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Abstract 
   Traditional treatments of cancer include surgery, chemotherapy, radiotherapy, hormone therapy, and 

combination therapy which affect both cancer and normal cells. The present study investigated anti-

cancer venom potentials of Montivipera xanthina and Leiurus quinquestriatus compared to the syn-

thetic anti-estrogen drug (Tamoxifen
®
) on MCF-7 breast cancer cell line. Cytotoxicity of venoms was 

evaluated using MTT assay. Cell cycle arrest was done using propidium iodide DNA stained by Flow 

Cytometry. Apoptosis was determined using annexin V-FITC by Flow Cytometry. Gene expression 

analysis was done for Caspase3, HER2, ER, and Survivin using qRT-PCR 24hrs post treatment and 

histological examination. L. quinquestriatus & M. xanthina venoms and tamoxifen had IC50 at 2.5, 

34.4 & 27.8µg/mL with MCF-7 cell line respectively. Cell cycle was ceased at G1/S phase of L. quin-

questriatus and M. xanthina compared to tamoxifen. In gene expression analysis, venoms and tamoxi-

fen exhibited apoptotic effect against MCF-7 cell lines by elevated expression of Caspase3 & deple-

tion of HER2, ER, and Survivin. Histological examination showed apoptotic and slightly necrotic fea-

tures in both venoms. Tamoxifen induced a number of apoptotic bodies and colonies of necrotic cells 

Keywords: Venom, Montivipera xanthina, Leiurus quinquestriatus, MCF-7 breast cancer cell line, 

cytotoxicity, apoptosis, Caspase-3, HER2, ER, Survivin.  
 

Introduction 
 

   Cancer is a group of diseases causing un-

controlled growth of abnormal cells charac-

terized by insufficient apoptosis and metast-

atic capabilities (American Cancer Society, 

2017). Breast cancer is one of the common-

est diseases in women (lobules, ducts & co-

nnective tissues) and the second cause of 

their mortality (Bajrami et al, 2018). Global-

ly, breast cancer was estimated with 1.67 

million new cancer cases; 11% of all diagno- 

sed cancers (Feraly et al, 2015). Sporadic br-

east cancer (somatic genes related-mutations 

combined with environmental factors) and/ 

or hereditary cancer (Kenemans et al, 2004). 

The naturally extractions were attractive al-

ternative drugs. Bioactive molecules in ven-

oms extracts of several animals such as, 

snakes, scorpions, spiders, bees, and frogs 

stimulated new pharmacological anticancer 

agents (Abdel-Aziz et al, 2017). The ven-

oms consisted of mixtures of proteins, non-

proteins, peptides, enzymes and toxins in-

tended to target vital biological and physio-

logical actions (Gomes et al, 2010). Bioac 

tivity and biodiversity of venoms compone- 

nts were characterized among highest specif-

ic anticancer agents safe to normal cells and 

tissues (Omran, 2003). Snake and scorpion 

venoms proved effective anti-cancer therapy 

(Chaisakul et al, 2016). Snake venom, mixt-

ure of bioactive peptides, proteins, enzymes 

and toxins include cytotoxins, cardiotoxins 

& neurotoxins, exhibited cytotoxic activities 

(Aart and Khusro, 2013). Venom targets cel-

lular metabolism alterations rendering it pot- 

ential anticancer & anti-oxidant to block so-

me specific ion channels, inhibited angioge- 

nesis, obliterated metastasis, & activated in-

tracellular pathways causing apoptosis (Ebr-

ahim et al, 2015). Snake venom antitumor 

activity: phospholipase-A₂ from Bothrops 

jaracaussu, nigexine from Naja nigricollis, 

L-amino acid oxidase from Vipera berus, 

contortrostatin from Agkistrodon contortrix 

and viperistatin from Vipera xanthina (Bon-

fim et al, 2009). Consequences of scorpion 

stings on affected victims, including man, 

were known from ancient times, peptides 

employed action basis on affecting specific 
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ion channels function (Na⁺, K⁺, Ca⁺⁺ & Cl¯) 

