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Abstract: Cancer is the leading cause of morbidity and mortality all over the world in spite 

of the advances made in its management. In this study, we investigated the in vivo anti-

tumorigenic potential of the venom obtained from a medically important scorpion species 

Leiurus quinquestriatus on chemically induced skin cancer in mice. Animals were divided 

into five groups, with 13 animals in each group. All the treatments were given topically on 

the shaved dorsal surface of the skin. Animals in Group 1 received vehicle only (0.2 mL 

acetone). Moreover, 7,12-dimethylbenz[a]anthracene (DMBA, 400 nmol per mouse) was 

applied to all the animals in the remaining four groups. After 1 week, different concentra-

tions of venom (17.5 μg, 35 μg, and 52.5 μg per animal) were applied to each animal in the 

Groups III–V. Thirty minutes after the application of venom, croton oil was applied on the 

same position where venom was administered to the animals of Groups III–V. Animals in 

Group II were treated as the positive control (without venom) and received croton oil as in 

Groups III–V. The findings of this study revealed that venom extract of L. quinquestriatus 

inhibits DMBA + croton oil-induced mouse skin tumor incidence and tumor multiplicity. 

Venom treatment also decreased the expression of proinflammatory cytokines. Immuno-

histochemistry results showed a downregulation of the expression of molecular markers 

such as Ki-67, nuclear factor kappa-B, cyclooxygenase-2, B-cell lymphoma-2, and vascular 

endothelial growth factor, in venom-treated animals. Our findings suggest that the venom 

of L. quinquestriatus possesses in vivo anticancer potential and may be used in the develop-

ment of anticancer molecules.
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Introduction
Cancer is a leading cause of death worldwide, and according to a recent global survey, 

14.1 million new cancer cases and 8.2 million deaths due to cancer were recorded 

in 2012.1 Radiation therapy, chemotherapy, immunotherapy, surgery, and hormonal 

therapy are the available options for the treatment of cancer patients.2,3 However, these 

measures are inadequate for the management of cancer due to severe adverse effects 

and many other issues associated with therapy.

A number of efforts have been made for the development of an alternative and 

effective therapeutic approach for cancer management. Various studies show that 

attention is being given to naturally derived products for the development of novel 

and effective chemotherapeutic drugs.4,5 The therapeutic importance of biological 

products in the mitigation of different chronic human diseases, including cancer, has 

been well documented.5,6
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Various findings clearly show that toxins derived from 

living organisms have strong anticancer potential.7–11 Natural 

toxins produced by living organisms are an evolutionary 

adaptation to sustain in the food chain. Such toxins play a 

vital role in defense/offence and in catching of prey. It is 

well established that in spite of their toxicity, toxins have 

important pharmacologically active moieties that can act as 

novel and effective therapeutics.

