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ABSTRACT

Introduction:  Toxicity  of  animal  venom is  a  defense  mechanism known to mankind for
centuries for many species of animals. We are still learning the possibilities of its use as a
substance with therapeutic potential, because on its basis several drugs known and commonly
used in medicine were created.
Aim of the study: To review research on the known and potential use of animal toxins as
medicinal substances.
Material  and  method:  Standard  criteria  were  used  to  review  literature  data.  Search  for
articles  in  the  PubMed  database  was  carried  out  using  the  following  keywords:  animal
venoms, medical use, snake venoms, drugs from venom, 
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Description of the state of knowledge: Animal venoms have been used by man since ancient
times. Due to many different mechanisms, they are able to modulate the tissue functions of
the human body. In the form of already known drugs have an effect, among others. on the
cardiovascular, nervous and circulatory systems. Research is also being carried out on their
use in the treatment of other diseases such as autoimmune diseases and cancer.
Summary: Due to the variety of substances in animal venom and their therapeutic properties,
it is possible to use them for the production of medicines. However, many studies are needed
to better understand them.

Key words: animal venoms, medical use, snake venoms

1. INTRODUCTION

The  world  around  us  is  one  big  organism made  of  billions  of  cells,  which  are
prokaryotes, protists, fungi, plants, animals. This is the classification of organisms proposed
by Robert Whittaker in 1969. Each of these organisms has developed organs, mechanisms and
behaviors that allow them to survive in the course of evolution. This also applies to many
species belonging to the animal  kingdom that have developed venom production capacity
during  their  evolution.  It  is  used  to  deter,  paralyze  or  kill  other  animals  by  acting  as  a
defensive element or tool to obtain food. It is produced by many species of animals, which
include  chordates  (mammals,  birds,  fish,  amphibians  and reptiles),  ringworms,  arthropods
(hymenoptera,  scorpions,  spiders),  molluscs,  echinoderms  (starfishes,  sea  urchins)  and
sandworms (sea anemones, jellyfish) [1]. These toxins can be produced both in the tissues of
the animal's  body as well  as in specially  formed glands.  By using organs such as stings,
stinging cells,  canines  or  other  specialized  organs,  toxins  are  introduced into  the victim's
body, where they cause various symptoms from those less serious, such as itching, burning or
pain, through cardiovascular disorders up to the death of the individual.

Animal venom has been used by man since the earliest centuries. Toxins from frogs,
snakes and spiders have been used to treat many diseases, including chickenpox, leprosy or
fever,  as  well  as  to  accelerate  wound  healing  [2].  The  first  information  on  poisonous
substances  and  animals  producing  them  was  written  by  Aristotle  (384–322  BC).  Their
potential action was already known, which in 326 B.C.E. was used to poison arrows using
Russell's viper venom (Daboia russelii) and led to the death of Alexander the Great's soldiers
[3]. However, this is not the only possible application. Research on snake venom began in
Italy in the 17th and 18th centuries, then animal experiments with using venom from snakes
was began [4]. However, the strong development of research into animal poisons dates back
to the second half of the 20th century. In the 1950s and 1960s, two independent research
groups isolated proteases and α-bungarotoxins found in snake venom [5, 6]. That was one of
the first discoveries. Further research led to the isolation of substances that were then used in
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medicine. Currently, the components of animal venom used for the production of new drugs
are increasingly being isolated.

Animal venom is a solution that contains many substances that perform a variety of
functions, and its composition depends on the species. In most cases, its toxicity is mainly
caused by proteins and peptides, the content of which may be even over 90% in the case of
venom of  some snakes  [7].  Protein  substances  can  be  enzymes  belonging  to  oxidases  or
hydrolases and enzymatically inactive proteins. So far, only L-amino acid oxidase has been
distinguished  among  oxidases,  while  in  the  class  of  isolated  hydrolases  we  can  find
phospholipases  A2,  proteinases  /  peptidases,  acetylcholinesterases  and hyaluronidases  [2].
Among  the  proteins  without  enzymatic  activity,  we  can  find,  among  others  disintegrin,
neurotoxin [8].