active alteration of abnormal expression bin-

ding cancer process included cell adhesion, 

invasive proliferation, migration and apopto-

sis (Ortiz and Possani, 2018). In vitro & in 

vivo studies proved anticancer potential bio-

active components of scorpion venom: beng- 

alin from Heterometrus bengalensis, marga-

toxin from Centruroides margaritatus, neop- 

ladine 1 & 2 from Tityus discrepans and chl-

orotoxin & charybdotoxin from Leiurus qui-

nquestriatus (Ding et al, 2014). HER-2, Es-

trogen receptor, Caspase-3, and Survivin are 

proteins with a pivotal role in metastasis and 

apoptosis. Human epidermal growth factor 

receptor-2 (HER2) is a member of HER re-

ceptors family with a tyrosine kinase activi-

ty. HER2 has marked role in growth, surviv-

al, differentiation & proliferation of cells by 

many signal transduction pathways (Iqbal, 

2014). Estrogen receptors are proteins actva- 

ted by estrogen hormone, proteins control 

gene expression & cells proliferation (Gro- 

os and Yee, 2002). Capasase-3, a thiol prote- 

ase of aspartate cysteine protease family is 

one of executioner caspases, & a key media-

tor of apoptotic pathways (Devarajan et al, 

2002; Donovan et al, 2003). Survivin, si-

lenced in normal tissue but, overexpressed in 

malignant tissues consists of an inhibitor of 

apoptosis proteins with  overexpression most 

cancer cells contributed to resistance to apo-

ptotic stimuli and chemotherapies, thus con-

tributed to on-going survival. It inhibits apo-

ptosis promoting cell division, and enhance. 

Cross-correlation between genes was a sig-

nificant determined drug-induced anti-proli-

ferative, anti-antigenic, anti-metastatic, and 

apoptotic activities (Lv et al, 2010). 

   This study aimed to evaluate the antica-

ncer potential of animal venoms of Leiurus 

quinquestriatus and Montivipera xanthina 

compared to synthetic hormonal anticancer 

drug (Tamoxifen
®
) on MCF-7 cells (human 

breast adenocarcinoma cell line). 
 

Materials and Methods 

   Cell culture and MTT staining, penicillin-

streptomycin, 25% trypsin-EDTA, and pro-

pidium iodide DNA staining were purchased 

(Sigma Chemicals Co, USA). Cell culture 

grade dimethyl-sulfoxide (DMSO), medium 

RPMI1640, human breast cancer (MCF-7) 

cell line was kindly supplied from R & D 

Sector, The International Center for Advanc- 

ed Research. Venoms of M. xanthina and L. 

quinquestriatus and Tamoxifen
®
 drug were 

purchased (VACSERA, Egypt). Annexin V-

FITC was from Bio-Vision Research Prod-

ucts, USA & iScript
TM

 One-Step Real Time-

PCR Kit with SYBR
®
 Green was from Bio-

Rad Laboratories, USA. Venoms were pre-

pared by diluting 1mg of each in 1mL phos-

phate buffer saline (PBS). Drug was pre-

pared by dissolving 10mg of Tamoxifen tab-

let in 5mL DMSO solution. All materials 

were serially diluted in RPMI-1641 media to 

need concentrations (Gajski et al, 2014). 

   Maintenance of cell line and culture condi-

tions: MCF-7 (Human breast adenocarcino-

ma cell line) was provided by VACSERA. 

Cells were cultured in RPMI medium in the 

T-75 flasks (Griener, Germany) supplement-

ed with 10% fetal bovine serum. Cultures 

were kept at 37
o
C, & 95% humidity with 5% 

CO2. Monolayer cells were trypsinized once 

reached 80% confluency (Masters, 2000).  

   Cell counting: Accurate cell number in su-

spension was calculated using haemocytom-

eter (Soliman et al, 2013). Double fold dilu-

tion of the original cell suspension was pre-

pared by adding 0.5mL of undiluted cell to 

0.5mL of 0.4% trypan blue dye, mixed well 

and immediately aspirated onto haemocy-

tometer counting chambers. 

   Cytotoxicity using MTT reagent assay: 

Cells were put in the 96-well tissue culture 

plate with 100µL of RPMI medium. 200µL 

of the materials and diluted serially twice. 

Plates were then incubated with each venom 

concentrations for 24hr at 37ºC. For MTT 

assay, the 96-well plate was washed by PBS 

& 50µL MTT, added into each well, incu-

bated for 3hr at 37ºC. 50µL of isopropanol 

was added and then incubated for 5min at 

37ºC. Plates were read by ELISA reader at 

wavelength 570nm and absorbance correlat-
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led with cell number (Houghton et al, 2007). 

Cytotoxic effects of venoms on the MCF-7 

cell lines were expressed as IC50 value (drug 

reduced absorbance of treated cells by 50%). 

Inhibitory IC50 of compounds was assessed 

by Masterplex software (2010).  

   Inverted phase contrast microscopy: Mor-

phological changes of treated MCF-7 cells 

with each venom and tamoxifen were exam-

ined 24hr post treatment (Soliman et al, 

2013).  

   Cell cycle analysis using propidium iodide 

DNA staining by flow cytometry (Riccardi 

and Nicoletti, 2006): Cells were harvested in 

an appropriate manner, washed with PBS, 

and fixed in cold 70% ethanol and vortex-

ing, pellet was added drop wise. Cells were 

fixed for 30min at 4
o
C and minimized clum-

ping. After fixation, cells were washed in 

PBS & spun at 850g.  Supernatant was dis-

carded and cells were treated with ribonu-

clease I (100mg/ml stock solution). 50μl of 

100μg/ml sock of RNase were added to en-

sure DNA was stained. Propidium iodide 

(200μl) was added (50μg/ml stock solution).  

