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Abstract
Background: The development of effective treatments against metastatic cancers, including 
breast cancer, is among the most important challenges in current experimental and clinical 
cancer research. We recently demonstrated that Walterinnesia aegyptia venom (WEV), either 
alone or in combination with silica nanoparticles (WEV+NP), resulted in the growth arrest and 
apoptosis of different cancer cell lines. Aims: In the present study, we evaluated the impact 
of WEV alone and WEV+NP on human breast cancer cells isolated from cancer biopsies. 
Methods: The potential effects of WEV alone and WEV+NP on the proliferation, induction 
of apoptosis and generation of free radicals in breast cancer cells isolated from 80 patients 
clinically diagnosed with breast cancer were evaluated by flow cytometry and ELISA. Results: 
WEV alone and WEV+NP inhibited the proliferation, altered the cell cycle and enhanced the 
induction of apoptosis of the breast cancer cells by increasing the activities of caspase-3, 
caspase-8 and caspase-9. In addition, the combination of WEV and NP robustly sensitized the 
breast cancer cells to growth arrest and apoptosis by increasing the generation of free radicals, 
including reactive oxygen species (ROS), hydroperoxide and nitric oxide. The combination 
of WEV with NP significantly enhanced the anti-tumor effect of WEV in breast cancer cells. 
Conclusion: Our data indicate the therapeutic potential of the nanoparticle-sustained delivery 
of snake venom for the treatment of breast cancer. 
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Introduction

Despite major advances in the elucidation of the mechanisms of breast cancer progression 
and the development of novel therapeutic agents, breast cancer remains the second leading 
cause of mortality among women worldwide [1]. This mortality is almost invariably due to 
metastasis [1, 2]. Metastatic disease remains the most critical factor limiting patient survival, 
and the development of effective treatments against metastatic cancers, including breast 
cancer, is among the most important challenges in current experimental and clinical cancer 
research [3-5].

Natural toxins are recognized as sources for drugs against several human ailments, 
including cancers. In particular, a non-toxic dose of snake venom has been shown to both 
reduce the size of solid tumors and block the process of angiogenesis in ovarian cancer [6]. 
New anticancer agents must be identified to increase the number of available options and 
identify less toxic and more effective drugs. Snake venom is a complex mixture of many 
substances, including toxins, enzymes, growth factors, activators and inhibitors, with a 
wide spectrum of biological activities. Our recent studies have demonstrated the anti-
tumor potential of snake venom from Walterinnesia aegyptia (WEV) on the human breast 
carcinoma cell line MDA-MB-231 and have shown its effect on normal murine peripheral 
blood mononuclear cells (PBMCs) [7]. In addition, other data have indicated that the snake 
venom toxin from Vipera lebetina turanica inhibits hormone-refractory human prostate 
cancer cell growth at nanogram concentrations; this effect is related to the NF-κB signal-
mediated induction of apoptosis [8].

One mechanism by which chemotherapeutic agents kill tumor cells is by inducing 
apoptotic death pathways. The ability of cancer cells to escape from apoptosis and continue 
to proliferate is one of the fundamental hallmarks of cancer and is a major target of cancer 
treatment; therefore, the underlying mechanisms of apoptosis and cancer progression 
continue to be a focus of intense research. In a cell, apoptosis can be triggered through either 
the extrinsic pathway or the intrinsic pathway. In the extrinsic pathway, signal molecules, 
known as ligands, bind to transmembrane death receptors on the target cell to induce 
apoptosis through the activation of cellular caspases, while the intrinsic pathway is triggered 
by cellular stress and is mediated through a mitochondrial-dependent pathway. Caspase-
dependent apoptosis includes the activation of caspase-3, caspase-8 and caspase-9, whereas 
the mitochondrial pathway involves the efflux of cytochrome C from the mitochondria to 
the cytosol to form apoptosomes with Apaf-1 and caspase-9, which lead to the activation of 
caspase-3 and subsequent apoptosis induction [9, 10]. In fact, both pathways are intricately 
related. Tumor cells contain fewer scavengers of free radicals than normal cells, and free 
radicals have been shown to participate in the mechanism of anticancer therapeutic agents; 
the production of large amounts of free radicals in tumor tissues may therefore have potential 
as a future anticancer therapy [11]. Consequently, modulation of the levels of reactive oxygen 
species (ROS) and other free radicals that induce oxidative stress has been proposed as a 
therapeutic approach to cancer [12]. Nitric oxide (NO) plays important physiological roles 
in vascular function and the inflammatory response. However, NO over-production induces 
DNA damage, mitochondrial uncoupling and increased ROS [12-14].