2. MOLECULAR MECHANISMS OF ANIMAL VENOM ACTIVITY

For  toxicity  of  venom are  responsible  the  substances  they  contain,  which  when
introduced into the body cause a series of reactions through which the animal achieves its
purpose for which this venom was applied. Among them we can find neurotoxic substances.
Synapses and channels and receptors present in them become their target. These are particles
that strongly affect the neuromuscular system, causing symptoms such as paralysis, muscle
spasms and weakening of their function. Peptide toxins acting on ion channels are mainly
responsible for this action. They can cause inhibition of ion movement within these channels
[9]. A study by J. Craig and M. McIntosh using cone snail venom showed the presence of two
peptides  responsible  for  neurotoxicity,  these  are  GVIA ω-conotoxin  (produced  by  Conus
geographus) and MVIIA ω-conotoxin (produced by Conus magus) [10]. The mechanism of
action of these toxins is based on blocking neuromuscular transmission within the presynaptic
termination by inhibiting the release of acetylcholine. Scientists have proven that these toxins
work by selectively blocking Ca2 + channels in the posterior corners of the spinal cord, which
inhibits pain conduction to the upper floors of the central nervous system. L and N type Ca2 +
channels are blocked in a strong and durable way, while the effect of these substances on T
type channels is weak and is reversed very quickly. This activity has been demonstrated for
sympathetic  neurons and those in the hippocampus of rats  [11].  Myotoxic activity  is also
associated with the effect of venom on Ca2 + channels, which has been proven using the
Plesiotrigon iwame and Potamotrigone sting venom. After injecting the toxin into the skeletal
muscle of mouse, it was observed that they develop inflammation followed by necrosis and
consequent rhabdomyolysis [12]. This effect has also been noted for the Scatophagus argus
venom, after use of which has been seen to increase creatine kinase activity in mouses [13].

Researchers have also proved the occurrence of venom affecting the cardiovascular
system.  Symptoms  of  their  action  include  changes  in  blood pressure  and smooth  muscle
relaxation of the walls of blood vessels, as well as effects on the strength of heart contraction
and  its  frequency.  Cardiotoxins  bind  to  the  cells  of  the  heart  causing  blockage  of  its
contraction [14]. The results of the study by Carlson et al. indicated that the mechanism of
action of the toxin contained in the venom of Scorpaena guttata is the release of acetylcholine
from  muscarinic  receptors.  This  study  also  indicates  the  role  of  acetylcholine  and
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catecholamines in attenuating heart response [14]. The effect of toxin on vessels is associated
with their relaxation caused by the release of NO from the vascular endothelium, however,
scientists' opinions differ in terms of the involvement of muscarinic receptors in this process
[15,  16].  Carlson  et  al.  also  demonstrated  the  effect  of  scorpion  venom  on  respiratory
disorders, which may even lead to its arrest in cats, rabbits and dogs [14]. Based on study
using venom derived from Synanceja trachynis, it has been shown that bronchospasm caused
by toxin activity can be associated with the release of substance P and its effect on neurokinin
1 receptors [17]. However, we can conclude that the effect of toxins from venom may vary
depending on the species of animal on which the experiment was conducted, as well as the
species of animals from which venom was collected.

Among the  venom of  animals,  we can  also  find  venom with  hemolytic  activity.
These include almost all the venom of fish and the venom of other animals such as snakes,
jellyfish, sea anemones, bees, spiders and scorpions. Khoo et al. demonstrated the presence of
venom Synanceia  horrida  stonustoxin  (SNTX) in  rabbits  and rats  that  causes  erythrocyte
hemolysis and inhibition of ADP or collagen dependent platelet aggregation [18].

Many enzymes are responsible for the cytotoxic activity of substances contained in
animal venoms. Among them, we can find a Cardiotoxin-3 (CTX) polypeptide that causes cell
apoptosis. The mechanism of induction of cell death has not been fully understood, scientists
suspect mediation of the pathway associated with caspase 12 and c-Jun N-terminal kinases
initiated by the influx of Ca2 + ions, increased levels of Ca2 + ions and GRP78 protein or
inactivation of signaling pathways of EGFR; P13-K / Akt and JAK / STAT3 [19, 20, 21]. The
group of cytotoxins include also disintegrin, for which it has been shown that they inhibit the
development  of cancer.  They impede cell  adhesion,  also affecting the inhibition of tumor
metastasis [22, 23]. Phospholipase A2 also has a cytotoxic effect by hydrolysing of bindings
to form of lysophospholipids and free fatty acids that  cause disruption of stability  of cell
membrane [24]. Examining Macroviper lebentin venom, it was shown that it may have anti-
integrin effects; it was observed that it  inhibits cell adhesion and migration,  disrupts actin
skeleton  and  release  of  αvβ3  integrin.  In  addition,  amino  acid  L-oxidase,  similarly  to
disintegrin and CTX, has antiproliferative activity.  It induces cell  apoptosis using the Fas-
dependent  pathway.  drCT-1  -  a  protein  found  in  the  venom of  the  Russell  indian  viper
(Daboia  ruselli  russell)  also  has  cytotoxic  and  antiproliferative  properties.  In  a  study  on
human leukemia cells, it  was shown to cause inhibition of the tumor process by inducing
apoptosis in the G1 phase of the cell cycle [25].