   Apoptotic detection using Annexin V-

FITC assay by flow Cytometry: 1-5x10
5
 

cells were collected by centrifugation, sus-

pended in 500μl of 1X binding buffer. 5μl of 

Annexin V-FITC and 5μl of propidium io-

dide (PI 50mg/ml) were added. Cells were 

left at room temperature for 5min in dark. 

Annexin V-FITC binding was analyzed by 

flow cytometry (Ex =488 nm; Em= 530 nm) 

using FITC signal detector and PI staining 

by phycoerythrin emission signal detector.  

For cells adherent, they were gently tryp-

sinized and washed once with serum-con-

taining media before incubation with Annex-

in V-FITC.  

   Gene expression analysis after treatment 

with venoms and tamoxifen: Expression of 

regulatory and apoptotic genes (Her2, ER, 

Casp-3, & Survivin) were examined by real- 

time PCR in MCF-7 cell lines. Primer se-

quences of oligonucleotides were used (Tab. 

1). Total RNA was extracted from treated 

and untreated MCF-7 cells 24hr post treat-

ment using iScript
TM

 One-Step real-time 

PCR Kit with SYBR
®
 Green (Bio-Rad La-

boratories, USA) by real-time quantitative-

PCR of RNA templates. cDNA synthesis 

and PCR amplification were done simulta-

neously. Melting curve of PCR products was 

performed by StepOneTM Real Time Sys-

tems software V.2.2.2. 

   The relative quantification for the genes 

(HER2, ER, Casp-3, & Survivin) was calcu-

lated using equation: FLD= e^–[(TE-HE)-

TC-HC] =e^-∆∆CT 
Table 1:  Primer sequences for genes (Quality Endorsed Company)  

 
  Histologically: Detached and adhered cells 

were collected post treatment using trypsin. 

Pelleted cells were re-suspended in PBS and 

a part (50μL) was dispensed on glass slide, 

dried and fixed using methanol. Fixed slides 

were rehydrated in descending ethanol and 

washed in distilled water for 5 min. Slides 

were immersed in filtered hematoxylin stain 

for 3 min, rinsed in distilled water twice, 

immersed in filtered eosin stain for 5 sec, 

and washed with distilled water. Clean slides 

were immersed in xylene, mounted in Cana-

da balsam, covered cover-slips and left to 

dry. 

   Statistical analysis: Data were processed 

(Snedecor and Cochran, 1982); where min-

imum, maximum, mean value, standard de-

viation, standard error, and range were pre-

sented. For significance t. test was used for 

difference between two means, 
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Results 
  

Table1: Inhibitory effect of M. xanthina, L. quinquestriatus venoms and Tamoxifen on MCF-7 cell line by MTT assay. 

 

IC50 

Xanthina/MCF-7 Tamoxifen/MCF-7 Leiurus/MCF-7 

34.40 27.80 2.50 

   Cytotoxicity of M. xanthine, L. quinque-

striatus venoms and Tamoxifen were 2.5µg 

/mL, 27.8µg/mL & 34.4µg/mL respectively 

on MCF-7 cell line using MTT assay (Fig. 

1). 

 

Table 2: Determination of cell cycle phases of MCF-7 cell line treated with animal venoms and Tamoxifen using Propidium 

iodide DNA staining by Flow Cytometry. 

 Sample (Conc. ug/ml) Phases of cell cycle 

 Sample code %G0-G1 %S %G2-M %Pre-G1 Comment 

1 Tamox/MCF-7 43.11 20.97 2.87 33.05 PreG1apoptosis&Cell growth arrest@G1/S 

2 Leiu /MCF-7 62.29 17.23 1.28 19.20 PreG1apoptosis&Cell growth arrest@G1/S 

3 Xan /MCF-7 59.41 23.16 1.79 15.69 PreG1apoptosis&Cell growth arrest@G1/S 

4 Cont.MCF-7 72.33 15.31 9.41 2.95  
   

    Morphology showed cell rounded, cond- 

ensed with cellular rupture and significant 

reduced treated cells number compared to 

control (p ≥0.05). Treated MCF-7 cells with 

venoms & tamoxifen were significant time-

dependent increased cells in G0/ G1 popula-

tion, followed by cells arrest in G1/S after 

24hr. no apoptosis in control (Fig. 3-4).  
 
 

Table3: Death of treated MCF-7 cells with animal venoms and tamoxifen drug in total, early & late apoptosis and necrosis. 

Variants Apoptosis total Apoptosis early Apoptosis late Necrosis 

Tamo/MCF-7 33.05 9.66 20.14 3.25 

Leiu /MCF-7   19.20 6.41 8.16 4.63 

Xan /MCF-7     15.69 5.46 7.88 2.35 

Cont.MCF-7 2.95 1.38 0.52 1.05 

   Venoms and Tamoxifen induced apoptosis 

on MCF-7 cell line, in total, early, & late 

apoptosis and necrosis by venoms and ta-

moxifen compared to control (Fig. 5). 
Table4: Gene expression levels of HER2, ER, Survivin and Casp3 in treated and untreated MCF-7 cell line. 

