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ABSTRACT

Cancer is one of the leading cause of death worldwide. There is urgent need to search for new drugs from
the natural products. In recent years remarkable progress has been made for the treatment of cancer. The
major drawback of the current methods of cancer treatment is the resistant to the therapies after initial
treatments. It has led to the increased use of anticancer drug developed from natural sources. The
biodiversity of snake venom is a unique source from which nove therapeutics can be developed. Shake
venoms toxins contributed significantly to the treatment of cancer. Some of the compounds found in snake
venom present a great potential as antitumor agent. In view of this, we presented the recent years of
resear ch involving the active compounds of snake venoms that have anticancer activity.
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INTRODUCTION
Snake venoms are the secretion of venomous snakésh are synthesized in venom glands. Snake
venoms are complex mixture of enzyme, toxins, rotides, proteinaceous and peptidyl toxfm#bout
90% of venom’s dry weight is proteinaceous. Thasteins may be toxic or non-toxic in nature. Snake
venoms contain a number of bioactive substancehnide pharmacological importance. It is a natural
source of neurotoxic, cardiotoxic, cytotoxic andny@ther different active compouridSnake venoms
are produced in venom glands throughout life ofgshake which is collected with scientific approache
and techniqués Different species of snake have different typEsemom depending upon its location,
habitat, age etc. The concentration of secretedmeinom glands depends upon the climate and season
also. Snake venom is harmless when it is ingested thprtoduces toxicity when it is injected into the
blood. It is a viscous and transparent liquid, Wwhian be dried in the form of crystalSnake venoms
have been classified as 3 groups (Cytotoxin, Neumotand Hemotoxin) according to its mode of action
and effect§ Neurotoxins target central nervous system caubiayt failure and breathing problems.
They have the ability to inhibit ion movement agrdke cell membrane and blocks the communication
between neurofisHemotoxins are the toxins that cause destruaioRBC. It affects cardiovascular
system and blood functions. It also targets theaausssue of the host. Cytotoxic venoms targetifige
cellular sites or muscles. Cobra, Kraits, Sea shakatain neurotoxic venom whereas Rattle snake and
Copper heads have hemotoxic venoms. Snake bitétgés subcutaneous injection of venom into the
prey which results in local and systemic effectse Tocal effects include hemorrhage and dermoniscros
Systemic toxicity includes myotoxicity, anticoageliaactivities and hypotensiV€. Enzymes present in
shake venom hydrolyse proteins and membrane compoteading to blood clotting and tissue necrosis.
Cancer is one of the major public burden all oherworld. It is a complex disease which may ocawe d
to genetics, environmental factors, radiation, ioagens etc. it is a multigenic and multi-celluthsease
with a multi-factorial etiology! Various therapies like chemotherapy, radiotherapyunotherapy and
gene therapy have been used for the treatmennoécalhe major drawback of chemotherapy is that
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patients eventually gets resistant after some fimBsdiation therapy being an important part of eanc
treatment, there is less rate of successful trastherause of the exposure of radiation on botlcdineer
cells and surrounding normal cells which resultitr radiation toxicit}’. Immunotherapy do not play a
significant role in the death of the cancer celigduse it serves only to direct immune effectorthéo
tumor cell$®. It only enhances the immune system to overcomearacells rather than killing the tumor
cells. Now a days cancer treatment is a major ehg#t worldwide. Surgery, chemotherapy and
radiotherapy are very costly and have numerousefifdets. Present methods of treatment affects alorm
cells as well as tumor cells. It leads to discovargancer cure from natural products. Some comg®un
of snake venoms have the capability to retard thevidp of cancerous cells. The mode of action okena
venom is similar to the medicines. This propertyh&f venom made it a potential product as a thetape
agents. Keeping in view about the future use obuweim pharmaceutical fields, it will generate a rena
for the treatment of cancer. The purpose of tHislaris to review recent findings regarding usesioéke
venom as an anticancer agent.
BASIC COMPOSITION OF SNAKE VENOM
Snake venoms are complex mixture of peptides, imstehemicals and inorganic cations (Ca, K, Mg, Na
etc.). Snake venoms also contain carbohydratedslgnd free amino acid3Snake venoms contain at
least 25 enzymes in varying combinations and cdreon, but more of them contain all of them.
Higher catalytic efficiency, thermal stability anelsistance to proteolysis make these enzymes tatrac
models for every resear¢h
1) Hyaluronidase
It is an endoglycosidase that degrades the betaaddtyl- glucosaminidic linkages in HA
polymer’. It is commonly known as “Spreading factor” in wem It is not only involved as
spreading agent but also it is required as a tleetdép agent for inhibiting the systemic
distribution of venom and also for minimizing lodisue destruction at the site of BiteThe
major function of this enzyme is to damage theamdlular matrix at the site of bite leading to
severe morbidity. Hyaluronidase isolated from ssaled other vanoms are proteinaceous in
nature. These are neutral enzymes as they exhédzsunable activity at around pH 8. At pH 7,
the testicular enzyme exhibita vitro transglycosylase activity Venom hyaluronidase, apart
from causing tissue damage and spreading, it alsislto systemic effects.
2) L-amino acid oxidase (LAAO)
It represents 1-9% of total venom prof8inThis enzyme is also called as ophio- amino-acid
oxidase. LAAO are the flavoenzymes that catalysestieriospecific oxidative deamination of an
L-amino acid substrate to corresponding a ketoadgith hydrogen peroxide an d ammonia