Nanoparticles loaded with chemical therapeutics have shown great promise for the 
treatment of cancer. When loaded with anticancer agents, nanoparticles can successfully 
increase drug concentrations in cancer tissues and act at the cellular level to enhance 
antitumor efficacy. The nanoparticles can be endocytosed and/or phagocytosed by cells, 
resulting in the internalization of the encapsulated drug [9]. Therefore, in the present study, 
we investigated the effects of WEV alone and in combination with silica nanoparticles 
(WEV+NP) on the proliferation and apoptosis of human breast cancer cells through 
monitoring the caspase activity and free radical levels. 
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Materials and Methods

Preparation of Walterinnesia aegyptia venom
Walterinnesia aegyptia snakes were collected from the central region of Saudi Arabia. No specific 

permits were required for the described field studies, and no specific permission was required for these 
locations/activities because the location was not privately owned or protected in any way and the field 
studies did not involve endangered or protected species. The snakes were kept in a serpentarium in the 
Zoology Department of the College of Science at King Saud University. The snakes were warmed daily for 
nine hours using a 100-watt lamp and were provided water ad libitum. The snakes were fed purpose-bred 
mice every 10 to 14 days. After the venom was milked from a single specimen of adult snake, the venom was 
lyophilized and reconstituted in 1X phosphate-buffered saline (PBS) prior to use.

Combination of snake venom with silica nanoparticles
As previously described [7, 15], a double mesoporous core-shell silica nanosphere was formed around 

a silica core by using an anionic surfactant to transform the solid silica core into a mesoporous core. To 
synthesize the solid silica core, 0.875 ml aqueous ammonia was added to a solution that contained 18 ml 
ethanol and 2.6 ml deionized water; then, 1.5 ml tetraethyl orthosilicate (TEOS) was added while the solution 
was vigorously stirred. The resulting mixture was heated to 30°C for 60 min, and the silica precipitate was 
then collected by centrifugation and washed three times with water. Second, to synthesize the mesoporous 
core-shell nanosphere, silica (SiO2) particles were dispersed using an anionic surfactant in 15 ml H2O and 
ultrasonicated for 10 min. To suppress the agglomeration of the silica cores, 1 g/l polyvinylpyrrolidone 
was added followed by constant stirring for 60 min. Next, 0.1 ml 3-aminopropyltrimethoxysilane (APMS), 
0.2933 g (1 mmol) N-lauroylsarcosine sodium (Sar-Na) and 1.5 ml TEOS were added to the reaction mixture, 
which was stirred at 50°C for 2 h. The final solid was recovered by centrifugation, washed with deionized 
water and dried in an oven at 60°C for 12 h. Template removal was performed by heat treatment in an air 
stream at 550°C for 6 hours. After synthesizing the nanoparticles, 25 mg mesoporous silica nanoparticles 
was added to a solution of 50 mg/ml venom in 0.5 ml water. The suspension was stirred for 2 hours, and 
the evaporation of water was prevented. The mesoporous silica nanoparticles loaded with venom were 
recovered by high-speed centrifugation and then dried in a vacuum oven at 60°C. Transmission electron 
microscopy (TEM) was performed with a JEOL JSM-2100F electron microscope (Japan) operated at 200 
kV. Nitrogen sorption isotherms were measured at 77 K with a Quantachrome NOVA 4200 analyzer (USA). 
Prior to taking measurements, the samples were degassed in a vacuum at 200°C for at least 18 hours. The 
Brunauer-Emmett-Teller (BET) method was utilized to calculate the specific surface areas (SBET) using 
adsorption data in a relative pressure range from 0.05 to 0.35. Using the Barrett-Joyner-Halenda (BJH) 
model, the pore volumes and pore size distributions were derived from the adsorption branches of the 
isotherms, and the total pore volumes (Vt) were estimated from the adsorbed amount at a relative pressure 
(P/P0) of 0.992.

