics are being studied and
have been shown to possess a potential role that can target specific
classes of the pain mediating pathway.
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Methodology

This systematic review aimed to study the various venom in pain
management. Several research articles are been published related to
venom in pain management/ antinociception therapeutics in elec-
tronic form in international database of Scopus, Pubmed, Google Scho-
lar and Science Direct from 2000 until 2021 were investigated. Search
using Nociception, pain, venom, toxins, ion channel, analgesic, ven-
omics, peptides, proteins, and FDA keywords with and/or operators
in title and abstract was conducted. Studies results are reported in
table with discussion.

Bee venom-Melittin

Many studies have shown that melittin has potential glucose and
lipid‐lowering properties which mediates via several mechanistic path-
ways. The major anti‐diabetes property of melittin is by increasing
insulin secretion by depolarizing the pancreatic β‐cells (Hossen et al.,
2017). In another study by Duffy et al., reported that honey bee venom
and melittin were found to suppress the activation of EGFR and HER2
by causing interference with their receptor phosphorylation in the
plasma membrane studied in breast cancer cells. Further mutational
studies found that the positive charge on the C‐terminal sequence of
melittin mediated the interaction with plasma membrane interaction
and the anticancer property (Duffy et al., 2020) (Table 1). Melittin
was able to reduce cell viability in leukemia cell lines such as acute
lymphoblastic leukemia (CCRF‐CEM) and chronic myelogenous leuke-
mia (K‐562) by inducing apoptosis via the intrinsic/mitochondrial
pathway (Ceremuga et al., 2020). Mellitin was also shown to be fast‐
acting on cancer cell lines; was found to mediate cell membrane
changes within one minute of exposure in AGS, COLO205, and HCT‐
15 cell lines (Soliman et al., 2019). In vitro studies have also shown
melittin to exhibit antibacterial activity that was more pronounced
against MRSA strains, in comparison with other Gram positive bacte-
ria; further In vivo studies also showed MRSA infected mice treated
with melittin, successfully exhibited recovery fromMRSA infected skin
wounds (Choi et al., 2015).

Cobra venom-Captopril

In the early 19800s the discovery of the ACE inhibitors and the iso-
lation of captopril was one of the huge advancements in cardiovascular
medicine, alongside the then used beta‐blockers, calcium channel
blockers, and statins (Péterfi et al., 2019). Captopril was the first
ACE inhibitor approved for human use in 1981 which was developed
based on the structure of bradykinin potentiating peptide that was iso-
lated from the venom of the Brazilian pit viper, Bothrops jararaca
(Péterfi et al., 2019). Captopril was designed as a miniature version
of the original molecule due to its cost of isolation and inability to
administer orally; with the addition of a succinyl group to a proline
residue, thereby allowing its oral administration (Bordon, 2020). This
amino acid residue which was found at the C‐terminal of BPP5a is one
of the most active peptides of bradykinin potentiating factor which
was found to be responsible for interacting with ACE (Bordon, 2020)
(Table 1). Captopril was added to standard therapy after acute myocar-
dial infarction found that early or late administration improved sur-
vival and reduced cardiovascular morbidity, especially in selected
high‐risk patients (Plosker and McTavish, 1995).

Scorpion venom-Chlorotoxin

Scorpion venom Chlorotoxin isolated from the Israeli scorpion Leiu-
rus quinquestriatus; belongs to a family of chlorotoxin (CTX)‐like pep-
tides (Table 1) has been known for insecticidal activity, has
potential ability to interact specifically with brain cell tumors such



Table 1

Sl
no

Name of the
molecule

Source Sequence Molecular
Weight

Target Status of the
research

Drug
approved/
designed

Marketing Reference

1 Melittin Apis mellifera GIGAVLKVLTTGLPALISWIKRKRQQ 2846.5 Da Lymphatic System Experimental
Evidence At Protein
Level

Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
Melittin

2 Captopril Bothrops jararaca APPGlPSPPA 217.29 Da Angiotensin-Converting Enzyme,
72 Kda Type Lv Collagenase

Completed Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
44093

3 Chlorotoxin Leiurus
quinquestriatus

MCMPCFTTDH QMARKCDDCC GGKGRGKCYG PQCLCR 3996 Da Glioblastoma Experimetal Evidence
At Protein Level

Not approved Research use
only

https://pubchem.
ncbi.nlm.
nih.gov/compound/
86278273

4 SLPTX Family Ethmostigmus
rubripes

MAFQVVLLSFALVVVLAVFD PCPSDCKCDVRSNQCRPV
NDDVHPNVCINHYCIGVHLAKR EQRPELPHGA WDDSSEEKDS EASLA

111.148 Da Histamine H1 Receptor,
Histamine H2 Receptor

Experimetal Evidence
At Protein Level

Not approved Research use
only

https://www.
uniprot.org/
uniprot/
A0A023VZH1

5 Conotoxin M I Conus magus GRCCHPACGKNYSC 1437.6 Da Voltage-Gated Sodium Channels Experimetal Evidence
At Transcript Level

investigational Research use
only

https://www.
uniprot.org/
uniprot/P01521

6 Exenatide Lacertilia HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPS 4187 Da Glucagon-Like Peptide 1
Receptor

Experimental
Evidence At Protein
Level

Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
45588096

7 Bivalirudin Hirudinea FPRPGGGGNGDFEEIPEEYL 2180.317
Da

Prothrombin No Information Is
Available On The Use
Of Bivalirudin, An
Alternative Drug Is
Preferred

Approved prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
16129704

8 Tirofiban Echis AGA 440.60 Da Integrin Alpha-Iib, And Integrin
Beta-3

Completed Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
60947

9 Apitoxin Apis mellifera GLGVLLVLTGLPALISTILALAGG 2803.4 Da Central Nervous System Completed Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
133082063