Scorpion is one of most primitive organisms known to 

exist on the earth for millions of years and is distributed all 

over the world, with 1,700 known species.12 Numerous 

scorpion species (25) have been identified in different 

regions of Saudi Arabia.13 Scorpion venom is a mixture of 

different types of biologically active components, such as 

peptides and proteins, mucopolysaccharides, phospholi-

pases, hyaluronidases, protease inhibitors, serotonin, hista-

mine, histamine-releasing peptides, nucleotides, inorganic 

salts, mucus, free amino acids, lipids, heterocyclic compo-

nents, many basic small proteins called neurotoxic peptides, 

and many other unknown components. Biochemical charac-

terization of scorpion venom has shown that it is composed 

of peptides and proteins of 60–70 amino acid residues, which  

are cross-linked by disulfide bridges.14,15 All the known spe-

cies of scorpions produce different type of venoms containing 

different toxic polypeptides with similar three-dimensional 

configuration.14,15

In spite of the negative impact of scorpions on the human 

population, these arthropods and their venom have been 

extensively used in the traditional medical systems and 

folk therapies of India, Africa, and China since thousands 

of years.16,17

Various findings have shown that the components of 

scorpion venom have strong antibacterial, antifungal, and 

antiviral potential.18–23 Furthermore, a number of preclinical 

(in vitro and in vivo) and clinical research findings have 

demonstrated that scorpion venom and its components pos-

sess remarkable anticancer potential against different types 

of cancers, including glioma, neuroblastoma, leukemia, 

lymphoma, as well as breast, lung, and prostate cancers, 

due to their apoptotic, antiproliferative action coupled with 

the induction of cell cycle arrest and inhibition of cancer 

progression.9,11,24 The venom of Leiurus quinquestriatus 

is a mixture of various components, such as enzymes, 

enzyme inhibitors, and the potent neurotoxins chlorotoxin, 

charybdotoxin, and so on. Chlorotoxin is known to inhibit 

cancer development. Available literature about the impor-

tance of venom in disease therapy motivated us to select 

L. quinquestriatus venom for study.

Considering these known facts, this study was designed 

to investigate the in vivo anticancer potential of the crude 

venom extracted from the scorpion L. quinquestriatus, 

collected from various regions of Saudi Arabia, against 

chemically induced two-stage skin cancer development in 

Swiss albino mice. To the best of the authors’ knowledge, 

this is the first study that demonstrates the in vivo anticancer 

potential of L. quinquestriatus scorpion venom against skin 

tumorigenesis in mice.

Materials and methods
chemicals and reagents
7,12-Dimethylbenz[a]anthracene (DMBA), croton oil, 

potassium dihydrogen phosphate, dipotassium hydrogen 

phosphate, sodium chloride, Tris (hydroxymethyl) amin-

omethane, and Tween 20 were purchased from Sigma-

Aldrich (St Louis, MO, USA). All other reagents used were 

of analytical grade.

scorpion and venom collection
L. quinquestriatus, one of the medically important scorpion 

species, was collected from various regions of Saudi Arabia. 

They were kept in plastic boxes and fed with mealworms and 

water ad libitum. Venom was milked by electrical stimulation 

using the 6012 Dual Pulse Stimulator (Harvard Apparatus, 

Holliston, MA, USA). The recovery of venom was achieved 

by mixing it with distilled water, followed by centrifugation at 

10,000 rpm for 10 minutes. The supernatant thus obtained was 

lyophilized and stored at -80°C until use. Concentrated venom 

stock was prepared in phosphatebuffered saline and sterilized 

by passing through a 0.22 μm membrane filter. Further dilu-

tions were made as required for the experiments.

animals
Male Swiss albino mice (20–25 g) were obtained from the 

animal house facility of Research Centre, Prince Sultan 

Military Medical City, Riyadh, Saudi Arabia. All the 

animals were housed in the animal care facility under room 

temperature at 22°C–25°C under a 12-hour light/12-hour 

dark cycle in standard cages and were given free access to 

standard laboratory diet and water ad libitum. This study 

was conducted in strict accordance with the guidelines and 

recommendations of the Guide for the Care and Use of 

Laboratory Animals published by the National Institutes of 

Health. The study was approved by the ethics committee on 

the Use of Experimental Animals of the Research Centre, 

Prince Sultan Military Medical City. Animals were monitored  

daily for any sign of toxicity, tumor bleeding, and mortality 
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throughout the experimental period. No signs of toxicity, 

tumor bleeding, and mortality were observed during the 

regular monitoring of the animals. Animals were euthanized 

by cervical dislocation under diethyl ether anesthesia for 

dissection and collection of skin tissue, and all efforts were 

made to minimize suffering.

Treatment regimen
The anticarcinogenic potential of the crude venom extract 

obtained from L. quinquestriatus was evaluated using the clas-

sic DMBA/12-O-tetradecanoylphorbol-13-acetate or croton 

oil-induced two-stage mouse skin carcinogenesis model.25,26 

Animals were divided into five groups of 13 animals each. 