Toxins contained in animal venoms also have a fibrinolytic effect. Metalloprotease
and to a greater extent serine proteases, which in addition to fibrinolytic activity, also have
fibrinogenolytic activity are responsible for them. The effect on the coagulation system is
manifested  by  systemic  bleeding  and  coagulopathy,  which  lead  to  hypovolemia  and  the
development  of  hemodynamic  shock  [26].  These  are  enzymes  that  degrade  extracellular
matrix protein [27]. A fibrinogenolytic activity test showed that serine proteases hydrolyze the
fibrinogen α chain and then its β chain leading to coagulation disorders [28]. The proteases
contained in venom also affect the complement system by activating it, which leads to the
development  of  inflammation,  as  well  as  their  effect  is  visible  in  the  processes  of  cell
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differentiation, increasing the permeability of cell membranes and hemostatic activity of the
organism [29].

3.  MEDICINAL PRODUCT BASED ON ANIMAL VENOM

With the development of knowledge about animal venoms, the possibilities of their
use have increased. This was an incentive to try to use them in medicine, where they became
the basis for the production of some drugs. Captopril and enalapril - angiotensin converting
enzyme inhibitors were among the first approved drugs based on animal venom. They were
discovered in the 1970s on the basis of bradykinin enhancer peptides (BPF) isolated from
Bothrops jararaca venom [30]. These peptides are short proline-rich chains that bind to the
ACE substrate binding pocket,  thereby inhibiting the production of vasoactive angiotensin
[31]. During the studies, it was shown that  they help reduce the amount of angiotensin II,
thereby inhibiting its action, as well as their effect on the vessels is visible by enhancing the
action of bradykinin which is a vasodilatation. In 1981, captopril in the form of an oral tablet
was launched [32].

In addition to captopril, other drugs based on a substance derived from animal venom
are  eptifibatide  and  tirofiban.  Based  on  a  toxin  derived  from  the  venom of  rattlesnake
(Sistrusus miliarius barbouiri) eptifibatide, a cyclic heptapeptide, was produced. The second
one,  tirofiban is  a product  based on echistatin  derived from the sand viper  venom (Echis
carinatus)  [33].  Both  substances  are  included  in  the  group  of  antiplatelet  agents.  The
mechanism of their action is based on preventing fibrinogen, von Willebrand factor and other
adhesion  molecules  from  binding  to  GP  IIb  /  IIIa  receptors,  reversibly  inhibits  platelet
aggregation.  Both  compounds  were  developed  to  resemble  the  Arg-Gly-Asp  sequence
recognized by the GPIIb / IIIa integrin receptor, thereby blocking the receptor [34, 35]. These
drugs are used in patients with cardiovascular thromboembolic events, including patients with
unstable angina and STEMI infarction,  reducing the risk of death or recurrent myocardial
infarction [36]. 

A compound derived from animal venom is also used in pain therapy. This substance
is a neurotoxic peptide - ω-conotoxin, derived from the cone snail venom. The mechanism of
action of this toxin has been mentioned above. An important study, during which the first
results were obtained about the possibility of using it in the treatment of pathological pain, is
the study by G. Milijanich. The study showed that this substance binds to the dorsal horns of
the  spinal  cord,  which  contain  the  neurons  responsible  for  sensing  and transmitting  pain
information. Further research conducted by the scientist and his colleagues confirmed initial
assumptions. In 2004, this substance was approved for medical use as a ziconotide, used in
the treatment of severe and chronic pain [37].

Exenatide is a synthetic drug based on the hormone exenatide-4 found in the saliva
of  Gila  monster  (Heloderma  suspectum)  [38].  It  is  a  substance  with  a  high  degree  of
homology to human GLP-1 peptide, therefore it was approved for use in the treatment of type
2 diabetes in 2005 [39]. GLP-1, and thus exenatide, works by induction of an increase in
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intracellular cAMP resulting in an increase in insulin production. This leads to a decrease in
blood glucose and glucagon and a slowed gastric emptying [40]. 

Batroxobin is also an FDA approved drug that has been discovered and synthesized
on the basis of venom. It was isolated from Bothrops atrox moojeni venom and is a thrombin-
like serine protease. It causes fibrinogen to coagulate by binding the γA / γA form and theA / γA / γA form and theA form and the
γA / γA form and theA / γA / γA form and the 'variant fibrinogen with a γA / γA form and the chain in the central E-region. This is a different way of
binding fibrin than thrombin, which can cause greater affinity of batroxobin for fibrin and its
prothrombotic  properties.  Batroxobin also reduces bleeding time and whole blood clotting
time in vivo. It is used in the presence of severe thrombolysis and bleeding after previous
administration of heparin [41].