 

    
   Gene expression levels of pro-apoptotic 

genes as Caspase3 and anti-apoptotic genes 

as HER2, ER & Survivin were examined in 

MCF-7 cell line post treatment with IC50 of 

venoms and tamoxifen compared to control. 

Venoms and tamoxifen induced the up regu-

lation of pro-apoptotic gene Caspase3 and 

down regulation of anti-apoptotic genes 

(HER2, ER & Survivin) on breast cancer 

MCF-7 cell lines (Fig. 6). 

  Histologically treated MCF-7 cell line with 

venoms & tamoxifen compared to untreated 

one were detected. Control showed regular 

tumour of cellular and nuclear pleomor-

phisms. Cells were regular, hyperchromatic 

and condensed nuclei. Cellular outline regu-

lar without any folding in cellular memb- 

rane. Some cells showed cellular and nuclear 

pleomorphism (Fig. 7). Treated MCF-7 cells 

with tamoxifen showed late apoptosis of 

multiple bodies and remnants of necrotic 

cells (Fig. 8). MCF-7 cells treated with Lei-

urus venom were shrunken with irregular 

nuclear & cell membranes, membrane bleb-

bing, peripheral condensation of chromatin 

and nucleolar segregation. Swollen necrotic 

cells with irregular membrane, necrotic cell 

debris and apoptotic bodies (Fig. 9). MCF-7 

cells treated with Montivipera venom show-

ed apoptosis as shrunken cells, nuclei irregu-

lar, cellular & nuclear membranes, peripher-

al condensation of chromatin and nucleolar 

segregation (Fig. 10). 

Discussion 

   Chaubey (2017) reported a significant ad-

vancement in cancer therapy possibility to 

Ser Sample code HER2 ER Survivin Casp3 

1 Tamoxifen/MCF7 0.064824 0.545211 0.648558 8.392726 

2 Leiurus /MCF7 0.077763 0.476295 0.520668 6.612089 

3 Xanthina/MCF7 0.080746 0.404457 0.450689 4.771106 

4 cont.MCF7 1 1 1 1 
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synthesize peptides and proteins specific for 

oncoproteins. Chaisakul et al. (2016) found 

that the anticancer effects of venoms of ani-

mal species including snakes and scorpions 

and their biochemical derivatives proved to 

be potential therapeutic tools. Cytotoxicity 

of snake families and their potential induced 

anticancer activities in sarcoma, leukemia 

and carcinoma models. Venom from Viper- 

dae family acts directly affected breast can-

cer cells (Gomes et al, 2010). Yalcin et al. 

(2014) reported that M. xanthina venom was 

used for different cancer cells types as anti-

cancer agents. Ahluwalia and Shah (2014) 

found that by increasing concentration of 

snake venom, cytotoxicity increased and af-

fected proliferation of breast cancer cells. 

Inhibitory concentration of Viperidae snake 

venoms of M. xanthina, Crotalus oreganus 

cerberus and Bothrops alternatus toward 

MCF-7 cells after 24hr incubation was at 

4.2, 17.5 & 63.5µg/mL respectively (Yalcin 

et al, 2014; Bradshaw et al, 2016). IC50 for 

Russell’s viper venom was 35.5µg/mL on 

leukemic cancer cells after 48hr post treat-

ment (Gomes et al, 2015).    

   In the present study, MCF-7 cells treated 

with Montivipera venom for 24hr, IC50 value 

was 34.4µg/mL. This agreed with Gomes et 

al. (2015) but disagreed with Yalcin et al. 

(2014) and Bradshaw et al. (2016). This 

might be due to difference in animal species 

and/or habits as venom source. Lethality of 

Leiurus venom (17mg) injected into normal 

man caused less than 50% survival chance, 

and reduced cell survival chance at higher 

concentrations and destruction of other cells 

by different mechanisms. Abdel-Aziz et al. 

(2017) reported that IC50 of Leiurus venom 

was 2.5µg/mL on MCF-7 cell line after 48hr 

incubation. In the present study, the IC50 of 

Leiurus on MCF-7 cell line after 24hr incu-

bation was 2.50µg/mL. But, MCF-7 cell line 

exposed to tamoxifen for 72hr, IC50 was 

23.9µg/mL (Lord and Ashworth, 2010). In 

the present study, IC50 of MCF-7 treated 

with tamoxifen was 27.8µg/ mL. Difference 

in both results was quite similar with slight 

variation due to artefacts and minor data 

anomalies. Scorpion venom has higher tox-

ins than snake one (Omran, 2003). Venom 

of Leiurus was more toxic and potent than 

that of Montivipera and tamoxifen. Snake 

venoms reduced cell proliferation and in-

duced morphological alterations related apo-

ptosis: detachment of cells, rounding, chro-

matin condensation, cytoplasmic blebs and 

irregularly shaped (Ebrahim et al, 2014). 