The dorsal skin of each animal was shaved with an electric 

clipper 2 days prior to initiation of the experiment. All the 

treatments were given topically onto the shaved area on the 

dorsal surface of the body. Animals of Group I were given 

topical application of vehicle (0.2 mL acetone) only. Animals 

in Group II–Group V were given topical application of 

DMBA (400 nmol) dissolved in 0.2 mL acetone. One week 

after DMBA application, croton oil (1%) in 0.2 mL acetone 

was given twice a week for 16 consecutive weeks to the ani-

mals in Groups II–V. Venom extract of L. quinquestriatus at 

three different concentrations (17.5 μg, 35 μg, and 52.5 μg 

per mouse) in 0.2 mL acetone was applied to the animals of 

groups III–V, respectively, 30 minutes prior to each croton 

oil application (twice a week) until the termination of the 

experiment at 16 weeks.

Tissue collection and processing
Animals were euthanized by cervical dislocation under 

diethyl ether anesthesia for dissection and collection of 

skin tissue. A portion of the skin tissue was stored in 10% 

neutral-buffered formalin for histological analysis, and the 

remaining tissue was immediately stored at -80°C for the 

analysis of other parameters.

Measurement of tumor necrosis factor 
alpha and interleukins 1β and 6
The levels of tumor necrosis factor alpha (TNF-α), inter-

leukin (IL)-1β, and IL-6 were measured using enzyme-

linked immunosorbent assay kits (Abcam, Cambridge, UK; 

ab100747, ab100713, and ab100705, respectively). Skin 

tissues were homogenized in extraction buffer (100 mM Tris 

pH 7.4, 150 mM NaCl, 1% Triton X-100), and the homo-

genate was centrifuged at a speed of 14,000 rpm at 4°C for 

30 minutes to obtain the tissue lysate. Further processing 

was performed according to the manufacturer’s instruction. 

Results in picograms per milliliter were normalized to the 

tissue weights determined before homogenization and are 

presented as picograms per milligram tissue.

immunohistochemical detection of 
Ki-67, nuclear factor kappa-B p65, 
cyclooxygenase-2, B-cell lymphoma-2, 
and vascular endothelial growth factor 
expression
Skin sections (5 μm thickness) were mounted onto poly- 

l-lysine-coated glass slides. Sections were deparaffinized 

three times (5 minutes each) in xylene, followed by rehydra-

tion in graded ethanol, and finally in running tap water. For 

antigen retrieval, the sections were boiled in 10 mM citrate 

buffer (pH 6.0) for 10 minutes. Next, the sections were 

incubated with Protein Block (Abcam) for 10 minutes at 

room temperature, followed by washing with Tris-buffered 

saline–Tween. Normal goat serum (ab138478) was used as 

the blocker for 2 hours prior to exposure to primary anti-

bodies (Ki-67 [ab21700], nuclear factor kappa-B [NF-κB] 

p65, [ab27182], cyclooxygenase [COX]-2 [ab21704], B-cell 

lymphoma [Bcl]-2 [ab7973], and vascular endothelial growth 

factor [VEGF; ab15295]) and sections were incubated at 4°C 

overnight. Further processing was done by using Mouse 

and Rabbit Specific HRP Plus (ABC) Detection IHC kit 

(ab93697; Abcam). The peroxide complex was visualized 

using 3,3-diaminobenzidine. Finally, the slides were coun-

terstained with hematoxylin and cleaned in water, xylene, 

and ethanol. After dibutylphthalate polystyrene xylene (DPX) 

mounting, microscopic (BX53 microscope; Olympus Corpo-

ration, Tokyo, Japan) analysis was performed.

Tumor incidence and tumor multiplicity
Tumor incidence was evaluated by calculating the percentage 

of mice with one or more confirmed tumors. Tumor multiplicity 

was assessed by dividing the total number of tumors observed 

grossly with the total number of tumor-bearing mice.

histological analysis
For histopathological studies, a portion of skin tissue was 

fixed in freshly prepared 10% neutral-buffered formalin. 

The tissue was embedded in paraffin wax, and blocks were 

prepared. Sections of 5 μm thickness were mounted onto 

poly-l-lysine-coated microscopic slides and stained with 

hematoxylin and eosin. Images were captured on a micro-

scope (BX53 microscope; Olympus Corporation, Tokyo, 

Japan) at 4x, 10x and 20x magnifications.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3390

al asmari and Khan

statistical analysis
The data are presented as mean ± standard error of the mean. 