In 2017, bee venom (Apitox®) was approved for medical use [42]. Due to the very
rich composition, it has many activities, including anti-inflammatory and relieving swelling
and pain.  Melitin  and adolapine are responsible  for its  anti-inflammatory  effect.  The first
compound inhibits the enzymatic activity of phospholipase and causes an increase in cortisol
production by stimulating the pituitary to secretion of ACTH [43]. The other one inhibits pro-
inflammatory substances, including TNF-α, PGE-2, cytokines and enzymes such as COX-2
[44]. Therefore, it is used in the treatment of multiple sclerosis and rheumatoid arthritis in the
form of injections [45, 46]. 

In  addition,  substances  derived  from animal  venom are  used  in  other  aspects  of
medicine. For example, ecarin from the snake Echis carinatus is used to monitor the activity
of  direct  thrombin  inhibitors,  while  Russell’s  viper  venom  factor  X  activator  (RVV-X)
isolated from the Daboia russelli venom is used to determine the X coagulation factor [47].
Also based on a toxin derived from snake venom, fibrin glue was produced, which can be
used in periodontal disease. The component of this glue is a serine protease isolated from the
venom of the rattlesnake (Crotalus durissus terrificus).

4. SUBSTANCES IN THE RESEARCH PHASE

The development of science is conducive to the isolation of new substances derived
from venom, whose impact on the human body is in the phase of clinical research. These
include vipegitide and its pegylated counterpart vipegitide-PEG2, whose matrix is a C-type
lectin protein found in the venom of an Israeli viper. They are peptide antagonists of the α2β1
integrin  having  anti-platelet  activity.  It  inhibits  platelet  aggregation  by  blocking  collagen
binding to the α2β1 integrin subunit. This integrin is involved in the formation of clots, and
under  pathological  conditions  it  can  participate  in  the  formation  of  thrombi  causing  or
example  acute  coronary  syndrome.  Vipegitide  and  vipegitide-PEG2  can  be  used  as  new
therapeutic  substances  that,  thanks  to  their  anticoagulant  effect,  can  be  used to  treat  and
prevent thrombotic events, particularly acute coronary syndromes [48].

Among the clinical studies that have been discontinued is the study on α-conotoxin
Vc1.1.  This  substance  was  isolated  from the  Conus  victoriae  cochlear  venom and  is  an
antagonist of nicotinic cholinergic receptors of the subtype a9a10 associated with analgesia
[49].  It  also  activates  the  GABAB receptor,  leading  to  inhibition  of  calcium channels  in
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nociceptive  neurons [50].  For  this  reason,  it  was  considered that  α-conotoxin  Vc1.1 may
eliminate neuropathic pain; however in the second phase of the clinical trial it was found to be
ineffective in humans [51]. Despite this, research was still being carried out into its use in the
treatment  of  neuropathic  pain  [52].  RgIA  α-conotoxin,  isolated  from  another  cone  snail
species, Conus regio, was also studied. The mechanism of this toxin is similar to α-conotoxin
Vc1.1, but the first one has a much stronger effect in humans.

Studies on the inhibition of neuropathic pain also concerned a toxin from snails of
the  species  Conus marmoreus  -  Mr1A χ-conopeptide,  on the  basis  of  which  homologous
substances  were  produced.  These  substances  worked  by  inhibiting  the  reuptake  of
noradrenaline, resulting in the elimination of neuropathic pain in animals [53]. In humans,
limited dosing potential has been demonstrated due to its toxicity [54].

Irish scientists are investigating the use of a substance derived from the venom of the
rattlesnake (Crotalus durissus terrificus) in cancer therapy. This substance, known as CB24,
contains the composition of isolated crotoxin, a substance consisting of an inactive protein
and cytotoxic phospholipase A2 [55]. Studies on the use of crotoxin against lung cancer [61]
and leukemia have shown the positive effect of the toxin, which inhibits the development of
the disease [62] and the reduction in tumor size [56, 57]. 

On the basis of compound derived from the sea anemone Stichodactyla helianthus, a
substance - ShK-186 was produced, which selectively blocks the Kv1.3 subtype of voltage-
activated  potassium  channels.  Due  to  the  potential  involvement  of  channels  in  immune
diseases due to T-cell activation, researchers are exploring the possible use of ShK-186 in the
treatment of autoimmune diseases [58, 59]. For these diseases, scientists are also investigating
the HsTX1 toxin, derived from the scorpion venom Heterometrus spinnifer, which, like ShK-
186 is  a  blocker  of voltage activated  potassium channels  -  Kv1.3 [60].  During studies in
which this compound was administered through the buccal mucosa and the respiratory tract, it
was shown that the plasma concentration of substances administered by these routes reached
the level necessary to maintain the therapeutic effect. Its pegylated counterpart has also been
shown to be effective in the treatment of arthritis [61, 62, 63].