Montivipera venom by inverted microscopy 

showed changes in MCF-7 cell line (Yalcin 

et al, 2014). Calderon et al. (2014) found 

that lectins isolated from Vipera venom af-

fected proliferation of human cancer cell 

lines and alter cell adhesion inducing apop-

tosis. Also, scorpion venom inhibited growth 

and proliferation in cancer cell types (Aarti 

and Khusro, 2013). Leiurus venom caused 

morphological changes, exhibited apoptotic 

cells as, condensation and compartmentali-

zation of nuclear and cytoplasmic materials 

(Omran, 2003). Chaisakul et al. (2016) iso-

lated Chlorotoxin (CITx) from L. quinqu- 

estriatus venom conjugated with its synthet-

ic compound (TM601) inhibited cancer de-

velopment by attenuating Cl¯ conductance 

& angiogenesis and CTLx prevented aggres-

sive metastatic breast cancer cells. Treat-

ment of breast cancer with tamoxifen gave 

effective palliation but without eradication 

of cancer cells. It caused cytostasis in MCF-

7 cells by proliferation of cell line and mor-

phologically tamoxifen analogue toremifene 

induced apoptosis (60%) of MCF-7 cells 

(Wilson et al, 1995). Venoms and tamoxifen 

on MCF-7 cell line gave significant inhibito-

ry effects, cellular proliferation and morpho-

logical changes related to cell death as con-

densed in size and a small round cell shape 

after 24hr incubation significantly reduced 

cell number. Reduction of cell proliferation 

might be due to lectins in venom of snake or 

CTLx or scorpion. Chaisakul et al. (2017) 

showed that cytotoxins of snake venom ef-

fected cancer cell proliferation, migration, 

invasion, neovascularization and apoptosis 

by arresting cell cycle in Pre-G1 population. 
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Russell’s viper venom arrested cell cycle in 

G1/S phase on leukemic U937 cancer cells 

24hr post treatment (Gomes et al, 2015). 

Salmosin disintegrins from Korean snake in-

hibited angiogenesis without toxicity to nor- 

mal blood vessels and induced cell cycle arr- 

est led to apoptosis (Chaisakul et al, 2016). 

Obtustatin disintegrins from Vipera lebetina 

obtuse inhibited angiogenesis reduced tum-

our development and hindered growth (Ra-

hman and Choudhary, 2016). Gomes et al. 

(2010)  found that charybdotoxin (CTX) of 

L. quinquestriatus venom caused a slight de-

polarization in breast cancer cells, arrested 

cell cycle at early G1, late G1, & S phases 

and gathered cells in S phase by blocking 

Ca²⁺activated K⁺ channel. Blockage of spe-

cific ion channels impaired cancer growth & 

metastasis and activated intracellular path-

ways to cell cycle arrest & apoptosis (Chau-

bey, 2017). Tamoxifen inhibited prolifera-

tion of MCF-7 cells and reduced in S phase, 

accumulation in G1 early phase, concomi-

tant depletion of G2/M phase by hindering 

cell cycle in early G1 phase (Osborne et al, 

1983). In the present study, both venoms and 

tamoxifen induced G1/S cell cycle arrest on 

MCF-7 cells after 24hr incubation. Anti-pro-

liferative activity inhibited cell growth in G1 

/S causing apoptosis during Pre-G1 by targe-

ting cancer cell proliferation, migration, inv-

asion, neovascularization and apoptotic acti-

vity (Chaisakul et al, 2016). Cytotoxicity of 

snake v-nom targets cellular metabolism al-

terations and affected cancer cells; blocked 

some specific ion channels, inhibiting angio- 

genesis & activating intracellular pathways 

causing apoptosis (Ebrahim et al, 2015). 

They potentially induced apoptosis by form-

ing apoptotic body, increasing in subG1 po-

pulation, fragmenting cells DNA and cleav-

ing poly (ADP-ribose) polymerase (PARP) 

(Gomes et al, 2010). Activity of Na⁺, K⁺, 
Ca⁺⁺ & Cl¯ ion channels altered abnormal 

expression binding to cancer processes invo-

lving cell volume and motility and cell pro-

liferation with final death (Ding et al, 2014). 

Rahman and Choudhary (2016) reported that   

Viperistatin from Vipera xanthina venom 

was characterized as KTS motif in the integ-

rin active binding site loop to block α1β1 in-

tegrin. Anti-angiogenic cyclic KTS peptides 

blocked binding of α1β1 & α2β1 integrins. 

Obtustatin from V. lebetina obtuse venom, 

activated inhibiting proliferation, & altera-

tion in cell adhesion by apoptosis induction 

(Calderon et al, 2014). Chaisakul et al. 

(2016) reported that active components of 

snake venom as PLA2 and lectin from Both-

rops jararacussu potential affected cancer.  