productio’. This enzyme belongs to oxidoreductase family iarhs affinity for hydrophobic
amino acid¥. This enzyme is responsible for the yellow colaursnake venoms. LAAO are
widely present in Viperidae, Crotalidae and Elapifamily?,
3) Phospholipasees A2
Snake venoms are the richest sources of PLA2. Smakems are complex mixture of active
proteins or peptides belonging to calcium ion dejeeh secretory PLA2, which serve as digestive
enzyme as well as defense weapon by immobiliziegptiey”. It is of two types- 1 PLA2 and 2
PLA2. IPLA2 is found in Cobras, Kraits and Sea ssalhereas 2PLA2 is present in Viper and
Pit vipeP>. Phospholipase A2 constitute major componentsnake venoms which display a
variety of relevant toxic actions such as neuraibxi cytotoxicity, cardiotoxicity, hypotensive
and proinflammatory effecs”".
4) Cholinesterase
Cholinesterase is one of the enzyme present inesvethom which targets the nervous system. Its
high reactivity towards organophosphorus compowggssts that exogeneous cholinesterase can
serve as an effective therapeutic agent in thenteyat of prophylaxis and organophosphorus
poisoning®.
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5) Collagenase
Collagenase is a proteinase enzyme which is spdoifidigesting the collagen. Collagen present
in snake venom digests mesenteric collagen fibers
6) Thrombin- like enzymes
These enzymes are glycoprotein in nature which astanticoagulantis vivo andin vitro they
clot plasma and purified the fibrinogen. These emzy have got more attention due to its action
as defibrinating agent. Some examples of thrombke enzymes are crotalase, ancrod and
batroxobin which can be purified from snake veno@aotalase play a role in the formation of
fibrin in burns in the animals. Ancrod and Batrokolhave been employed to remove the
fibrinogert.
7) Other enzymes
Proteolytic enzymes, RNase, DNase, PolypeptidesLantate dehydrogenase have also been
found in different snake venoms.
ROLE OF SNAKE VENOM AS AN ANTICANCER AGENT
Khunsapet al ! reported tha€. albolabris andC. rhodostoma venoms showed similar cytotoxic effects
on KATO-IIl, SW620, BT474, ChaGO and Hep-G2 carmzdls. Both venoms showed higher potency on
KATO-IIl and BT474 cells than the anti-cancer dr@j.albolabris venom had high percent Sub-G1 to
Hep-G2 and BT474 cell<. rhodostoma venom had potent on SW620 and KATO-III. Zhaigal *
reported that ACTX-6 could induce cell apoptosike Tnain factor responsible for apoptosis is reactiv
oxygen species (ROS). Naumaenal *® isolated and purified L-amino acid oxidases (LAAG®m
Bothrops leucurus (BI-LAAQO) and reported its effect on platelet fion and cytotoxicity. Cytotoxicity
of BI-LAAO was determined in the stomach cancer MK¥B| adenocarcinoma HUTU, colorectal RKO
and human fibroblast LL-24 cell lines. Kiet a * purified the venom ofphiophagus hannah and
determined the cytotoxic componenets in purifiedora. The cytotoxic activity of L-amino acid oxidase
was obtained in stomach cancers, murine melandbomasércoma, colorectal cancer and Chinese hamster
ovary cell lines.In vitro and in vivo antitumor activity of p-bromophenacyl bromide nfaati
bothropstoxin-1 (BPB-BthTx-I) isolated frofothrops jararacussu venom was reported by Gebrinal
% who determined the susceptibility of tumor ceflels against BPB-BthTx-I. Sorej al *° reported the
antitumor activity of snake venom toxin frovipera Iebentina tunica against ovarian cancer cells through
the inhibition of NF-KB and STAT 3 signal. This ioxincreases the expression of pro-apoptotic pmotei
Bax and Caspase-3 but down-regulates the anti-agioprotein Bcl-2. Debnatét al *” demonstrated the
cytotoxic effect of venom on human leukemia cell®37/K562). According to Chieet al * apoptosis
was induced by activation of both ER pathway andochiondrial death pathway which results in
increased level of Gaand glucose-related protein 78 (GRP78). Disintebsis the ability to inhibit the
tumors. Salmosin (a disintegrin) isolated from Koresnake venom had the capability to suppress Qrowt
of metastatic tumor and solid tumor in mi¢& homodimeric disintegrin, Contortrostatin (CN) seat in
Southern Copperhead snake venom, was studied orPABNMBC(human epithelial carcinoma cell line of
ovary) cells for its anticancer activity. Contostatin blocks the adhesion of OVCAR-5 cells to salve
extracellular matrix proteins and inhibit tumorldevasion through an artificial basement membfane
Gomeset al ** purified the heat stable protein toxin called dfCTrom Daboia russelli russelli venom.
drCT-1 had anticancer activity against EAC cellsvimo and human leukemia cells (U937, K568)
vitro. EAC cell count was decreased by the effect ofTdtCdrCT-1 was responsible for induction of
apoptosis by @phase arrest of the cell cycle. Karthikeyaimal * reported antitumor activity of sea snake
venom (apemis curtus) against Ehrlicls ascites carcinoma (EAC) in Swiss albino mice ldetla and
Hep2 tumor cell cultures. The finding resulted atitase in tumor volume and viable tumor cell count
Muhammad Alla and Omaff had observed that snake venom had influenced @mritwth of breast
cancer cell lines (T470 and MRDMB-468 cells). Theynd the effect of venom on the cell lines at lowe
dose. This is consistence with the observation mfadet al*’. Sheikh and Jokhi& reported that crude
Cobra snake venom significantly decreases the ptimauof RNA and DNA in
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breast cancer ous tissue. So it can be a bettstitsiid of antitumor drug, for therapeutic use redst
cancer. Recent study determined the effectivenesmake venom on breast carcinoma cell lines. The
shake venom extracted frowalterinessia aegyptia (WEV), alone or in combination with silica nano-
particles can can decrease the proliferation ofdrutreast carcinoma cell lines (MDA-MB-231). This
study reported the activation of Caspase-3. Bt was not the case with non-cancerous cell 4ines
Nolte et al *’ purified Bjcul, a lectin fronBothrops jararacussu venom by chromatographic techniques
and showed its effect on gastric carcinoma celld\ME& and AGS.