The cosmetic  properties  of  venom toxins,  which  are used in  various  creams and
ointments,  have  also  been  known for  a  long time.  Substances  with  such  properties  were
isolated from the secretions of the Tropidolaemus wagleri snake and the snail from the species
C. consors [64, 65]. Waglerin-1 and two similar peptides derived from T. wagleri venom act
in  a  mechanism  similar  to  botulinum  toxin,  blocking  nicotinic  acetylcholine  secretion
receptors [66]. They also have a modulating effect on GABAA receptors [67]. On the other
hand, the substance contained in C. consors m-CnIIIC cochlear secretions, blocks the NaV1.4
channel  and  nicotinic  acetylcholine  secreting  receptors  [68].  The  effect  of  the  cosmetic
application of the above substances is smoothing wrinkles and skin rejuvenation.

5.  SUMMARY

This review provides information on the use of animal venoms as potential substrates
for the production of drugs. Substances contained in venoms through numerous mechanisms
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exert influence on many tissues of the human body. The greatest impact can be observed on
the nervous system and in it  on the ion channel  system and on the blood system and in
particular on the coagulation and fibrinolysis systems. As a result of research into animal
venom, substances with proven medical properties have been isolated or obtained. This led to
the creation of such medicinal substances as captopril, exenatide or tirofiban, which have been
used in the treatment  of many diseases. Due to the large number of species  that produce
venom,  many  substances  have  not  yet  been  tested.  This  brings  great  research  potential.
Current methods used in research on substances with therapeutic potential are developing at a
blistering pace. The combination of new techniques and the potential of nature, which are
animal products, such as venom, brings many possibilities. As you can see in above article,
venom-based drugs have become widely used and despite the passage of time they are still
useful and effective medications like for example captopril. Among the less known drugs of
animal origin, we can find ziconotide an analgesic drug that is used in the treatment of chronic
pain syndromes. It is an alternative for people in the terminal stages of cancer who, despite
numerous symptoms of the underlying disease, are often forced to use opioids to control pain
in  doses  that  cause  side  effects  that  increase  their  discomfort.  Further  research  on  the
properties and substances contained in animal venom will allow a deeper understanding of the
mechanisms  by  which  they  affect  on  human  organism  and  it  is  possible  that  they  will
contribute to the discovery of a remedy for autoimmune diseases or cancer.

References

1. King GF. Venoms as a platform for human drugs: translating toxins into therapeutics.
Expert Opin Biol Ther. 2011; 11: 1469–1484.

2. Utkin YN. Animal venom studies: Current benefits and future developments. World J
Biol Chem. 2015; 6(2): 28-33.

3. Mayor A. Greek Fire,  Poison Arrows & Scorpion Bombs:  Biological  and Chemical
Warfare in the Ancient World, New York. New York: Overlook Books; 2003.

4. Redi F. Osservazioni Intorno alle Vipere. Florence: All'Insegna della Stella.
5. Maeno H, Morimura M, Mitsuhashi S, Sawai Y, Okonogi T. Studies on Habu snake

venom.  2b.  Further  purification  and  enzymic  and  biological  activities  of  H  alpha-
proteinase. Jpn J Microbiol. 1959; 3: 277–284.

6. Chang CC, Lee CY. Isolation of neurotoxins from the venom of bungarus multicinctus
and their modes of neuromuscular blocking action. Arch Int Pharmacodyn Ther. 1963;
144: 241–2.

7. Sarkar NK, Devi A. Venomous Animal and their venoms. Vol. 1 Academic Press, New
York, 1986; 167. 

8. McCleary RJ, Kini RM. Non-enzymatic proteins from snake venoms: a gold mine of
pharmacological tools and drug leads. Toxicon. 2013; 62: 56–74. 

9. Bradbury  MW,  Deane  R.  Permeability  of  the  blood-brain  barrier  to  lead.
Neurotoxicology. 1993; 14: 131-6.

635



10. Olivera BM, Gray WR, Zeikus R, McIntosh JM, et al. Cruz, Peptide neurotoxins from
fish-hunting cone snails. Science. 1985; 230(4732): 1338–1343.

11. McCleskey  EW,  Fox  AP,  Feldman  D,  et  al.  w-Conotoxins:  direct  and  persistent
blockade of specific types of calcium channels in neurons but not muscle, Proc. Natl.
Acad. Sci. 1987; 84: 4327–4331.

12. Lameiras  JLV,  Costa  OT,  Moroni  FT,  et  al.  Systemic  rhabdomyolysis  induced  by
venom  of  freshwater  stingrays Plesiotrygon  iwamae and Potamotrygon
motoro (Chondrichthyes–Potamotrygonidae)  from  the  Amazon  Basin. Toxicon. 2014;
77: 105–113. 