10 Cobrotoxin Naja Naja LECHNQQSSQTPTTTGCSGGETNCYKKRWRD
HRGYRTERGCGCPSVKNGIEINCCTTDRCNN

6957 Da Acetylcholine Receptor Inhibiting
Toxin, Ion Channel Impairing
Toxin, Neurptoxin, Postsynaptic
Neurotoxin.

Experimental
Evidence At Protein
Level

Approved Prescription https://www.
uniprot.org/
uniprot/P60770

11 Desirudin Hirudinea VVYTDCTESGQNLCLCEGSNVCGQGNKCILGSDGE
KNQCVTGEGTPKPQSHNDGDFEEIPEEYLQ

6963.52 Da No Target Organ Completed Approved in
some cases

It is used only
for research
and
educational
purposes.

https://pubchem.
ncbi.nlm.
nih.gov/compound/
16129703

12 Enalapril Bothrops jararaca Unk-A-P-OH 376.453 Da Angiotensin Converting-Enzymes Completed Approved Prescription
in some cases
discontinued

https://pubchem.
ncbi.nlm.
nih.gov/compound/
5388962

13 Eptifibatide Sistrurus miliarius CXGDWPC 832.0 Da Integrin Beta-3 Ongoing Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
448812

14 Lixisenatide Heloderma
suspectum

HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPSKKKKK 4858.56 Da Glucogon Like Peptide-1
Receptor

Completed Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
90472060
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Table 1 (continued)

Sl
no

Name of the
molecule

Source Sequence Molecular
Weight

Target Status of the
research

Drug
approved/
designed

Marketing Reference

15 Ziconotide Conus magus CKGKGAKCSRLMYDCCTGSCRSGKC (synthetic) 2639.2 Da Voltage-Dependent N-Type
Calcium Subunit Alpha-1B, And
Voltage-Dependent P/Q-Type
Calcium Channel Subunit Alpha-
1A

Withdrawn /
Recruiting

Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
16135415

16 Vespid
chemotactic
peptide T

Vespa tropica FLPILGKILGGLL 1,354 Da Inflammatory Cells Ongoing Approved Prescription https://www.
uniprot.org/
uniprot/P17231

17 Mastoparan Wasp venom INLKALAALAKKIL 1478.9 Da Increases Gtpase Activity And
Purify And Binds Gtp Binding
Proteins

Experimental
Evidence At Protein
Level

investigation
is in process

Research Use
olnly

https://pubchem.
ncbi.nlm.
nih.gov/compound/
6324633

18 Protonectin Protonectarina
sylveirae

ILGTILGLLK GL 1,211 Da Defence Response To Bacterium Experimental
Evidence At Protein
Level

Approved Prescription https://www.
uniprot.org/
uniprot/P0C1R1

19 Hainantoxin Haploplema
hainanum

MKASMFLALT GLALLFVVCY ASESEEKEFS NELLSSVLAV
DDNSKGEERE CLGFGKGCNP SNDQCCKSSN
LVCSRKHRWC KYEIGK

9,535 Da Ion Channel Impairing Toxin,
Neurotoxin, Pre-Synaptic
Neurotoxin, Voltage Gated
Sodium Channel Impairing Toxin

Experimental
Evidence At Protein
Level

Approved Prescription https://www.
uniprot.org/
uniprot/D2Y2D7

20 Batroxobin Bothrops atrox
moojeni

VIGGDECDIN EHPFLAFMYY SPRYFCGMTL INQEWVLTAA HCNRRFMRIH
LGKHAGSVAN YDEVVRYPKE KFICPNKKKN VITDKDIMLI RLDRPVKNSE
HIAPLSLPSN PPSVGSVCRI MGWGAITTSE DTYPDVPHCA NINLFNNTVC
REAYNGLIPAK TLCAGVLQGG IDTCGGDSGG PLICNGQFQG ILSWGSDPCA
EPRKPAFYTK VFDYLPWIQS IIAGNKTATCP.

28,189 Da Defibrinogenating Agent Not Yet Recruiting Not approved Not available https://www.
uniprot.org/
uniprot/P04971

21 Apamin Apis mellifera CNCKAPEXALCARRCQQH 5,223 Dal Central Nervous System, Ion
channel

Not Yet Recruiting Not Approved Not available https://pubchem.
ncbi.nlm.
nih.gov/compound/
16129677

22 Arenicin-1 Arenicola marina GFCWYVCYRNGVRVCYRRCN 22,497 Da Antibiotics, Antimicrobial,
Fungicide

Completed Approved Prescription https://www.
uniprot.org/
uniprot/Q5SC60

23 Aurelin Aurelia aurita AACSDRAHGHICESFKSFCKDSGRNGVKLRANCKKTCGLC 4296.95 Da Antibiotic, Antimicrobial Completed Approved Prescription https://pubmed.
ncbi.nlm.nih.gov/
16890198/

24 Hepcidin Oreochromis
mossambicus

DTHFPICIFCCGCCHRSKCGMCCKT 2789.4 Da Antibiotics, Antimicrobial,
Fungicides, Hormone

Completed Approved Prescription https://pubchem.
ncbi.nlm.
nih.gov/compound/
91864521

25 Scygonadin Scylla
paramamosain

MRSSLLLGLT VVVLLGVIVP PCMAGQALNK LMPKIVSAII YMVGQPNAGV
TFLGHQCLVE STRQPDGFYT AKMSCASWTH DNPIVGEGRS RVELEALKGS
ITNFVQTASN YKKFTIDEVE DWIASY

13,736 Da Antimicrobial Activity Against
Gram Positive Bacterium

Ongoing Investigation
is in process

Research use
only

https://www.
uniprot.org/
uniprot/Q5D710

26 Hyastatin Hyas araneus MRVLLILVSL AALAHAESFL KSKTGYQGVQ TLPGFIGGSQ PHLGGGIGGG
RPFISQPNLG GGIGSTRPFP RPQYGDYGSR NSCNRQCPST YGGRGICCRR
WGSCCPTNYK G