Human breast cancer samples
Breast cancer tissue samples were obtained from 80 females with histologically proven breast 

cancer. The clinico-histopathological data of the patients are summarized in Table 1. All patients had been 
surgically treated at the South Egypt Cancer Institute of Assiut University in Egypt. Non-tumorigenic normal 
breast tissue samples were obtained from Assiut University Hospital. The tumor tissue specimens were 
taken at the time of surgery after informed written consent in accordance with South Egypt Cancer Institute 
ethical committee guidelines. This study was approved by the Ethical committee of South Egypt Cancer 
Institute, Assiut University, Egypt. This ethical committee is approved by U.S. Department of Health and 
Human Services (HHS) Institutional Review Board (IRB). IORG number: IORG0006563. OMB number: 0990-
0279. The tumor and normal tissues were immediately disaggregated mechanically by passage through a 
16-gauge stainless steel mesh, and the cells were either lysed in lysis buffer for the caspase activity test 
and the measurement of free radical levels or directly transferred to and maintained in a culture medium 
consisting of MEM supplemented with 10% heat-inactivated fetal bovine serum (FBS, EuroClone, Life 
Science Division, Milan, Italy). The anti-proliferative effects of WEV, NP and WEV+NP were determined on 
the non-tumorigenic and breast cancer cells isolated from human samples using the 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) uptake method. The cells were plated at 1x106 cells/ml in 2 
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ml culture medium in six-well Costar 
plates (Corning, Corning, NY). The 
cells were treated with different 
concentrations of WEV or WEV+NP for 
1, 2, 6, 12, 24 or 48 h. Cytotoxicity was 
expressed as the relative percentage 
of the OD values measured in the 
control untreated (0), NP-, WEV- and 
WEV+NP-treated cells. Morphological 
changes following exposure to NP, WEV 
and WEV+NP were observed using a 
phase contrast inverted microscope 
(Olympus, Japan).

Table 1. Clinico-histopathological data for patients diagnosed 
with breast cancer

CFSE proliferation assay and flow cytometry analysis
Flow cytometry was performed with the FACSCalibur system (BD, San Jose, CA). All fluorocytometric 

data were subsequently analyzed and displayed with CELL QUEST software (BD, San Jose, CA). Each analysis 
included measurements for a minimum of 20,000 cells. The breast cancer cells were washed twice in PBS and 
stained with 0.63 µM carboxyfluorescein diacetate succinimidyl ester (CFSE) (Molecular Probes, Eugene, 
OR) for 8 min at room temperature. The residual CFSE was removed by washing 3 times in PBS. The CFSE-
labeled cells were then seeded into 6-well plates, treated with NP, WEV or WEV+NP or left untreated (0) 
and grown for 4 days in RPMI cell culture medium. The cells were then stained with monoclonal antibodies. 
The CFSE fluorescence intensity was measured by flow cytometry. Isotype control antibodies were used to 
separate the positive and negative cells.

Flow cytometry analysis of apoptosis and cell cycle analysis
After treatment with NP, WEV or WEV+NP, the breast cancer cells were fixed and permeabilized with 

70% ice-cold ethanol for at least 1 h and then washed twice with PBS. The DNA was stained by incubating the 
cells at 37°C for 1 h in 40 µg/ml propidium iodide and 100 µg/ml DNase-free RNase in PBS. The fluorescence 
area (FL2-A) is the main parameter in the cell cycle analysis; therefore, a histogram plot of FL2-A was used as 
a cell cycle graph. The cell cycle distributions were analyzed with Modfit LT 3.0 software (BD, San Jose, CA). 
Dead cells were identified using the Trypan blue dye exclusion test. The breast cancer cells were reanalyzed 
for the expression of annexin V and both annexin V and PI to identify early and late apoptosis, respectively.