13. Sivan G, Venketesvaran K, Radhakrishnan C. Biological  and biochemical  properties
of Scatophagus argus venom. Toxicon. 2007; 50: 563–571. 

14. Carlson R, Schaeffer R, Whigham H, et al.  Some pharmacological properties of the
venom of the scorpionfish Scorpaena guttata—II. Toxicon. 1973; 11: 167–180.

15. Church  JE,  Hodgson  WC.  Stonefish  (Synanceia spp.)  antivenom  neutralises  the in
vitro and in  vivocardiovascular  activity  of  soldierfish  (Gymnapistes  marmoratus)
venom. Toxicon. 2001; 39: 319–324.

16. Church J, Hodgson W. Dose-dependent cardiovascular  and neuromuscular effects  of
stonefish (Synanceja trachynis) venom. Toxicon. 2000; 38: 391–407.

17. Hopkins  BJ,  Hodgson WC,  Sutherland  SK. Evidence  for  adrenergic  and tachykinin
activity in venom of the stonefish (Synanceja trachynis) Toxicon. 1996; 34: 541–554. 

18. Khoo H, Hon W, Lee S, Yuen R. Effects of stonustoxin (lethal factor from Synanceja
horrida venom) on platelet aggregation. Toxicon. 1995; 33: 1033–1041

19. Yang SH, Chien CM, Chang LS, Lin SR. Cardiotoxin III-induced apoptosis is mediated
by Ca2+-dependent  caspase-12 activation  in  K562 cells.  J  Biochem And Molecular
Toxicology. 2008; 22: 209-18.

20. Rodrigues  VM,  Soares  AM,  Guerra-Sá  R,  Rodrigues  V,  Fontes  MR,  Giglio  JR.
Structural  and  functional  characterization  of  neuwiedase,  a  nonhemorrhagic
fibrin(ogen)olytic  metalloprotease  from Bothrops  neuwiedi snake  venom. Arch
Biochem Biophys. 2000; 381(2): 213–224.

21. Chien CM, Yang SH, Chang LS, Lin SR. Involvement of both endoplasmic reticulum-
and mitochondria-dependent pathways in cardiotoxin III-induced apoptosis in HL-60
cells. Clin and Experimental Pharmacology and Physiology. 2008; 35: 1059-64.

22. Markland FS, Shieh K, Zhou Q, et al. A novel snake venom disintegrin that inhibits
human ovarian  cancer  dissemination  and angiogenesis  in  an orthotopic  nude mouse
model. Haemostasis. 2001; 31: 183-91.

23. Kang IC, Lee YD, Kim DS. A novel disintegrin salmosin inhibits tumor angiogenesis.
Cancer Res. 1999; 59: 3754-60.

24. Gao W, Starkov VG, Tsetlin VI, et al. Isolation and preliminary crystallographic studies
of two new phospholipases  A2 from vipera nikolskii  venom. Acta crystallographica
Ssection F, Structural Biol and Crystallization Commun. 2005; 61: 189-92.

25. Ferreira SH, Bartelt DC, Greene LJ. Isolation of bradykinin-potentiating peptides from
Bothrops jararaca venom. Biochemistry. 1970; 9: 2583–2593.

636



26. Swenson S, Markland FS., Jr Snake venom fibrin(ogen)olytic enzymes. Toxicon. 2005;
45(8): 1021–1039. 

27. Gomes A, Choudhury SR, Saha A, et al. A heat stable protein toxin (drCT-I) from the
Indian Viper  (Daboia  russelli  russelli)  venom having antiproliferative,  cytotoxic  and
apoptotic activities. Toxicon: Official J Int Society on Toxinology. 2007; 49: 46-56.

28. Wang S, Xu X, Gao S, Zhu S, Rong R, Li B. Purification and partial characterization of
a novel fibrinogenase from the venom of Deinagkistrodon acutus: inhibition of platelet
aggregation. Protein Expr Purif. 2014; 99: 99–105. 

29. Zychar BC, Dale CS, Demarchi DS, Gonçalves LR. Contribution of metalloproteases,
serine  proteases  and  phospholipases  A2  to  the  inflammatory  reaction  induced
by Bothrops jararaca crude venom in mice. Toxicon. 2010; 55(2–3): 227–234. 

30. Cushman  DW,  Cheung  HS,  Sabo  EF,  Ondetti  MA.  Design  of  potent  competitive
inhibitors  of  angiotensin-converting  enzyme.  Carboxyalkanoyl  and mercaptoalkanoyl
amino acids. Biochemistry. 1977; 16: 5484–5491.