13,452Da C. Glutamicium, E.Coli, S.
Aureus, P. Aeruginosa

Completed Approved Prescription https://www.
uniprot.org/
uniprot/C4NZN9

27 Tauramamide Brevibacillus
laterosporus

YSLWR 864 Da Multidrug Resistant Bacteria Ongoing investigation
is in process

Research use
only

https://pubchem.
ncbi.nlm.
nih.gov/compound/
24180625

28 Centrocin 1b Strongylocentrotus
droebachiensis

MMIKVALVLC AIVATSMVCA KNFEEQDALD TLLNMMLSEE VASPDDAVAL
QGWFKKTFHK VSHAVKSDIH AGQRGCSALG FSPEEARVKI LTAFPEMKEE
DLTEEGVRAV CAGAHALGR

12,864 Da Immune System Ongoing Not approved Research use
only

https://www.
uniprot.org/
uniprot/D8WN03

29 Calciseptine Dendroaspis
polylepis

RICYIHKASL PRATKTCVEN TCYKMFIRQTQ REYISERGCG CPTAMWPYQT
ECCKGDRCNK

7044 Da L-Type Calcium Channel Blocker Ongoing Not Approved Research use
only

https://www.
uniprot.org/
uniprot/P22947

30 μ-EPTX-Na1a Naja atra LKCHNTQLPFIYKTCPEGKNLCFKATLKKFPLKFPKRGCADNCPKNSALLKYVCCSTDKCN 7053.63 Da Voltage-gated sodium channel
Nav1.8

Ongoing Not Approved Research use
only

https://pubmed.
ncbi.nlm.nih.gov/
30804211/
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as gliomas (Arzamasov et al., 2014). It has been shown to block chlo-
ride channels which are expressed by the tumor glioma cells (Beeton,
2013). It was initially developed for the diagnosis and treatment of
gliomas, recently it has been shown to specifically label cancer cells
from solid tumors such as melanoma, small cell lung carcinoma, neu-
roblastoma, medulloblastoma, Ewing’s sarcoma, and pheochromocy-
toma (Sabatier and De Waard, 2013). In addition to chloride
channels, other receptor cites such as matrix metalloproteinase‐2 and
Annexin‐2A have also been claimed to be the binding sites for CTX
(Dardevet et al., 2015).

Centipede venom-Histamine

The centipede Scolopendra viridicornis venom has been shown to
cause a local inflammatory response in individuals by inducing edema,
leukocyte recruitment, and mast cells degranulation (Távora et al.,
2016). None of the centipede venom peptides have yet progressed to
late‐stage preclinical studies or clinical trials (Undheim et al., 2016).
Histamine can be used to produce a variety of effects within the body,
including the contraction of smooth muscle tissues of the lungs, uterus,
and stomach; the dilation of blood vessels, this increases permeability
and lowers blood pressure; the stimulation of gastric acid secretion in
the stomach; and the acceleration of heart rate (Table 1).

Marine cone snail-Conotoxin

The venomous snail conotoxins are a valuable pharmacological
probe and potential drug lead due to their highly specific nature and
higher affinity towards ion channels, receptors, and transporters in
the central nervous systems of target prey and humans (Gao et al.,
2017). The conopeptide drug ω‐conotoxin MVIIA isolated from Conus
magus, has been clinically approved for the treatment of intractable
pain, when directly administered to the spinal cord it specifically
blocks a pain transmitting ion channel subtype called N‐Type Ca2+

channels (Jin et al., 2019). Several conotoxin members have been
identified with definitive pharmacological families that target the neu-
ronal tissues: α (alpha), ι (iota), κ (kappa), and ρ (rho); which in turn
target nicotinic acetylcholine receptors, voltage‐gated Na channels,
voltage‐gated K channels, and α1‐adrenoceptors, respectively
(Sudewi et al., 2019). The other conopeptides are being evaluated
for their potential antinociceptive properties and clot‐dissolving car-
dioprotective agent (Becker and Terlau, 2008; Sousa et al., 2018).

More recently, KCP‐400, which is also called as RgIA4 is derived
from the venom of the Conus regius, a potent antagonist of the nicotinic
acetylcholine receptor (nAChR). KCP‐400 has been reported in its pre-
clinical studies to provide relief against chronic pain (Pennington
et al., 2018).

Lizard venom-Exenatide

Exenatide is the synthetic form of a protein that mimics the action
of glucagon‐like peptide‐1 (Table 1) which is found in the saliva of the
Gila monster, shown to be important in glucose homeostasis and useful
in the treatment of patients with diabetes mellitus (Triplitt and
Chiquette, 2006). A synthetic analogue is known as Byetta also called
exendin‐4; exenatide was developed as a treatment for diabetes, shown
to mimic GLP‐1 by stimulating the GLP‐1 receptor (Furman, 2012).
Exendin‐4 enhanced the physiological functions of β‐cells and upregu-
lated GLP‐1 receptors thereby reducing the plasma glucose levels. Exe-
natide has also been found to be useful in ameliorating neuropathy,
nephropathy, and ventricular remodeling (Yap and Misuan, 2018).

Leech venom-Bivalirudin

Bivalirudin is an analogue of hirudin is used in the treatment of
deep vein thrombosis and repair of coronary angioplasty (Beeton,
334
2013). It is a bivalent direct thrombin inhibitor that binds to two dis-
tinct sites on thrombin‐ the active catalytic site and fibrinogen‐binding
site‐ exosite 1 (Warkentin, 2004). It was found to reduce the risk of
bleeding and was approved by FDA for the treatment of unstable ang-
ina undergoing percutaneous transluminal coronary angioplasty
(Bordon, 2020). As its binding to thrombin is reversible, Bivalirudin
after the binding, is slowly cleaved by thrombin and hence thrombin
activity gets transiently inhibited later its enzymatic activity is
restored (Chudzinski‐Tavassi et al., 2018).