CONCLUSION

Snake venom is a complex mixture of several pretepeptides, enzymes, organic and inorganic
molecules. Snake venom is used as an anticancet. adee cytotoxic effects of snake venom have
potential to destroy tumor cancer cells. Many &ticeviewed that snake venom acts by inhibitidg ce
proliferation and causing cell death. The therapeuse of snake venom provides an overview of
different use of snake venom for different therapi&bove description clearly indicates that diffdre
components of the snake venom are being used ifuicall trial and they can be used as a natural
therapeutic agent against cancer. In view of thiske venom may open the doors for new era of
medicines and research for treatment of cancer.

ACKNOWLEDGEMENT
The authors would like to thank Department of PBiotogy and Biotechnology, Loyola college for thei
support. The authors declare no conflict of interes

REFERENCES

1. Arid SD. Ophidian envenomation strategies and the of purinesToxicon ; 40: 335-393 (2002)

2. Leon G, Sanchez L, Hernandez A, Villalta M, HerrbtaSegura A. Immune response towards
snake venomgnflamm Allergy Drug Targets ; 10: 381-398 (2011)

3. Doley R, Kini RM. Protein complexes in snake vendellular and Molecular Life sciences ;
66(17):2851-71 (2009)

4. Daltry JC, Wuster W, Thorpe RS. Diet and snake werwolution.Nature ; 379: 537-540 (1996)

5. Tashima AK, Sanz L, Camargo ACM, Calvete JJ. Snakmomics of the Brazilian pitvipers,
Bothrops cotiara andBothrops fonsecai, Identification of taxonomy markerd.Proteo ; 71: 473-
485 (2008)

6. Guan HH, Goh KS, Davamani F, Huang YW, Jeyakantharal. Structures of two elapid snake
venom metalloproteases with distinct activitieshiight the disulfide patterns in the domain of
ADA Malysin family proteinsJ. Sru. Bial ; 169: 294-303 (2010)