Differences between groups were analyzed using one-way 

analysis of variance, followed by the Tukey–Kramer multiple 

comparisons test. Data were considered statistically signifi-

cant when the P-values were 0.05.

Results
effect of L. quinquestriatus venom on 
tumor incidence, tumor multiplicity, and 
tumor histopathology in DMBa-initiated 
and croton oil-promoted mouse skin 
tumorigenesis
Application of L. quinquestriatus venom resulted in the 

suppression of tumor incidence and tumor multiplicity 

(Figure 1, Table 1). In Group II animals, a tumor incidence 

of 100% was observed and the tumor multiplicity was 14. 

Topical application of L. quinquestriatus venom in the 

antipromotion experimental animals (Group III–Group V) 

suppressed the tumor incidence as well as tumor multiplicity, 

compared to the results in Group II. Compared to a 100% 

tumor incidence in Group II, tumor incidence was 76.9% in 

the animals of Group III, accounting for 23.1% inhibition. 

On the other hand, 84.6% of animals in Group V developed 

tumors, with a 15.4% inhibition in tumor incidence, while 

least (7.7%) reduction in tumor incidence was observed in 

Group IV animals (Table 1). L. quinquestriatus venom appli-

cation resulted in the reduction of gross tumor multiplicity 

in the antipromotion experimental groups (III–V), compared 

to the Group II animals (Table 1).

Histological observations revealed that vehicle-treated 

Group I animals showed a normal pattern of skin epidermal 

and dermal layers, with mild or no infiltration of inflamma-

tory cells (Figure 2A). DMBA–croton oil-treated Group II 

animals exhibited massive changes in both epidermal and 

Figure 1 effect of Leiurus quinquestriatus venom extract on DMBa/croton oil-induced mouse skin tumorigenesis.
Notes: (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil; (C) group iii: DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); 
(D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and (E) group V: DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse).
Abbreviation: DMBa, 7,12-dimethylbenz[a]anthracene.
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dermal layers, characterized by intense infiltration of 

inflammatory cells, increased acanthosis, squamous layer 

dysplasia, darkening of nucleus or hyperchromasia, stromal 

damage, loss of polarity, increase in cell size and mitotic 

activity, keratin pearl formation, and invasiveness, compared 

to the acetone-only-treated Group I animals (Figure 2B). 

Application of L. quinquestriatus venom in the antipromo-

tion experimental groups (III–V) resulted in the reduction of 

these histological alterations, compared to Group II animals 

(Figure 2C–E).

Table 1 effect of L. quinquestriatus crude venom extract on DMBa-
initiated and croton oil-promoted mouse skin tumor incidence 
and tumor multiplicity

Groups na Number of tumor-
bearing mice

Tumor 
incidence (%)

Tumor 
multiplicity

group i 13 0 0 0
group ii 13 13 100 14
group ill 13 10 76.9 7.6
group iV 13 12 92.3 8.4
group V 13 11 84.6 6

Note: an indicates the number of mice in each group.
Abbreviation: DMBa, 7,12-dimethylbenz[a]anthracene.

Figure 2 effect of Leiurus quinquestriatus venom extract on histology of DMBa/croton oil-induced skin tumorigenesis.
Notes: Representative photomicrographs (magnification ×4, ×10, and ×20) depicting histological changes are shown. (A) group i: only vehicle (0.2 ml acetone); (B) group ii:  
DMBa + croton oil; (C) group iii: DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per 
mouse); and (E) group V: DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). Vehicle-treated animals show normal histological pattern (A), DMBa + croton 
oil-treated animals show intense histological deformities (B), and DMBa + croton oil + L. quinquestriatus venom-treated animals show suppressed histological changes (C–E).
Abbreviation: DMBa, 7,12-dimethylbenz[a]anthracene.
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effect of L. quinquestriatus venom on 
TnF-α, il-1β, and il-6 levels
The effects of L. quinquestriatus venom on the expression 