Saw-scaled viper snake-Tirofiban

Tirofiban is a non‐peptide molecule that was the first antiplatelet
drug derived from a snake venom protein is a low molecular weight
reversible antagonist (Lazarovici et al., 2019). It has been shown to
block the binding of fibrinogen to αIIbβ3 integrin (a fibrinogen recep-
tor) and hence is used in the treatment of patients with unstable ang-
ina or NSTEMI who are undergoing PCI (Beeton, 2013; Lazarovici
et al., 2019). Tirofiban thus reduces the risk of ischaemic complica-
tions in patients with unstable angina/non‐Q‐wave MI and also high‐
risk patients undergoing revascularisation when used against a back-
ground of heparin and aspirin, and hence can be used as an adjunct
to heparin and aspirin in patients with acute coronary syndromes
(McClellan and Goa, 1998).

Honey bee venom-Apitoxin

The bee venom apitoxins from Apis mellifera have been shown to
possess antitumor activities against different types of cancer cells such
as breast, liver, blood, lung, skin, and prostate cancer cells (Wehbe
et al., 2019). Apitoxin and its component melittin have been shown
to possess potential application against oral pathogens with their
antibacterial properties (Leandro et al., 2015). Apitoxin is also
reviewed for its anti‐inflammatory, anti‐arthritic, and neuroprotective
effects against Parkinson’s disease (PD), Alzheimer’s disease (AD), and
amyotrophic lateral sclerosis (ALS) (Aufschnaiter et al., 2020). Impor-
tantly, Apitox® in a recent FDA phase 3 study has been implicated for
the reduction of pain and increase in mobility in Osteoarthritis
patients.

Cobra venom-Cobrotoxin

Cobrotoxins are postsynaptic neurotoxins that bind to the acetyl-
choline receptors on the motor endplate (Warrell, 2020). Cobrotoxin
has also been shown to be a potential drug candidate for chronic kid-
ney diseases as its administration elevated anti‐inflammatory cytokine
IL‐10 expression; inhibited phosphorylation of IκB‐α and NF‐κB p65
nuclear translocation; upregulated protein levels of podocyte‐specific
nephrin; downregulated the level of fibrosis‐related TGF‐β in
Adriamycin‐ induced chronic nephropathy in a rat model (Wang
et al., 2015). It has also been proposed to possess the potential to treat
patients with COVID‐19 or to inhibit SARS‐COV‐2 infection because it
can inhibit the cytokine storm caused by SARS‐COV2 infection; inhibit
the proliferation of CD8 T‐cells more than that of CD4 T cells to restore
the CD4/CD8 ratio; inhibit lung inflammation, improve lung gas
exchange function, and attenuating the development of fibrotic lesions
in the lung; analgesics action providing relief to patients with muscle
pain and headache; antiviral activity against SARS‐COV2 (Lin et al.,
2020).

Leech venom-Desirudin

Desirudin is a recombinant analogue of hirudin which has promis-
ing anticoagulant potential approved by the FDA and is currently in
use for the prevention of Deep Vein Thrombosis (DVT) following hip
or knee replacement surgery (Abdualkader et al., 2011). Desirudin
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inhibits the different actions of thrombin such as fibrin formation, acti-
vation of coagulation factors V, VII, and XIII, and platelet aggregation,
which results in a dose‐dependent prolongation of a PTT (Koh and
Kini, 2008). These are categorized under the class of Direct Thrombin
Inhibitors (DTIs) which overcome the disadvantages of indirect throm-
bin inhibitors such as unfractionated heparins (Kong et al., 2014). It is
also approved for treating heparin‐induced thrombocytopenia (HIT)
and for thrombotic prophylaxis following orthopedic surgery (Min
et al., 2010).
Jararaca pit viper snake venom-Enalapril

Enalapril is an angiotensin‐converting enzyme (ACE) inhibitor that
is used for the treatment of hypertension, congestive heart failure,
post‐myocardial infarction, and other indications. Enalapril is a pneu-
monia ACE inhibitor that reduces the risk of pneumonia by nearly one‐
third when compared to antagonists against calcium channel or beta‐
adrenoceptor in the treatment of hypertension (Davis et al., 2007). It
was shown to be orally active, long‐acting, with lesser side effects
because of the absence of sulphydryl group; gets extensively hydro-
lyzed to its bioactive form in vivo to enalaprilat taking place in the liver
(Gomez et al., 1985). In patients with congestive heart failure, admin-
istration of enalapril reduced mortality significantly by improving gen-
eral signs & symptoms of left and right ventricular heart failure,
reduction of heart size and blood pressure (Kjekshus and Swedberg,
1989).
Pygmy rattle snake venom-Eptifibatide

Eptifibatide is a glycoprotein IIb/IIIa class platelet inhibiting drug
used to reduce ischemic cardiac events approved by FDA for Acute
Coronary Syndrome (ACS) and Percutaneous Coronary Intervention
(PCI) (Phillips and Scarborough, 1997). A rupture in the atheroscle-
rotic plaque or endothelial injury exposes the subendothelial matrix
of the coronary blood vessel to the circulating platelets which in turn
triggers a signaling cascade that leads to the activation of glycoprotein
IIb/IIIa receptor (GpIIb/IIIa) (Sangkuhl et al., 2011). Eptifibatide
belongs to the “disintegrin” peptide family which contains the
sequence Arg‐Gly‐Asp (RGD) and mediates their effect by blocking
αIIbβ3 integrin, which are the most powerful inhibitors of platelet
aggregation (Lazarovici et al., 2019). It specifically functions by block-
ing the binding of adhesive proteins fibrinogen and von Willebrand
factor to GP IIb/IIIa on the surface of activated platelets
(Scarborough, 1999).
Gila monster lizard venom-Lixisenatide