Measurements of caspase activity
Caspase-3, caspase-8 and caspase-9 activities were evaluated using a fluorometric protease assay kit 

(MBL, Aichi, Japan) according to the manufacturer’s instructions.

Measurements of ROS, hydroperoxide and nitric oxide levels
The levels of ROS were determined using 2,7-dichlorodihydrofluorescein diacetate (H2DCF-DA) 

(Beyotime Institute of Biotechnology, Haimen, China). Tumor cells (1x106) were directly treated with 10 
µM H2DCF-DA dissolved in 1 ml PBS at 37°C for 20 min. The fluorescence intensity was monitored with an 
excitation wavelength of 488 nm and an emission wavelength of 530 nm. The levels of hydroperoxide were 
measured using the free radical analytical system (FRAS 2, Iram, Parma, Italy). This test is a colorimetric 
assay that takes advantage of the ability of hydroperoxide to generate free radicals after reaction with 
specific transition metals. The concentrations of nitrite and nitrate were measured with a Griess assay 
reagent (NO2/NO3 detection kit; Dojindo, Kumamoto, Japan) according to the manufacturer’s instructions. 
In brief, the supernatant of the cell culture medium without phenol or serum was collected and then reacted 
with the Griess reagent. The azo coupling between the diazonium species, which are produced by the 
reaction of sulfanilamide with NO2, and 1-naphthylethylenediamine was measured at 540 nm with an MRX 
microplate reader (Dynex Technologies, Inc., Chantilly, VA).
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Statistical analysis 
The data were first tested for normality using 

the Anderson–Darling test and then evaluated for 
variance homogeneity prior to further statistical 
analysis. The data were normally distributed and 
were expressed as the mean ± standard error of the 
mean (SEM). Significant differences among groups 
were analyzed by one- or two-way ANOVA followed 
by the Bonferroni multiple comparison test using 
PRISM statistical analysis software (GraphPad 
Software). The data were then reanalyzed by one- 
or two-way ANOVA followed by Tukey’s range test 
using SPSS software, version 17. Differences were 
considered significant at P < 0.05. *P < 0.05, WEV-
treated vs. control; #P < 0.05, WEV+NP-treated vs. 
control; +P < 0.05, WEV+NP-treated vs. WEV-treated.

Results

Fig. 1. WEV and WEV+NP inhibit the growth of 
breast cancer cells. Breast cancer cells isolated from 
human subjects were treated with NP (open circle), 
WEV (gray triangles) or WEV+NP (closed squares) 
at concentrations of 0, 1, 5, 10, 20, 50, 100 and 1000 
ng/ml (A) and different incubation times of 0, 1, 2, 6, 
12, 24 and 48 hr (B); cell viability was assessed using 
an MTT assay. The combined data from different 
experiments (n=5) are shown, and the results are 
expressed as the mean percentage of viable cells 
± SEM. Similarly, non-tumorigenic normal breast 
cells were treated with the same concentrations of 
NP, WEV and WEV+NP (C). The pooled data from 
different experiments (n=5) are shown, and the 
results are expressed as the mean percentage of 
viable cells ± SEM.

WEV and WEV+NP inhibit the growth of breast cancer cells
Using a silica nanoparticles delivery system, we first investigated the ability of WEV and 