PLA2 induced apoptosis in cancers: breast 

adenocarcinoma, leukemia T and Erlich as-

cetic tumour cell line. Omran (2003) report-

ed that apoptosis included a cascade of cyto-

plasmic and nuclear events causing a series 

of morphological changes and eventually 

cell demise by various stimuli. Nevertheless, 

necrosis caused cell lysis and extensive 

damage surrounding tissues physically and/ 

or oxygen starvation. Rapid cytotoxicity ef-

fects of leiurus venom occurred within 30 

min. causing lysis of plasmalemma and or-

ganelle membranes that led to rapid death of 

a great cell population. Effects of cell death 

in T47D (breast cancer cell line) treated with 

Leiurus venom showed significant cell death 

in different concentrations (Omran, 2003). 

So, when chlorotoxin bind with Cl¯ channel 

in membrane protein, chlorotoxin interacted 

and killed the cancer cells by ion modula-

tion. Also, chlorotoxin bind with MMP-2 ca-

used reduction of expression of MMP-2 and 

regression induction of aggressive metastatic 

breast cancer cells (King, 2011). But, tamox-

ifen and its analogues induced death of hu-

man breast cancer cells in both in vivo and in 

vitro studies. Tamoxifen and its metabolite 

4-hydroxy caused morphological changes by 

cleavage of DNA inducing apoptosis on 

MCF-7 cells (Wilson et al, 1995). In the 

present study, MCF-7 cell line treated with 

venoms and tamoxifen showed cell death by 

using annexin V-FITC after 24 hr treatment. 

Apoptosis of treated MCF-7 with tested ma-

terials detected in total, early, and late apop-

tosis and necrosis as well. This agreed with 
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Shirazi et al. (2014) who found that MCF-7 

cell lines treated with Cobra venom gave 

early and late apoptosis and necrosis. This 

agreed with Omran (2003) who found that 

Leiurus venom caused an early significant 

apoptosis rather than necrosis on cancer 

cells. Apoptosis mediated by toxicity caused 

cell damage such as swelling, rupture, and 

necrosis. Tamoxifen treated MCF-7 cell line 

did not develop apoptosis under same condi-

tions (Wilson et al, 1995), but induced apop-

tosis on MCF-7 cells. Venoms altered gene 

expression and increased expression of pro-

apoptotic proteins (Chaisakul et al, 2016). 

Snake toxins increased expression of pro-

apoptotic proteins and induced apoptosis via 

ROS-in-dependent mitochondrial dysfunc-

tion pathway and caspase-dependant mecha-

nism of Bax/Bcl-2 ratio (Ebrahim et al, 

2015). Snake cytotoxins mediated apoptosis 

via cleaving poly (ADP-ribose) polymerase 

(PARP) (Gomes et al, 2010). LAAOs stimu-

lated apoptotic activity by oxidative reaction 

mediated with released H₂O₂ led to trigger 

apoptosis (Gomes et al, 2010). Chaisakul et 

al. (2016) isolated LAAO from king cobra 

venom exhibited a specific anticancer activi-

ty on human breast adenocarcinoma cell line 

by extrinsic and intrinsic pathways enhanced 

of activities of caspase-8 & caspase-9 in-

duced cell apoptosis. Induction of cell-cycle 

arrest in breast cancer cell lines was done by 

caspase-dependent apoptosis by snake ven-

oms. The expression of active Caspase-3 

was increased in MDA-MB-231 and MCF-7 

breast cancer cells treated with snake venom 

(Al-Sadoon et al, 2018). Scorpion venom 

induced anti-proliferative effect by arresting 

S-phase and apoptosis through Capase-3 ac-

tivity, nitric oxide production, DNA frag-

mentation & depolarization of mitochondrial 

membrane (Ahluwalia and Shah, 2014). 

Chaisakul et al. (2016) found that bengalin 

from Heterometrus bengalensis venom acted 

on leukemic cells by activating Caspase-3, 

Caspase-9 and cleavage of induced poly 

(ADP-ribose) polymerase (PARP) reduced 

cell proliferation causing apoptosis. Activat- 

ion of Caspase-3, Caspase-7, Caspase-8, and 

Caspase-9 occurred after breast cancer cells 

tamoxifen treatment (Moriai et al, 2008). 

Tamoxifen induced potential activity of Cas-

pase-3 in ER-negative breast cancer cell me-

diated by cleavage of fluorogenic tetra pep-

tide substrate and poly (ADP-ribose) poly-

merase (Mandlekar et al, 2000).    

   In the present study, gene expression lev-

els of pro-apoptotic genes such as Caspase3 

on MCF-7 cell line post treatment with IC50 

of venoms and tamoxifen occurred in treated 

MCF-7 with tested materials. The present 

study reported the up-regulation of Capsase-

3 gene in breast cancer cell lines treated with 

venoms and tamoxifen. Snake venom inhib-

ited migration of HER2 positive breast can-

cer cells by interrupting signal from epider-

mal growth factor receptors, applied strong-

er cytotoxic effects than therapies targeting 

receptors only (Karem et al, 2017). Ma et al. 