Lixisenatide is a 44 amino acid exendin‐4‐like analogue (Table 1)
where It has C‐terminal modification with the addition of 6 lysine resi-
dues and one proline deleted (Page, 2014). It is one of the anti‐diabetic
drugs which stimulate the GLP‐1 receptor for binding of incretin‐1
which in turn inhibits the release of glucagon, increases insulin secre-
tion, delays gastric emptying, and is hence used for improving glyce-
mic control in Type‐2 diabetes mellitus (Brody, 2018). It also
demonstrated mild improvements in HbA1c, with slightly lowered
mean weight loss and better gastrointestinal tolerability with a lower
incidence of hypoglycemia (Lear et al., 2019). Because of its higher
CNS penetrating capability, it has also been implicated to have poten-
tial neuroprotective properties and the results have been promising at
equivalent doses in in vitro models of neurodegeneration (Foltynie and
Athauda, 2020). Unfortunately, its efficacy begins to reduce once anti‐
lixisenatide antibodies are produced in the body as it stimulates the
immune system (Brody, 2018).
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Cone snail venom-Ziconotide

Ziconotide was the first marine‐derived natural product approved
by FDA in 2005 for its clinical application for neuropathic pain as a
nonopioid analgesic (Shilpi and Uddin, 2020). It has been approved
for the treatment of intractable cancer pain, phantom limb, chronic
neuropathic pain, acute and chronic inflammatory pain and marketed
as PRIALT® (Honore and Jarvis, 2007). Ziconotide targets presynaptic
VGCCs (N‐type voltage‐gated calcium channels Cav2.2) by binding to
their α1B subunit obstructing the entry of Ca2+, which blocks neuro-
transmitter release and thereby prevents the synaptic transmission of
pain sensation (Shilpi and Uddin, 2020). By blocking the neurotrans-
mitter release from primary nociceptive afferents it prevents the trans-
mission of pain signals to the brain (Marí and Tytgat, 2010).
Ziconotide can also act on the Cav3.1 and Cav3.3 subtypes of the T‐
type calcium channel which are expressed extensively in the thalamus
& cortex, are important for the regulation of thalamocortical signaling‐
an important component of sleep/wake regulation; has potential neu-
roprotective activity against epilepsy, schizophrenia, tremor or tinni-
tus (Barrow and Duffy, 2010).

Vespa tropica venom chemotactic peptides [VCPs]

Chemotactic peptides are tridecapeptides in general with amphi-
pathic, α‐helical, linear, cationic, and C‐terminal amide containing sec-
ondary structures with antimicrobial and hemolytic (Lee et al., 2016).
In in vitro studies, these peptides displayed broad‐spectrum antimicro-
bial activity against the standard and clinically isolated strains of bac-
teria and showed weak hemolytic activity towards human erythrocytes
(Yang et al., 2013). The peptides displayed direct antimicrobial activ-
ity, enhanced the ability to attract leukocytes to the site of infection,
and were also able to control inflammation in animal models (Silva
et al., 2020). There were only three chemotactic peptides been
reported which include Orancis‐protonectin (OdVP2), EpVP6, and
the one found in R. brunneum (named RbVP1 hereafter) (Lee et al.,
2016). In vitro anti‐tumor activities have also been studied in VCPs
towards NIH:OVCAR‐3 and SK‐OV‐3 ovarian cancer cell lines at con-
centrations higher than 10 µM (Abd El‐Wahed et al., 2021).

Wasp venom-Mastoparan

Mastoparan is a basic amphiphilic a‐helical peptide that consists of
14 amino acid residues, hydrophobic and essential amino acids, and an
amino acid C‐terminus (Abd El‐Wahed et al., 2021). They are generally
polycationic, linear tetradecapeptide amides, rich in hydrophobic resi-
dues such as leucine, isoleucine, and alanine (Palma, 2013). Mastopar-
ans are highly reactive against the cell membranes of bacteria, fungi,
and erythrocytes, as well as mast cells, which results in antimicrobial,
hemolytic, and Mast Cell Degranulation (MCD) activities (Lee et al.,
2016). Its other biological effects include cytotoxic effects on tumor
cells such as leukemia, myeloma, and breast cancer cells; induces mito-
chondrial permeability and powerful transition of mitochondrial per-
meability in homogeneous K562 cells (Abd El‐Wahed et al., 2021).
Mastoparan increases the GTPase activity and the rate of nucleotide‐
binding of several purified GTP‐binding regulatory proteins (G pro-
teins) which in turn couples cell‐surface receptors to intracellular
mediators; accelerated guanosine‐50‐(3‐O‐thiotriphosphate) binding
as a result of which G protein activation takes place in part by promot-
ing the dissociation of bound GDP, (the mechanism by which receptors
regulate G proteins) leading to cell toxicity (Higashijima et al., 1988).
The specific effect of MCD depends on particular cell types such as the
secretion of histamine if the cells are mast cells; serotonin if the cell
type is platelets; catecholamines if the cell type are chromaffin cells;
prolactin from the anterior pituitary, and even insulin if the cell type
is pancreatic β‐cells (Lee et al., 2016). Mastoparan B and Mastoparan
M are other homologues isolated from other vespid venoms which
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vary concerning their antibacterial and anti‐inflammatory properties
(Abd El‐Wahed et al., 2021).
Brazillian wasp venom-Protonectin

Protonectin is a polyfunctional peptide that causes mast cell
degranulation, releases lactate dehydrogenase (LDH) from mast cells,
antibiotic activity against Gram‐positive and Gram‐negative bacteria,
and chemotactic response for polymorphonucleated leukocytes
(PMNL) (Baptista‐Saidemberg et al., 2010). It has been shown potent
antifungal activity and fungicidal activity against the candida fungi
cells where Its action involved disrupting membrane integrity and
inducing the production of cellular ROS (Wang et al., 2015). Its
antibacterial activity is due to the formation of typical α‐helical confor-
mation in a membrane‐mimicking environment, studied using molec-
ular dynamics simulations (Wang et al., 2013). Protonectin also has
a significant impact on lung cancer cells A549 and healthy lung fibrob-
last cells where it mediated the down‐regulation of BMI‐1 gene expres-
sion of cancer markers and up‐regulation of the production of reactive
oxygen species (ROS) (Eskandari et al., 2020).
Oreochromis mossambicus venom-Ornithine