7. Ferrer. Snake venom: The pain and potential ofvéreom. The cold blooded news. 28, PAGE
(2001)

8. Bradbury MW, Deane R. Permeability of the bloodubriaarrier to leadNeurotoxicology ;14:
131-6 (1993)

9. Tu AT. Overview of snake venom chemistAgv Exp. Med. Bial ; 39: 37-62 (1996)

10. Cher CD, Armugam A, Zhu YZ, Jeyaseelan K. MolecWlasis of cardiotoxicity upon cobra
envenomationCell Mol Life Sci ; 62:105-118 (2005)

11. Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and raaliatherapy: current advances and future
directions.Int. J. Med. i ; 9: 193-9 (2012)

12. Lai D, Visser-Grieve S, Yang X. Tumor suppressaonagein chemotherapeutic drug response.
Biosci Reports ; 32: 361-74 (2012)

13. Barnett GC, West CM, Dunning AMt al. Normal tissue reactions to radiotherapy: towards
tailoring treatment dose by genoty&ture Rev Cancer ; 9: 134-42 (2009)

14. Orentas RJ, Lee DW, Mackall C. Immunotherapy targepediatric canceErontiersin Oncol ;
2,3(2012)

www.ijpab.com 27



Khusro,
15.

16.
17.
18.
19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Aetal Int. J. Pure App. Biosci. 1 (6): 24-29 (2013) ISSN223- 7051

Santos MMDV, Santana CD, Giglio JR, Da Silva RInfaio SV, Soares AMt al. Antitumor
effect of an L-amino acid oxidase isolated fr@uthrops jararaca snake venomBasic Clin
Pharmacol Toxicol ; 102: 533-542 (2008)

Kang TS, Georgieva D, Genov K al. Enzymatic toxin from snake venom: structural
characterization and mechanism of catalysiEBSJ ; 278:4544-76 (2011)

Lokeshwar VB, Selzer MG. Hyaluronidase: both a tummmoter and suppress@minarsin
Cancer Biol ;18: 281-7 (2008)

Kemparaju K, Girish KS. Snake venom hyaluronidagetherapeutic targetCell Biochem
Function ; 24: 7-12 (2006)

Kreil G. Hyaluronidases- a group of neglected erzyfrotein ci; 4:1666-1669 (1995)

Du XY, Clemetson KJ. Snake venom L-amino acid os@d®oxicon ; 40: 659-665 (2002)

Curti B, Ronchi S, Simonetta MP. D- and L- aminddaaxidases. Chemistry and Biochemistry
of flavoenzymes3: 69-94 (1992)

Pawelek PD, Cheah J, Coulombe R, Macheroux P, &MislVrielink A. The structure of L-
amino acid oxidase reveals the substrate traje@ttoyan enantiomerically conserved active site.
EMBO J ;19: 4204-4215 (2000)

Tan NH, L-amino acid oxidase and lactate dehydragenenzymes from snake venom.;579-598
(1998)

Wei JF, Wei XL, He SH. Induction of most cell acauation, histamine release and skin edema
by N49 phospholipaseBMC Immunal ; 10: 21 (2009)

Armugam A, Cher CD, Lim ket al. A secretory phospholipase-Anediated neuroprotection and
anti-apoptosisBMC Neuroscience ; 10: 120 (2009)

Lakshminarayanan R, Valiyaveetti S, Rao VS and RiN. Purification, characterization aiml
vitro mineralization studies of a novel goose eggsheltrim protein, ansocalcin) of Bial.
Chemistry ; 278(5): 2928-2936 (2003)

Shimuta K, Ohnishi M, lyoda S, Gotoh N, Koizumi Watanahe H. The hemolytic and cytolytic
activities of Serratia marcescens phospholipasB) depend on lysophospholipid production
by PhIA.BMC Microbiology ; 9: article 261 (2009)

Cohen O, Knonman C, Chitlarué al. Effect of chemical modification of recombinanatean
acetylcholinesterase by polyethylene glycol oncitsulatory longevity.The Biochem J ; 357:
795-802 (2001)

Sales PBV, Santoro ML. Nucleotidase and DNase iiesvon Brazilian snake venor@ompr
Biochem Physiol ;147 C: 85-95 (2008)

Antunes TC, Yamashita KM, Barbaro KC, Saiki M, Mel LS. Comparative analysis of
newborn and aduBothrops jararaca snake venoniloxicon ; 56:1443-1458 (2010)