WEV+NP to induce growth arrest in breast cancer cells. The effects of WEV and WEV+NP 
on breast cancer cells and normal breast cells were examined at WEV concentrations of 
0, 1, 5, 10, 20, 50, 100 and 1000 ng/ml and incubation times of 0, 1, 2, 6, 12, 24, 36 and 
48 h. The resulting cytotoxic effects of WEV and WEV+NP were measured using the MTT 
uptake method. The results of five independent experiments (n=5) demonstrated that WEV 
and WEV+NP significantly inhibited the growth of breast cancer cells in a dose- and time-
dependent manner (Fig. 1A & B). The IC50 values for WEV alone and WEV+NP were 50 ng/
ml and 20 ng/ml, respectively. The effect was maximal at 12 h of incubation. Nevertheless, 
treatment with WEV or WEV+NP had no significant inhibitory effect on the viability of non-
tumorigenic normal breast cells (Fig. 1C). The combination of WEV with NP (WEV+NP) 
significantly enhanced the inhibitory effect of WEV in breast cancer cells. The maximal 
inhibitory effects of WEV and WEV+NP on cell viability were observed 12 h after treatment 
with 50 ng/ml of WEV alone or 20 ng/ml of WEV+NP. Nevertheless, treatment with NP alone 
did not affect breast cancer cell viability.
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Treatment with WEV alone and WEV+NP inhibits the proliferation of breast cancer cells
Because the proliferation process is crucial for the maintenance and progression of 

cancer cells, we monitored the effects of WEV alone or in combination with NP (WEV+NP) 
on the proliferation of breast cancer cells using a CFSE dilution assay followed by flow 
cytometry. The data from one representative experiment are shown as dot plots (Fig. 2A) 
and reveal that the percentage of proliferating cells was markedly decreased from 69% 
in NP-treated cells to 40.9% and 18.9% in WEV- and WEV+NP-treated cells, respectively. 
The pooled data for different patients diagnosed with breast cancer (n=80) demonstrated 
that treatment with WEV alone significantly reduced (P < 0.05) the proliferative capacity 
of breast cancer cells compared with vehicle-treated cells (Fig. 2B). Moreover, although NP 
had no effect on proliferation, the combination of NP with WEV significantly enhanced the 
inhibitory effect of WEV on breast cancer cells.

Treatment with WEV and WEV+NP induces cell cycle arrest and apoptosis in breast cancer 
cells
The inhibition of cancer cell proliferation, the cessation of cell-cycle progression and 

the induction of apoptosis have all been targeted in chemotherapeutic strategies for the 
treatment of cancer. Therefore, we used propidium iodide (PI) single staining and PI/annexin 
V double staining followed by flow cytometry analysis to determine if WEV and WEV+NP 
alter the cell cycle of breast cancer cells. The data from one representative experiment are 
presented as a histogram; the percentage of apoptotic cells was 11% in the NP-treated cells. 

Fig. 2. WEV and WEV+NP decrease the proliferation of breast cancer cells. CFSE assays and flow cytometry 
were used to evaluate the ability of breast cancer cells to proliferate after treatment with vehicle, NP, WEV 
and WEV+NP. (A) One representative experiment showing the analysis of the CFSE staining of the breast 
cancer cells from one patient after gating on the viable cells. (B) The accumulated data for 80 patients are 
expressed as the mean percentage of proliferating cells ± SEM for vehicle-treated cancer cells (closed black 
bars), NP-treated cells (hatched bars), WEV-treated cells (closed gray bars) and WEV+NP-treated cells 
(dotted bars). P < 0.05, WEV-treated vs. control; #P < 0.05, WEV+NP-treated vs. control; +P < 0.05, WEV+NP-
treated vs. WEV-treated.

http://dx.doi.org/10.1159%2F000366366


Cell Physiol Biochem 2014;34:1640-1651
DOI: 10.1159/000366366
Published online: November 03, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1646

Badr et al.: Snake Venom-Loaded Silica Nanoparticles Induce Growth Arrest in Human 
Breast Cancer Cells

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Treatment with WEV and WEV+NP markedly increased the percentage of apoptotic cells to 
35% and 85%, respectively (Fig. 3A). The increased induction of apoptosis after treatment 
with WEV and WEV+NP was inversely correlated with a decrease in the percentage of cells 
in S phase to 59% and 25%, respectively. The breast cancer cells were also stained with 
PI/annexin V to discriminate between apoptotic, necrotic and viable cells, and the data 
are presented as dot plots. The data from one representative experiment indicate that the 
percentage of apoptotic cells clearly increased in WEV- and WEV+NP-treated cells compared 
with NP-treated cells (Fig. 3B). The accumulated data for cells isolated from different patients 
(n=80) demonstrated that treatment with WEV alone significantly (P < 0.05) potentiated 
apoptosis and diminished the percentage of cells in S phase in breast cancer cells compared 
with vehicle- and NP-treated cells (Fig. 3C). Although NP alone had no effect on apoptosis 
induction and the percentage of cells in S phase, the combination of NP and WEV significantly 
(P < 0.05) increased apoptosis induction and decreased the percentage of cells in S phase. 