levels of the proinflammatory cytokines TNF-α, IL-1β, and 

IL-6 are shown in Figure 3. A significant (P0.001) increase 

in the level of proinflammatory cytokines was observed in 

Group II animals, compared to the acetone-alone-treated 

Group I animals. In the antipromotion experimental animals, 

application of L. quinquestriatus venom resulted in a remark-

able reduction (P0.05, P0.01, and P0.001, respectively, 

in Groups III–V) in the levels of these proinflammatory 

cytokines, while the reduction was nonsignificant in the case 

of TNF-α and IL-1β in Group III animals compared to Group 

II experimental animals.

effect of L. quinquestriatus venom on 
Ki-67, nF-κB, cOX-2, Bcl2, and VegF 
expression
The effects of L. quinquestriatus venom extract on the 

expression of Ki-67, NF-κB, COX-2, Bcl2, and VEGF are 

shown in Figures 4–8, respectively. Brown color indicates 

the immunopositive staining for Ki-67, NF-κB, COX-2, 

Bcl2, and VEGF, while light blue color indicates hema-

toxylin staining. A noticeable increase in the number of 

cells having positive staining of Ki-67, NF-κB, COX-2, 

Bcl2, and VEGF was observed in the DMBA/croton  

oil-treated Group II animals compared to vehicle-alone-

treated Group I control animals. Application of L. quinques-

triatus venom extract in the antipromotion experimental 

groups (III–V) reduced the expression of Ki-67, NF-κB, 

COX-2, Bcl2, and VEGF compared with Group II animals 

(Figures 4–8).

Discussion
Cancer is one of the leading chronic human diseases 

that has a huge impact on human society due to lack of 

complete treatment options. Attention has been given to 

the search for naturally derived products with antican-

cer potential. In this study, we have investigated the in 

vivo anticancer potential of the venom extract from the 

β

α

Figure 3 effect of Leiurus quinquestriatus venom extract on DMBA/croton oil-induced cutaneous proinflammatory cytokines.
Notes: (A) TnF-α; (B) il-6; (C) il-1β. Values are expressed as mean ± seM (n=6). ***P0.001 shows significant difference in DMBA + croton oil-treated group ii 
experimental animals compared with vehicle-treated group i animals. #P0.05, ##P0.01, and ###P0.001 show significant difference in the L. quinquestriatus venom-treated 
experimental animal groups (groups iii–V) compared with DMBa + croton oil-treated Group II animals. ns indicates nonsignificant reduction of TNF-α and il-1β levels in 
the animals of experimental group iii compared to group ii animals.
Abbreviations: DMBa, 7,12-dimethylbenz[a]anthracene; il, interleukin; seM, standard error of the mean; TnF, tumor necrosis factor.
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Figure 4 effect of Leiurus quinquestriatus venom extract on cell proliferation marker Ki-67 in the chemically induced skin tumors.
Notes: Representative photomicrographs (magnification ×20; scale bar: 100 μm) of (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil;  
(C) group iii: DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and  
(E) group V: DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). group ii animals showed more number and intense immunopositive staining of Ki-67 (arrows) 
compared with group i animals. groups containing L. quinquestriatus venom-treated animals exhibit reduced Ki-67 expression (arrows) compared to group ii animals.
Abbreviation: DMBa, 7,12-dimethylbenz[a]anthracene.

Figure 5 effect of Leiurus quinquestriatus venom extract on nF-κB expression in chemically induced skin tumors.
Notes: Representative photomicrographs (magnification ×40; scale bar: 50 μm). (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil; (C) group iii: 
DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and (E) group V: 
DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). group ii animals showed more immunopositive staining of nF-κB (arrows) compared with group i 
animals. L. quinquestriatus venom-treated animals exhibit reduced nF-κB expression (arrows) compared to group ii animals.
Abbreviations: DMBa, 7,12-dimethylbenz[a]anthracene; nF-κB, nuclear factor kappa-B.