L‐ornithine is a non‐protein amino acid that is widely used to
enhance human health as it has been reported to possess beneficial
effects on the liver and the heart (Wu et al., 2020). Ornithine is formed
mainly from L‐glutamate in plants and synthesized from the urea cycle
in animals as a result of the reaction catalyzed by enzymes in arginine
(Seneca., 2007). L‐Ornithine‐L‐Aspartate (LOLA) has been shown to
promote hepatic ureagenesis and glutamine synthetase activity; also
it promotes glutamine synthesis and possibly protein anabolism in
skeletal muscle (Bajaj, 2012). Its ability to increase the buffering of
ammonia during and after exercise is useful against skeletal muscle
fatigue (Demura et al., 2010).
Chinese bird spider-Hainantoxin

Hainantoxin‐I is a novel peptide toxin (Table 1), isolated from the
Chinese bird spider Selenocosmia hainana venom which has 33 amino
acid residues with a disulfide linkage of I‐IV, II‐V & III‐VI, assigned
by partial reduction and sequence analysis (Li et al., 2004). The
intermediate‐conductance Ca2+‐activated K+ (IK) channels
(calcium/calmodulin‐regulated voltage‐independent K+ channels),
whose activation (activation of IK currents) is important in blood ves-
sels and respiratory tissues is mediated by hainantoxin‐I (HNTX‐I) as
an IK‐channel activator with little effect on voltage‐gated Na+ and
Ca2+ channels studied in rat dorsal root ganglion neurons and also
the heterologous expression of voltage‐gated rapidly activating
delayed rectifier K+ channels in HEK293T cells (Huang et al., 2014).
Hainantoxin‐II (HnTx‐II), is another neurotoxin isolated from the
venom of the Chinese bird spider (Haplopelma hainanum) has higher
insecticidal activity and lower lethiferous activity on mammals (Pan
and Yu, 2010). Hainantoxin‐III is a selective antagonist of neuronal
tetrodotoxin‐sensitive voltage‐gated sodium channels; wherein it sup-
presses Nav1.7 current amplitude without altering any activation,
inactivation, and repriming kinetics (Liu et al., 2013). Hainantoxin‐
IV (HNTX‐IV) can specifically inhibit the neuronal tetrodotoxin‐
sensitive sodium channels and interact with neurotoxin receptor site
1 via a similar mechanism to that of TTX without affecting the activa-
tion and inactivation kinetics (Li et al., 2004). Hainantoxin‐V is also a
neurotoxic peptide that inhibits the tetrodotoxin‐sensitive (TTX‐S)
sodium currents without any effects on tetrodotoxin‐resistant (TTX‐
R) sodium currents on adult rats dorsal root ganglion neurons (Xiao
and Liang, 2003).
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Tarantula venom peptides

Theraphosa apophysis venom has been recently reported to possess
two tarantula‐venom peptides (Tap1a and Tap2a). They have been
identified to modulate the activity of both NaV and CaV3 channels.
Inhibition of NaV and CaV3 channels by Tap1a and Tap2a has been
identified as their mode of action in relieving from chronic visceral
pain in a model of irritable bowel syndrome (Cardoso et al., 2021).

Pit viper snake venom-Batroxobin

Batroxobin is a serine protease toxin (SVSP) isolated from the
venom of many species of pit viper snakes. Batroxobin is an enzyme
protein synthesized as a pre‐proenzyme containing 18 residues pre‐
peptide with a six residue pro‐peptide (Table 1) and has its clinical
use as a defibrinogenating agent for various clinical conditions such
as deep vein thrombosis, myocardial infarction, pulmonary embolus,
central retinal vein occlusion, peripheral vascular disease, acute
ischemic stroke, angina pectoris, glomerulonephritis, priapism, sickle
cell crises and renal transplant rejection (Markland and Swenson,
2013). Batroxobin can boost the plasma plasmin concentration by
inducing the release of plasminogen activator from the vascular
endothelial cells and activate the fibrinolytic response which leads
to the production of soluble non‐functional fibrin degradation prod-
ucts and remove them from the plasma (Kaur et al., 2012). It effec-
tively releases the fibrinopeptide A by cleaving the α‐chain of
fibrinogen (Slagboom et al., 2017). It inhibits human neutrophil extra-
cellular traps (NETs) induced by tumor necrosis factor‐α (TNF‐α) in the
presence of human fibrinogen and protects against severe ischemic tis-
sue injury and accelerates vascular and skeletal muscle regeneration
(Masuda et al., 2019).

Bee venom toxin-Apamin

Apamin is a neurotoxin peptide containing 18 amino acid residues
which are tightly cross‐linked by two disulfide bonds; mediates its
pharmacological functions by irreversibly blocking Ca2+‐activated
K+ (SK) channels; also regulates gene expression of many signal trans-
duction pathways involving cell development (Gu et al., 2020). Apa-
min specifically can block the Ca2+‐activated potassium permeability
which results from receptor activation (Strong and Brewster, 1992).
As it is permeable to the blood–brain barrier, it can cause its effects
on the CNS by different routes of administration; when peripherally
applied it selectively and potently affects the K+ permeability of cer-
tain membranes such as smooth muscle of the gut (Palma, 2013). Dur-
ing this phase, there is a fall in the delayed hyperpolarization of cells,
which can result in the elevated continuous firing of neurons in the
mesencephalon and cerebellum which in turn elevates the cell sensitiv-
ity to excitatory inputs (Pucca et al., 2019). Apamin can activate the
inhibitory muscarinic receptors of motor nerve terminals causing
reduced neuromuscular transmission, which is undergoing experimen-
tal validation for potential treatment against diseases that present high
muscle excitability, such as Parkinson's disease, learning deficit disor-
der, and other disabilities (Pucca et al., 2019).