Fig. 3. The impact of WEV+NP on cell cycle and apoptosis induction in breast cancer cells. (A) The ability 
of WEV and WEV+NP to alter the cell cycle of breast cancer cells was evaluated by PI and flow cytometry. 
The PI-labeled cells were gated depending on the PI-Area and the PI-Width to calculate the G1, S, G2/M 
and sub-G1 (apoptotic cells) cell-cycle phases. Histograms of the PI-stained cells from one representative 
experiment are shown. (B) A dot plot of PI/annexin V FITC-stained cells demonstrates an increase in 
apoptotic breast cancer cells after treatment with NP, WEV and WEV+NP. (C) The accumulated data for 80 
patients are expressed as the mean percentage ± SEM of apoptotic and S phase cells among vehicle-treated 
cancer cells (closed black bars), NP-treated cells (hatched bars), WEV-treated cells (closed gray bars) and 
WEV+NP-treated cells (dotted bars). P < 0.05, WEV-treated vs. control; #P < 0.05, WEV+NP-treated vs. 
control; +P < 0.05, WEV+NP-treated vs. WEV-treated.
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Treatment with WEV and WEV+NP induces apoptosis in breast cancer cells via direct 
activation of caspase activity
Because caspases are active mediators of apoptosis, the activities of caspase-3, caspase-8 

and caspase-9 were monitored in the breast cancer cell lysates after treatment with vehicle, 
NP, WEV and WEV+NP. The accumulated data for different patients (n=70) indicated that the 
levels of caspase-3, caspase-8 and caspase-9 activities were significantly (P < 0.05) increased 
in the breast cancer cells after treatment with WEV and WEV+NP compared with the vehicle- 
and NP-treated cells (Fig. 4). The effect of WEV+NP on the levels of caspase-3, caspase-8 and 
caspase-9 activities was greater than that of WEV alone.

Treatment with WEV and WEV+NP induces the generation of ROS, hydroperoxide and 
nitric oxide
Tumor cells contain fewer radical scavengers than do normal cells, and free radicals 

have been shown to participate in the mechanism of anticancer therapeutic agents. 
Therefore, the generation of a large quantity of free radicals in tumor tissues may represent 

Fig. 4. The impact of WEV and WEV+NP on the levels of caspase activities in breast cancer cells. Levels 
of caspase-3, caspase-8 and caspase-9 activities were measured in the lysates of breast cancer cells after 
treatment with vehicle, NP, WEV or WEV+NP. The accumulated data for 80 patients are expressed as the 
mean fold increase ± SEM in the caspase activity in vehicle-treated cancer cells (closed black bars), NP-
treated cells (hatched bars), WEV-treated cells (closed gray bars) and WEV+NP-treated cells (dotted bars). 
P < 0.05, WEV-treated vs. control; #P < 0.05, WEV+NP-treated vs. control; +P < 0.05, WEV+NP-treated vs. 
WEV-treated.