(2017) found that ADAM proteins and ma-

trix meta-lloproteinases from scorpion ven-

om activated HER2 receptor targeted for 

breast cancer cells. Proteolytic enzymes: Ja-

rarhagin & Jararhagin C from Bothrops ja-

raraca act by cleavage of growth factors and 

corresponding receptor (HER2) causing deg-

radation of extracellular matrix & inherita- 

nce of growth signalling. Overexpression of 

HER2 was associated in tamoxifen resist- 

ance in human breast cancer cells due to 

sensitivity (Shou et al, 2004).  There existed 

ER-α36-EGFR/HER2 positive regulatory lo-

ops in HER2-expressing breast cancer cells 

and disruption of these regulatory loops re-

stored tamoxifen sensitivity in these cells. 

(Yin et al, 2015). The present study showed 

expression level of anti-apoptotic gene of 

HER2 in MCF-7 cell line post treatment 

with IC50 of venoms and tamoxifen. Down-

regulation of HER2 gene was detected post 

treatment. The present results and others 

proved down-regulation of HER2 gene in 

breast cancer cell lines treated with venoms. 

But, not in tamoxifen treated MCF-7 cell 

line that might be attributed to difference 

between HER2 expression level and its’ ac-
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tion. Purified snake venoms showed cyto-

toxic activity against MCF-7 (ER+) & 

MDA-MB-231(ER-) cells in a dose depend-

ent  manner (Attarde and Pandit, 2017). 

Erdes et al. (2014) found that L. abdullah 

bayrami venom has an anti-proliferative ef-

fect on MCF-7 (ER+) breast cancer cell and 

L. quinquestriatus venom has anticancer ef-

fect on MCF-7 cell line (Abdel-Aziz et al, 

2017), venom exhibited broad range of anti-

cancer activity on MDA‑MB‑231 (ER-) cell 

line (Al-Asmari et al, 2015). Tamoxifen had 

influence on cytoskeleton of two ER posi-

tive cell lines as the standard therapy with 

ER+ breast cancer. But, many patients de-

veloped resistance to tamoxifen and reflect-

ed to both ER+ & ER− cell lines (Rondon-

Lagos et al, 2016). Down-regulation of anti-

apoptotic gene ER was post treatment. The 

present study and others reported down-

regulation of ER gene in breast cancer cell 

lines treated with venoms and tamoxifen but 

with higher probability of resistance to ta-

moxifen. One of the prominent genes in P53 

pathway is Survivin (BIRC5). Clinically, 

EME1, RAD51, EXO1, BLM expressions 

correlated with BIRC5 (coding for Survivin) 

and of prognostic value. Actively, Survivin 

depletion triggers P53 activation & sensiti- 

zed cancer cells to of PARP inhibition (Vé-

quaud et al, 2016). Inhibition of Stat3 decr- 

eased expression of Survivin in breast canc- 

er cells. Scorpion venom decreased Stat3 on 

breast cancer lines, thereby decreasing exp-

ression of anti-apoptotic gene (Gritsko et al, 

2006; Al-Asmari et al, 2018). But, tamoxif- 

en induced apoptosis was blocked by Caspa-

ses present in breast cancer cells. Up-regu-

lation of anti-apoptotic Survivin gene induc- 

ed inhibition of Caspase-3 & Caspase-7. 

Down-regulation of Survivin stimulated ta-

moxifen induced apoptosis by introducing 

siRNA targeting Survivin gene in MCF-7 

cells. siRNA targeted-Survivin transfection 

did not induce apoptosis without tamoxifen 

treatment but augmented by induced apopto-

sis. Survivin acts as a factor conferred re-

sistance against tamoxifen-enhanced apopto-

sis (Moriai et al, 2009). This study showed 

the gene expression level of anti-apoptotic 

gene of Survivin in MCF-7 cell line post 

treatment with IC50 of venoms and tamoxi-

fen. Down-regulation of anti-apoptotic gene 

Survivin occurred post treatment. Expres-

sion of anti-apoptotic Survivin gene reduced 

breast cancer cell line by induction of P53 

pathway and/or inhibition of Stat3 signalling 

protein mediated by venoms. But, tamoxifen 

negatively regulated between Survivn gene 

and wild type Caspase-3 gene. Lipps (1998) 

reported that certain fractions isolated from 

snake venoms gave direct cytolytic activity 

on tumor cells. Snake cytotoxins induced 

apoptosis by forming apoptotic bodies and 

fragmented DNA cells (Gomes et al, 2010).    