L. quinquestriatus scorpion species. Scorpion venoms are 

composed of a number of biologically active constituents 

with promising anticancer potential. Though various find-

ings have revealed that the anticancer property, ie, the 

ability to interfere with different pathways and molecules 

associated with carcinogenesis, of the scorpion venom is 

multifactorial, the exact underlying mechanism is not yet 

fully understood.9,16,27

Most of the research work on the anticancer poten-

tial of scorpion venoms is conducted on in vitro systems 
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Figure 7 effect of Leiurus quinquestriatus venom extract on Bcl2 expression in chemically induced skin tumors.
Notes: Representative photomicrographs (magnification ×40; scale bar: 50 μm). (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil; (C) group iii: 
DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and (E) group V: 
DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). group ii animals showed more immunopositive staining of Bcl2 (arrows) compared with group i animals. 
L. quinquestriatus venom-treated animal groups exhibit reduced Bcl2 expression (arrows) compared to group ii animals.
Abbreviations: Bcl2, B-cell lymphoma-2; DMBa, 7,12-dimethylbenz[a]anthracene.

Figure 6 effect of Leiurus quinquestriatus venom extract on cOX-2 expression in chemically induced skin tumors.
Notes: Representative photomicrographs (magnification ×40; scale bar: 50 μm). (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil; (C) group iii: 
DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and (E) group V: 
DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). group ii animals showed more immunopositive staining of cOX-2 (arrows) compared with group i 
animals. L. quinquestriatus venom-treated animals exhibit reduced cOX-2 expression (arrows) compared to group ii animals.
Abbreviations: cOX, cyclooxygenase; DMBa, 7,12-dimethylbenz[a]anthracene.

and, for the first time (to the best of authors knowledge), 

we have investigated the in vivo anticancer potential of 

L. quinquestriatus venom against the classic two-stage 

mouse skin carcinogenesis model. Development of cancer 

is a complex and multistep process, which is critically 

associated with the progressive accretion of genetic and 

epigenetic changes. The findings of this study show that 

the topical application of L. quinquestriatus venom extract 

alleviates tumorigenesis and expression of different cancer- 

promoting markers.
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Figure 8 effect of Leiurus quinquestriatus venom extract on VegF expression in chemically induced skin tumors.
Notes: Representative photomicrographs (magnification ×20; scale bar: 100 μm). (A) group i: only vehicle (0.2 ml acetone); (B) group ii: DMBa + croton oil; (C) group iii: 
DMBa + croton oil + L. quinquestriatus venom (17.5 μg per mouse); (D) group iV: DMBa + croton oil + L. quinquestriatus venom (35 μg per mouse); and (E) group V: 
DMBa + croton oil + L. quinquestriatus venom (52.5 μg per mouse). group ii animals showed more immunopositive staining of VegF (arrows) compared with group i 
animals. L. quinquestriatus venom-treated animal groups exhibit reduced VegF expression (arrows) compared to group ii animals.
Abbreviations: DMBa, 7,12-dimethylbenz[a]anthracene; VegF, vascular endothelial growth factor.

Uncontrolled cell proliferation, one of the hallmarks of 

cancer, is the main focus of current research to defeat cancer 

development.28 Previous findings have demonstrated that 

scorpion venom has remarkable inhibitory effects on cancer 

cell proliferation.9,16,29–31 Our findings of reduction in skin 

tumorigenesis and tumor multiplicity are in agreement with 

these reports and suggest that the venom of L. quinquestriatus 

has the potential to suppress cutaneous cell proliferation in 

the two-stage mouse skin tumorigenesis model by modulat-

ing the expression of the cell proliferation marker Ki-67. 

Ki-67, an important protein of the nucleus, is expressed in 

different phases of the cell cycle (G1, S, G2, and M), with 

minimal or no expression in the resting or G0 phase. Its 

presence is critical for cell proliferation in carcinogenesis.32 

Our findings of a reduced expression of Ki-67 in L. quin-

questriatus venom-treated mice support its antiproliferative 

characteristics.