31. Cushman DW, Cheung HS, Sabo EF, et al.  Design of potent competitive inhibitors of
angiotensin-converting enzyme.  Carboxyalkanoyl  and mercaptoalkanoyl  amino acids.
Biochemistry. 1977; 16: 5484-5491.

32. Gan  ZR,  Gould  RJ,  Jacobs  JW,  Friedman  PA,  Polokoff  MA.  Echistatin.  A  potent
platelet aggregation inhibitor from the venom of the viper, Echis carinatus. J Biol Chem.
1988; 263: 19827–19832.

33. Miljanich GP. Ziconotide: neuronal calcium channel blocker for treating severe chronic
pain, Curr. Med. Chem. 2004; 11: 3029–3040.

34. Hashemzadeh M, Furukawa M, Goldsberry S, et al. Chemical structures and mode of
action  of  intravenous  glycoprotein  IIb/IIIa  receptor  blockers:  a  review.  Exp.  Clin.
Cardiol. 2008; 13: 192-197

35. Koh CY, Kini RM. From snake venom toxins to therapeutics–cardiovascular examples.
Toxicon. 2012; 59: 497–506.

36. Furman BL. The development of Byetta (exenatide) from the venom of the Gila monster
as an anti-diabetic agent. Toxicon. 2012; 59: 464–471.

37. Furman B, Ong WK, Pyne NJ. Cyclic AMP signaling in pancreatic islets. Adv Exp Med
Biol. 2010; 654: 281–304.

38. You W, Choi W, Koh Y, et al. Functional characterization of recombinant batroxobin, a
snake  venom  thrombin‐like  enzyme,  expressed  from Pichia  pastoris.  Febs  Letters.
2004; 571: 67-73. 

39. Alves  EM,  Heneine  LGD,  Pesquero  JL,  Albuquerque  MLD.  Pharmaceutical
Composition  Containin  an  Apitoxin  Fraction  and Use Thereof.  WO2011041865,  14
April 2011.

40. Saini  S,  Peterson  J,  Chopra  A,  "Melittin  binds  to  secretary  phospholipase  A2  and
inhibits its enzymatic activity". Biochemical and Biophysical Research Communication.
1997; 238: 436- 442.

637



41. Kocyigit A, Guler E, Kaleli S. Anti-inflammatory and antioxidative properties of honey
bee venom on Freund's Complete Adjuvant-induced arthritis  model in rats. Toxicon.
2019; 161: 4-11

42. Lee JA, Son MJ, Choi J, Jun JH, et al. Bee venom acupuncture for rheumatoid arthritis:
A systematic review of randomised clinical trials. BMJ. 2014; 4: e006140.

43. Alves  EM,  Heneine  LGD,   Pesquero  JL,  Albuquerque  MLD.  Pharmaceutical
Composition Containin an Apitoxin Fraction and Use Thereof. WO2011041865, 2011.

44. Momic T, Katzhendler J, Shai E, Noy E, et  al. Vipegitide:  a folded peptidomimetic
partial  antagonist  of  α2β1 integrin  with antiplatelet  aggregation  activity.   Drug Des
Devel Ther. 2015; 9: 291–304.

45. Vincler M, Wittenauer S, Parker R, et al. Molecular mechanism for analgesia involving
specific  antagonism of  a9a10 nicotinic  acetylcholine  receptors.  Proc Natl  Acad Sci.
2006; 103: 17880–17884.

46. Azam L, McIntosh JM. Molecular basis for the differential sensitivity of rat and human
a9a10 nAChRs to a-conotoxin RgIA. J Neurochem. 2012; 122: 1137–1144.

47. Beeton C, Pennington MW, Norton RS, Analogs of the sea anemone potassium channel
blocker ShK for the treatment of autoimmune diseases. Inflamm. Allergy Drug Targets.
2011; 10: 313-321.

48. van Lierop BJ, Robinson SD, Kompella SN, et al. Dicarba a-conotoxin Vc1.1 analogues
with  differential  selectivity  for  nicotinic  acetylcholine  and GABAB receptors.  ACS
Chem Biol. 2013; 8: 1815–1821.

49. Romero HK, Christensen SB, Di Cesare Mannelli L, et al. Inhibition of a9a10 nicotinic
acetylcholine  receptors  prevents  chemotherapy-induced  neuropathic  pain.  Proc  Natl
Acad Sci. 2017; 20: 30-38.

50. Lewis RJ. Discovery and development of the χ-conopeptide class of analgesic peptides.
Toxicon. 2012; 59: 524-52.

51. Finol-Urdaneta  RK, McArthur  JR, Goldschen-Ohm  MP, Gaudet  R, Tikhonov
DB, Zhorov BS, French RJ. Batrachotoxin acts as a stent to hold open homotetrameric
prokaryotic voltage-gated sodium channels. J Gen Physiol. 2019; 151(2): 186-199.