Khunshap S, Buranapraditkum S, Suntrarachun S,aRgtls, Khow O, Chulasugandha P,
Boonchang S. The effect @. albolabris, C.rhodostoma andD. siamensis venoms on human
cancer cellsAsian J of Biol and Life sciences ; 2(1): 50-53 (2013)

Zhang L, Wei LJ. ACTX-8, a cytotoxic L-amino acididase isolated fronhgkistrodon acutus
snake venom, induces apoptosis in HelLa cervicaleragellsLife sci ; 80: 1189-1197 (2007)
Naumann GB, Silva LF, Silva L, Faria G, Richardddn Evangelista K. Cytotoxicity and
inhibition of platelet aggregation caused by annhifeo acid oxidase fronBothrops leucurus
venom.Biochem Biophys Acta ; 1810: 683-694 (2011)

Kim YS, Ahn MY, Lee BM. Characterization and cytgicity of L-amino acid oxidase from the
venom of king cobrant. J. Biochem Cell Bial ; 29: 911-919 (1997)

Gebrim LC, Marcussi, Menaldo DL, De Menezes CSRmito A, Hamaguchi A. Antitumor
effect of snake venom chemically modified Lys 49ogpholipase Alike BthTX-I and a
synthetic peptide derived from its C-terminal regiBiologicals ; 37: 222-229 (2009)

www.ijpab.com 28



Khusro,
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Aetal Int. J. Pure App. Biosci. 1 (6): 24-29 (2013) ISSN223- 7051

Song JK, Jo MR, Park MMt al. Cell growth inhibition and induction of apoptodig snake
venom toxin in ovarian cancer cell via inactivatioh nuclear factor Kappa B and signal
transducer and activation of transcriptiorABhives of Pharmacol Res ; 35: 867-76 (2012)
Debnath A, Chatterjee U, Das &l al. Venom of Indian monocellate Cobra and Russelpen
show anticancer activity in experimental modeEthnopharmacology ; 111:681-684 (2007)
Chien CM, Yang SH, Chang LS, Lin SR. Involvemenbofh ER and mitochondrial dependent
pathways in cardiotoxin lll-induced apoptosis in -BQ cells. Clin and Experimental
Pharmacology and Physiology ; 35: 1059-64 (2008)

Kang IC, Lee YD, Kim DS. A novel disintegrin salnisnhibits tumor angiogenesi§ancer
Res ; 59: 3754-60 (1999)

Markland FS, Shieh K, Zhou Q et al. A novel shal@mom disintegrin that inhibits human
ovarian cancer dissemination and angiogenesis ortApntopic nude mouse modelaemostatis ;
31:183-91 (2001)

Gomes A, Choudhury SR, Saha A, Mishra R, Giri Bsvigis AK et al. A heat stable protein
toxin(drCT-1) from the Tndian vipeD@boia russeli russelli) venom having antiproliferative,
cytotoxic and apoptotic activitiesoxicon ; 49: 46-56 (2007)

Karthikeyan R, Karthigayan S, Sri Balasubashini 3§masundaram ST, Balasubramanian T.
Inhibition of Hep2 and Hela cells proliferatian vitro and EAC tumor growthin vivo by
Lapenis curtus venom.Toxicon ; 51:157-161 (2008)

Ala M, Omran A.In vitro anticancer effect of scorpion leiurus quinquetisaand Egyptian
cobra venom on human breast and prostate can¢éineslJ. Med. i ; 3(1): 66-86 (2003)
Omran MAA, Fabb SA, Dickson G. Biochemical and Murpgical analysis of cell death
induced by Egyptian cobr&léja naja) venom on cultured cell3oxicology.(2002)

Shaikh DM, Jokhia RIn vitro crude cobre snake venom significantly decreasepribduction of
RNA and DNA in Breast cancerous tissBak. J. Physiol, 2(1): (2006)

Al-Sadan MK, Abdel-Maksoud MA, Rabeh DM, Badr Gdurction of apoptosis and growth
arrest in human breast carcinoma cells by a snakem combined with silica nanoparticles:
crosstalk between Bcl2 and Caspas€edl. Physiol Biochem ; 30: 653-65 (2012)

Nolte S, De Castro DD, Barea AC, Gomes J, Magall#aedello zischler LF. A lectin purified
from Bothrops jararacussu venom, induces apoptosis in human gastric carcanarells
accompanied by inhibition of cell adhesion andractitoskeleton disassemblfoxicon; 59: 81-
85 (2012)

www.ijpab.com 29