    Venom post treatment was tissue necrosis, 

displayed potent cytotoxic effect and apop-

totic effect on human leukemic cells (Ahlu-

walia and Shah, 2014). Elapid venom cytot-

oxins caused membrane damage and necro-

sis by mediating direct action with phospho-

lipids membranes to form pores (Chaisakul 

et al, 2016). Omran et al. (2003) found mor-

phologic dyed cells of scorpion venom were 

fragmented, condensed with shrinkage and 

vacuoles between adherent cells. By nuclear 

DNA fragmentation, venom caused apopto-

sis of tumour cells. Odonotobuthus doriae 

venom not only caused apoptosis but also in-

hibited DNA synthesis in MCF-7 breast can-

cer cell line (Ahluwalia and Shah, 2014). 

Tamoxifen caused chromatin condensation, 

nuclear fragmentation & apoptosis (Mandle-

kar et al, 2000).         

Conclusion 

   MCF-7 cells treated with venoms and ta-

moxifen histologically showed apoptosis as 

shrunken cell, shrunken nuclei, irregular cel-

lular nuclear membranes, apoptotic bodies, 

peripheral ch-romatin condensation, nucleoli 

segregation and signs of necrosis. Snake 

(Montivipera xanthina) and scorpion (Lei-

urus quinquestriatus) venoms have anti-

cancer action on human breast cancer com-

pared with tamoxifen
®
. Anti-cancer was pro-

ved by venoms cytoxicity, cell cycle cytox-
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icity, cell cycle arrest and up- and down-

regulations of pro & anti-apoptotic genes. 
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Explanation of Figures 
 

Fig. 1: IC50 for M. xanthina & L. quinquestriatus, venoms and Tamoxifen on MCF-7 cell line. (A) Venoms and Tamoxifen on MCF-7 cell 
line. (B)  Leiurus venom on MCF-7 cell line. (C) IC50 of Montivipera venom on MCF-7 cell line. (D) Tamoxifen on MCF-7 cell line. 

Fig. 2: Effects of venoms and tamoxifen on morphological alterations of MCF-7 showed induce anti-proliferative effects on treated MCF-
7cell line compared to untreated one. (A) Untreated control MCF-7 cells, (B) Treated MCF-7 with 27.8ug/mL Tamoxifen, (C)Treated MCF-7 

with 34.4 ug/mL Montivipera venom, (D) Treated  MCF-7 with 2.5 ug/mL Leiurus venom.   

Fig. 3-4: MCF-7 Cell cycle treated with Montivipera and Leiurus venoms and tamoxifen.  
Fig. 5: Apoptosis phases and necrosis of venoms and Tamoxifen on MCF-7 cell line. Apoptosis in total, early, and late and necrosis by 

Montivipera and Leiurus venoms and tamoxifen compared with control MCF-7 cells. 

Fig. 6: Expression level of Pro and anti-apoptotic genes by R-T PCR in breast cancer cell linesMCF-7 treated with venoms and tamoxifen.  
Fig. 7: Control cells showed regular tumor cells (Red arrow), Cellular and nuclear pleomorphisms (Green arrow).  

Fig. 8: (A) Treated MCF-7 with tamoxifen showed apoptotic bodies (yellow arrows) and remnants of necrotic cells (black arrows). (B) Ta-

moxifen induced a number of apoptotic bodies (yellow arrows) and colonies of necrotic cells (Red arrow).  
Fig. 9: (A) MCF-7 treated with Leiurus venom showed shrunken cells with irregular nuclear and cell membranes (Red arrow), membrane 

blebbing (Green arrow), peripheral condensation of chromatin (Yellow arrow) and nucleolar segregation (Black arrow). (B) Treated cells 

with Leiurus detected swollen necrotic cells (Green arrows) with irregular cell membrane, necrotic cell debris (yellow arrows) and apoptotic 
bodies (Red arrows).  (C) Treated cells showed shrunken with irregular nuclear and cell membranes (Red arrow), membrane blebbing (Green 

arrow), peripheral condensation of chromatin (Yellow arrow) and nucleolar segregation (Black arrow). (D) Montivipera venom on MCF-7 

induced small cells with irregular membranes (Red arrows), membrane blebbing (Black arrow) and apoptotic bodies (Green arrows). (E) 
Leiurus venom with MCF-7 cell lines showed small cells with irregular nuclear and cell membranes (Yellow arrow), apoptotic bodies (Red 

arrow), and necrotic swollen cell mixed with euchromatin and heterochromatin (Black arrow).  

Fig. 10: (A) MCF-7 cells treated with Leiurus venom showed shrunken apoptotic cells (red arrows). (B) MCF-7 cells with Montivipera ven-
om showed small shrunken apoptotic cells with irregular cellular and nuclear membranes (Yellow arrows), peripheral condensation of chro-

matin (red arrows) as well as nucleolar segregation. (c) Montivipera venom on MCF-7 cell lines; shrunken apoptotic cells with irregular 

cellular, nuclear membranes (red arrows) and membrane blebbing (Yellow arrow) and apoptotic bodies (black arrow).  
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