52. Groeneveld GJ. Examples of Go and No-go Decisions After Rigorous Early Phase Drug
Evaluation (2013) https://isctm.org/public_access/Oct_2013/presentations/
2013_Autumn_Groeneveld.pdf

53. Newman RA, Vidal JC, Viskatis LJ, et al. VRCTC310-a novel compound of purified
animal toxins separates antitumor efficacy from neurotoxicity. Invest New Drugs. 1993;
11: 151-9.

54. Cura JE, Blanzaco DP, Brisson C, et al. Phase I and pharmacokinetics study of crotoxin
(Cytotoxic  PLA2,  NSC624244)  in  Patients  with  advanced cancer.  Clin  Cancer  Res.
2002; 8: 1033-41.

55. Schoni R. The use of snake venom-derived compounds for new functional diagnostic
test kits in the field of haemostasis. Pathophysiol Haemost Thromb. 2005; 34: 234–240.

56. Barbosa MD, Gregh SL, Passanezi E. Fibrin adhesive derived from snake venom in
periodontal surgery. J Periodontol. 2007; 78: 2026–2031.

638

https://isctm.org/public_access/Oct_2013/presentations/2013_Autumn_Groeneveld.pdf
https://isctm.org/public_access/Oct_2013/presentations/2013_Autumn_Groeneveld.pdf


57. Romero HK, Christensen SB, Di Cesare Mannelli L, et al. Inhibition of a9a10 nicotinic
acetylcholine  receptors  prevents  chemotherapy-induced  neuropathic  pain.  Proc  Natl
Acad Sci. 2017.

58. Jin L, Boyd BJ, Larson IC, et al. Enabling noninvasive systemic delivery of the Kv1.3-
blocking peptide HsTX1[R14A] via the buccal mucosa. J Pharm Sci. 2016; 105: 2173–
2179. 

59. Jin L, Zhou QT, Chan HK, et al.  Pulmonary delivery of the Kv1.3-blocking peptide
HsTX1[R14A] for the treatment of autoimmune diseases. J Pharm Sci. 2016; 105: 650–
656.

60. Tanner MR, Tajhya RB, Huq R, et al. Prolonged immunomodulation in inflammatory
arthritis using the selective Kv1.3 channel blocker HsTX1 [R14A] and its PEGylated
analog. Clin Immunol. 2017; 180: 45–57.

61. Weinstein SA, Schmidt  JJ,  Bernheimer AW, Smith LA.  Characterization and amino
acid  sequences  of  two  lethal  peptides  isolated  from  venom  of  Wagler’s  pit  viper,
Trimeresurus wagleri. Toxicon. 1991; 29: 227–236.

62. Favreau P, Benoit E, Hocking HG, et al. A novel l-conopeptide, CnIIIC, exerts potent
and  preferential  inhibition  of  NaV1.2/1.4  channels  and  blocks  neuronal  nicotinic
acetylcholine receptors. Br J Pharmacol. 2012; 166: 1654–1668

63. McArdle JJ, Lentz TL, Witzemann V, et al. Waglerin-1 selectively blocks the e form of
the muscle nicotinic acetylcholine receptor. J Pharmacol Exp Ther. 1999; 289: 543–550.

64. Chi V, Pennington MW, Norton RS, Tarcha EJ, et al.  Development of a sea anemone
toxin  as  an  immunomodulator  for  therapy  of  autoimmune  diseases.  Toxicon.  2012;
59: 529-546

65. Lebrun B, Romi-Lebrun R, Martin-Eauclaire MF, et al. A four-disulphidebridged toxin,
with  high  affinity  towards  voltage-gated  K+  channels,  isolated  from  Heterometrus
spinnifer (Scorpionidae) venom. Biochem J. 1997; 328: 321–327.

66. Diochot S, Baron A, Salinas M, Douguet D, et al. Black mamba venom peptides target
acid-sensing ion channels to abolish pain. Nature. 2012; 15: 552-555.

67. Gutierrez VP, Zambelli  VO, Picolo G, et  al.  The peripheral L-arginine-nitric oxide-
cyclic GMP pathway and ATP-sensitive K  channels are involved in the antinociceptive⁺ channels are involved in the antinociceptive
effect of crotalphine on neuropathic pain in rats. Behav. Pharmacol. 2012; 23: 14-24.

68. Zambelli  VO, Fernandes  AC, Gutierrez  VP,  et  al.  Peripheral  sensitization  increases
opioid receptor expression and activation by crotalphine in rats.  PLoS One. 2014; 9:
e90576.

639