The anticarcinogenic potential of L. quinquestriatus 

venom extract was further supported by another finding of 

this study, which is the expression of Bcl2. Bcl2 is one of 

the important proteins that play a vital role in cell prolifera-

tion, migration and cell invasion, and apoptosis.33–35 Bcl2 not 

only helps in cellular proliferation but is also involved in the 

regulation of apoptosis.34 Inhibition of Bcl2 overexpression 

suggests the antitumorigenic potential of L. quinquestriatus 

venom. Our findings are in agreement with earlier reports 

that show the inhibitory action of scorpion venom on Bcl2 

expression.36–38

The role of NF-κB in the development of malignancies, 

including skin carcinoma, is well documented.39–41 NF-κB, 

a major transcription factor, also plays a vital role in cellular 

development, proliferation, apoptosis, and cell division. 

Considering the impact of NF-κB in tumorigenesis, we 

have investigated the effect of L. quinquestriatus venom on 

cutaneous NF-κB activation. Our findings demonstrate that 

L. quinquestriatus venom inhibits NF-κB activation, which 

predicts the anticarcinogenic nature of the venom. Previous 

research regarding the effect of scorpion venom on NF-κB 

activation supports our result.31 A number of reports reveal 

that venom extracted from arthropods and other animals plays 

a vital role in the management of various chronic inflamma-

tory diseases, such as rheumatoid arthritis, atherosclerosis, 

and cancer, through immunosuppression via modulating 

the expression of different inflammatory mediators, such as 

NF-κB, COX-2, INOS, cytokines, and so on.42–46 The poly-

peptide venom extract from L. quinquestriatus further shows 

its immunosuppressive potential by inhibiting the expression 

of NF-κB target genes encoding COX-2 and proinflammatory 

cytokines (TNF-α, IL6, and IL-1β). Previous findings have 

also revealed that scorpion venom attenuated the aggres-

siveness of malignancy by modulating the expression of 

cytokines and COX-2.47,48 Another finding of this study is the 
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inhibitory effect of L. quinquestriatus venom extract on the 

expression of VEGF, which further supports its anticancer 

potential. VEGF is an important glycoprotein that plays a 

crucial role in tumor angiogenesis, one of the hallmarks of 

malignancy.49,50 VEGF signaling also plays a vital role in the 

growth and survival of endothelial cells, as well as cancer 

cell migration.50 Earlier reports also demonstrate that scor-

pion venom extracts and toxins have suppressed the extent 

of malignancy and neovascularization by modulation of the 

signaling molecules associated with angiogenesis.51–53

Histological findings reveal that the animals of the 

vehicle-treated control group showed a normal pattern of 

skin epidermal and dermal layers, with mild or no infiltra-

tion of inflammatory cells. Animals of the DMBA–croton 

oil-treated group exhibited massive changes, characterized 

by intense infiltration of inflammatory cells, increased acan-

thosis, squamous layer dysplasia, darkening of nucleus or 

hyperchromasia, stromal damage, loss of polarity, increase 

in size, mitotic activity, keratin pearl formation, and inva-

siveness, in both epidermal and dermal layers. Application 

of L. quinquestriatus scorpion venom suppressed these 

histological alterations, indicating the attenuation potential 

of the venom. These findings corroborated with the histo-

logical data. Furthermore, the effect of scorpion venom on 

tumor incidence and gross tumor multiplicity reveals its 

antitumorigenic potential. One of the limitations of this 

study is that the median dose of L. quinquestriatus scorpion 

venom did not show dose-dependent inhibitory effect on 

the phenotypic tumor characteristics in terms of tumor inci-

dence and tumor multiplicity, which probably may be due 

to the single or cumulative effects of a number of factors 

(genetic, epigenetic, environmental, and so on).

In conclusion, the findings of this study demonstrate 

that the venom extract from L. quinquestriatus scorpion 

species possesses antitumorigenic potential. Additional 

studies are warranted to further elucidate the signaling 

mechanisms underlying the in vivo antitumorigenic action 

of scorpion venom.
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