Polychaete: Arenicola marina venom-Arenicin-1

Arenicin‐1 is a β‐sheet antimicrobial peptide isolated from a marine
polychaeta Arenicola marina a type of coelomocytes that has a potent,
broad‐spectrum antimicrobial activity (Orlov et al., 2019). It is a 21‐
residue peptide acting against pathogenic fungi by disrupting phos-
pholipid membranes (Park and Lee, 2009). In studies done on Candida
spp. there was an increase in the production of ROS and cytotoxic
hydroxyl radicals production which lead to apoptosis due to mitochon-
drial dysfunction caused by arenicin‐1 induced membrane depolariza-
tion and release of activated metacaspases (Cho and Lee, 2011). This
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further initiated apoptotic mechanism by causing plasma membrane
depolarization; exposing the phosphatidylserine towards the outer sur-
face; morphological changes in the nucleus and DNA structure (Cho
and Lee, 2011). Based on these findings it is clear that arenicin‐1 is
a potent antifungal agent that primarily acts by inducing apoptosis.
It also possesses antibacterial activity and displays hemolytic activity
against human red blood cells (Lee et al., 2008).
Jelly fish toxin-Aurelin

Aurelin is a novel antimicrobial peptide made up of 40 amino acids
(Table 1) that has been shown to exhibit antibacterial activity against
gram‐positive and gram‐negative bacteria (Ovchinnikova et al., 2006).
It was purified from the mesoglea of a scaphoid jellyfish Aurelia aurita
using preparative gel electrophoresis and RP‐HPLC. It is initially syn-
thesized as an 84‐residue pre‐pro‐aurelin consist of a 22‐residue puta-
tive signal peptide and a pro‐stretch of 22 residues. It has no structural
homology with any of the previously identified antimicrobial peptides
but has partial similarity to defensins and K+ channel‐blocking toxins
of sea anemones belonging to ShKT domain family (Ovchinnikova
et al., 2006). A recombinant peptide with (sup 15)N‐labeled analogue
was produced by overexpression in Escherichia coli, which was purified
also had modest antibacterial properties and membrane activities
(Shenkarev et al., 2012).

Oreochromis mossambicus venom-Hepcidin

Hepcidins are important antimicrobial peptides that resist patho-
genic infections consist of 88–91 amino acid residues which vary
across the three different forms (Huang et al., 2007). They were iso-
lated from tilapia (Oreochromis mossambicus), and named TH1‐5,
TH2‐2, and TH2‐3 based on their sequence composition through
hybridization of phage library; further synthetic peptides were also
isolated and named as TH1‐5 and TH2‐3 which were also shown to
have antimicrobial properties (Huang et al., 2007). Tilapia hepcidin
(TH)1–5, has been also shown to induce an inflammatory response
in HeLa cells indicating its potential application for cancer therapy
(Chang et al., 2011). TH1‐5 was found to be cytotoxic against MCF7
indicating it to be a promising cytotoxic peptide that warrants further
studies as a potential anticancer agent for the treatment of breast can-
cer (Al‐kassim Hassan et al., 2015). It was found to activate caspases‐
3/7 and − 9; suggesting induction of apoptosis via the intrinsic path-
way providing further evidence for potential agent treatment breast
cancer (Hassan et al., 2016).

Scylla serrata venom-Scygonadin

Scygonadin comprises 102 amino acids (Table 1) with a theoretical
molecular weight of 11.272 kDa having strong implications in provid-
ing reproductive immunity found generally in the seminal plasma of
the mud crab, Scylla serrata (Li, 2013). It is antimicrobial offers protec-
tion against microorganisms due to its anionic group, pI 6.0, antibac-
terial activity against A. hydrophila (G‐) and M. leteus (G + ) (Wang
et al., 2006). Its 126 amino acids sequence constitutes a putative NH
(2)‐terminal signal sequence of 1–24 and a mature peptide 25–126
sequence (Wang et al., 2007). P. pastoris‐derived recombinant scygo-
nadin demonstrated a higher antimicrobial activity against pathogenic
Aeromonas hydrophila showing salt‐resistance and time‐dependent kill-
ing kinetics; also antiviral potential demonstrating interference with
replication of white spot syndrome virus (WSSV) in in vitro‐cultured
crayfish haematopoietic (Hpt) cells (Peng et al., 2012). The mature
peptide expressed in Escherichia coli has an approximately 43 kDa
fusion protein CKS‐scygonadin was found to be highly stable, soluble,
active against both Gram‐positive and Gram‐negative bacteria show-
ing its antibacterial properties (Peng et al., 2010).
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Hyas araneus venom-Hyastatin

Hyastatin is an 11.7 kDa (Table 1) Gly‐rich peptide isolated from
the hemocytes of the spider crab Hyas araneus (Kang et al., 2015).It
is made up of three distinct domains: N‐terminal region rich in Glycine
residues, short Proline or Arginine‐rich region, and C‐terminal region
with six Cysteine residues resembling the one found in penaeidins;
have shown antimicrobial properties against yeasts, and Gram‐
positive and Gram‐negative bacteria (Sperstad et al., 2009). A recom-
binant product of Sp Hyastatin (from Scylla paramamosain) showed
potent antimicrobial activity against Staphylococcus aureus, Aeromonas
hydrophila, and Pseudomonas fluorescens with antimicrobial mechanism
attributing to the ability to disrupt cell membrane integrity on Hyas-
tatin treatment (Shan et al., 2016). As both native hyastatin and its
N‐terminus region can bind chitin, this may facilitate antifungal capa-
bility whereas its antibacterial properties can be attributed to the
cysteine‐rich C‐terminus domain, since it is absent in the recombinant
hyastatin which do not possess antibacterial properties (Smith et al.,
2010).

Brevibacillus laterosporus protein-Tauramamide

Tauramamide is a novel lipopeptide antibiotic produced by the cul-
ture of marine bacterial isolate Brevibacillus laterosporus PNG276
(Hassi et al., 2012). It is a linear lipopeptide that is made up of 7‐
methyloctanoic acid esterified on a pentapeptide chain (Yang et al.,
2016). Tauramamide and its ethyl ester showed potent antibiotic
activity against pathogenic Enterococcus sp. (Desjardine et al., 2007).
it is made up of two D‐amino acids with an acylated N‐terminus
(Debbab et al., 2010). Antimicrobial peptides, tauramamide, ethyl
ester, thiopeptides, and depsipeptides, from marine bacterial origin
showed effective inhibition of human pathogenic Enterococcus sp
(Biswas et al., 2016).

Strongylocentrotus droebachiensis venom-Centrocins

Venom from the green sea urchin Strongylocentrotus droebachien-
sis, centrocins 1 and 2 were purified from the coelomocyte extracts
(Li et al., 2010). The centrocins possess an intramolecular heterodi-
meric structure with a heavy chain made up of 30 amino acids and
a light chain made up of 12 amino acids (Björn et al., 2012). The
full‐length sequence of centrocin 1 is made up of 119 amino acids,
whereas centrocin 2 is made up of 118 amino acids which both
include a pre‐pro‐sequence consisting of 51 or 50 amino acids for
centrocins 1 and 2, respectively, with 24 amino acids inter‐chain
between the heavy and light chain (Li et al., 2010). The nature of
native peptides is cationic and showed potent activity against
Gram‐positive and Gram‐negative bacteria. The synthesis and subse-
quent antimicrobial testing of individual monomers have shown that
the cationic containing heavy chain and the original dimeric peptide
are equally active which showed a broad spectrum antimicrobial
property, resistance to physiological salt concentration, and anti‐
inflammatory properties (Björn et al., 2012). It was further demon-
strated that centrocin 1 was produced by phagocytes, stored in gran-
ular vesicles which co‐localizes with phagocytosed bacteria
suggesting the formation of phagolysosomes for its microbicidal
action (Li et al., 2010).

Black mamba venom-Calciseptine

Calciseptine is the venom peptide of black mamba which is made
up of 60‐amino acids with four disulphide bonds (García et al.,
2001). It is a smooth muscle relaxant and a cardiac contraction inhibi-
tor with its physiological actions similar to that of 1;4 ‐
dihydropyridines drugs which are important for cardiovascular disease
treatment (de Weille et al., 1991). It selectively blocks the L‐type Ca2+
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channels and does not affect the N‐type and T‐type Ca2+ channels. It
also acts as a channel agonist in skeletal muscle by modulating the per-
meation of divalent cations through L‐type channels (García et al.,
2001). It may bind to L‐type Ca + channels, via the recognition site
for 1, 4‐dihydropyridines and hence do not affect the N‐type or T‐
type Ca2+ channels (Harvey, 2013). The synthetic Calciseptine (CaS)
has also shown inhibitory effects on the voltage‐dependent Ca2+ cur-
rent conductances of 25‐pS and 12‐pS channels in porcine tissue by
reducing the mean open time and channel availability which resulted
in decreased open probability of the 25‐pS and 12‐pS channels with
different sensitivities (Teramoto et al., 1996).

Following are some noteworthy outcomes of venom peptide in pain
management therapeutics.

• μ‐EPTX‐Na1a, a 62‐residue three‐finger peptide from the venom of
the Chinese cobra (Naja atra), was shown to be a potent inhibitor of
the voltage‐gated sodium channel Nav1.8, that exhibits a high
selectivity over other voltage‐gated sodium channel subtypes and
hence contributing to reducing inflammatory and neuropathic pain
(Zhang et al., 2019).

• Crotalphine‐ a crotalid venom that is isolated and has been chemi-
cally characterized as a novel and potent antinociceptive peptide is
responsible for the oral opioid activity that induced antinociception
which was mediated via activation of kappa‐opioid receptors
(Konno et al., 2008).

• Buthus martensii (Karsch)‐ an analgesic‐antitumor peptide (BmK
AGAP) – is isolated from scorpion venom peptide that mediates
analgesic properties by inhibiting the neuropathic and
inflammation‐associated pain through a MAPK‐mediated mecha-
nism (Ruan et al., 2018).

• PnPP‐19‐ isolated from spider Phoneutria nigriventer was shown to
induce central antinociception that involves the activation of CB1
cannabinoid, μ‐ and δ‐opioid receptors (da Fonseca Pacheco
et al., 2016).

• Apitox® in a recent FDA Phase 3 study has been implicated for the
reduction of pain and increase in mobility in Osteoarthritis
patients.

• KCP‐400 (RgIA4) has been reported in its preclinical studies to pro-
vide relief against chronic pain relief (Pennington et al., 2018). Fur-
thermore, research and drug development are in progress.
Conclusion

Venoms are a rich source of novel compounds. Peptides of ven-
oms of spiders, scorpions, cone snails, and especially snakes have
been identified to physiologically play a role in protection and preda-
tion strategies of the organism. Their role in inhibiting the fast synap-
tic transmission have attracted researchers to choose them as
plausible candidates in analgesic development. Venoms with exqui-
site potency and selectivity have been developed over millions of
years of evolution, and we now have the means to maximise their
potential.

Venom‐based painkiller, which resembles the venom of cone snails,
is commercially accessible. Sea anemone, spider, and scorpion venom
proteins have also been discovered with potential biomedical anti‐
nociceptive use. Many notable advances have increased our under-
standing of venoms and its role in pain since the latter half of the twen-
tieth century. The orientation of research in venom toxins to
therapeutics has been changed phenomenally and more pain manage-
ment strategies are being developed. Strategies and mechanisms estab-
lished with the likes of developed therapies viz., Apitox®, PRIALT®,
Crotalphine, KCP‐400 can be extended with the advent of ‘‐omics' tools
and synthetic chemistry in this golden age of biological drug discov-
ery, especially for pain research.
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