Fig. 5. The effects of WEV and WEV+NP on 
the levels of free radicals in breast cancer 
cells. The levels of ROS, hydroperoxide and 
nitric oxide were measured in the lysates 
of breast cancer cells after treatment 
with vehicle, NP, WEV or WEV+NP. The 
accumulated data for 80 patients are 
expressed as the mean levels of free radical ± 
SEM for vehicle-treated cancer cells (closed 
black bars), NP-treated cells (hatched bars), 
WEV-treated cells (closed gray bars) and 
WEV+NP-treated cells (dotted bars). P < 
0.05, WEV-treated vs. control; #P < 0.05, 
WEV+NP-treated vs. control; +P < 0.05, 
WEV+NP-treated vs. WEV-treated.
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a future anticancer therapy. Therefore, we measured the levels of free radicals in breast 
cancer cell lysates after treatment with vehicle, NP, WEV or WEV+NP. The accumulated data 
for different patients (n=70) indicated that the breast cancer cells exhibited a significant 
(P < 0.05) elevation in the levels of ROS, hydroperoxide and nitric oxide after treatment 
with WEV alone and WEV+NP compared with treatment with vehicle and NP alone (Fig. 5). 
Although treatment of breast cancer cells with NP alone had no effect on the generation of 
free radicals, the effect of WEV was strongly enhanced in combination with NP. 

Discussion

In this study, we investigated the impact of snake venom, either alone or in combination 
with silica nanoparticles, on breast cancer cell growth and survival. We used cells isolated 
from female patients who were clinically diagnosed with breast cancer. We demonstrated 
that WEV alone and in combination with silica nanoparticles inhibited the growth of breast 
cancer cells in a dose- and time-dependent manner. Moreover, the combination of WEV and 
NP enhanced the effect of WEV on the cancer cells. The IC50 values of WEV and WEV+NP for 
the inhibition of the growth of breast cancer cells were 50 ng/ml and 20 ng/ml, respectively; 
these values are identical to the values we reported previously for the MDA-MB-231 and 
MCF-7 breast cancer cell lines [15]. Furthermore, at their IC50s, WEV and WEV+NP caused 
growth inhibition of breast cancer cells without affecting the viability of non-tumorigenic 
normal breast epithelial cells (MCF-10) or human normal breast cancer tissue. In addition, 
we and other researchers have reported the antitumor effects of snake venoms and their 
ability to induce apoptosis in many cancer cells [16-23].

Furthermore, we recently demonstrated the therapeutic efficacy and molecular 
mechanisms of WEV+NP in the treatment of breast cancer- and prostate cancer-bearing 
experimental mouse models [24]. Therefore, in the present study we further investigated 
the effects of WEV+NP on the human breast cancer cells.

Uncontrolled proliferation is significant in cell turnover and tumorigenesis. Therefore, 
we monitored the effects of WEV alone or in combination with NP on the proliferation of breast 
cancer cells with a CFSE dilution assay followed by flow cytometry analysis. Our data revealed 
that WEV alone and in combination with NP inhibited the proliferation of breast cancer cells. 
Uncontrolled proliferation is significant in cell turnover and tumorigenesis; thus agents that 
are able to inhibit proliferation may be useful as chemotherapeutic agents against breast 
cancer. Our data are consistent with Dowsett et al., who reported that increased apoptosis 
and decreased proliferation are common factors in the biological response of breast cancer 
to chemotherapy and endocrine therapy [25]. Positive clinical responses are associated 
with reduced proliferation during chemotherapy, endocrine therapy and chemoendocrine 
therapy. Anticancer agents may alter the regulation of the cell cycle machinery, resulting 
in cellular arrest at different phases of the cell cycle and thereby reducing the growth and 
proliferation of cancerous cells; cell cycle arrest may even induce apoptosis [26]. Several 
drugs have been designed to synthetically activate caspases, including peptides that contain 
the arginine-glycine-aspartate motif. These peptides are pro-apoptotic and have the ability 
to directly induce auto-activation of procaspase 3. They have also been shown to lower the 
activation threshold of caspase enzymes or activate caspases, contributing to an increase in 
the drug sensitivity of cancer cells [27]. Our data reveal that WEV alone and in combination 
with NP increased the activities of caspase-3, caspase-8 and caspase-9 in breast cancer cells. 
Tandon et al concluded that oxidative stress may have potential therapeutic applications in 
the development of anticancer drugs [28]. Potential anticancer drugs acting by this novel 
mechanism may prove to be useful in the future. Therefore, we measured the levels of ROS, 
NO and hydroperoxide, revealing an increase in the levels of free radicals after treatment 
with WEV and WEV+NP. Generally, chemotherapeutic drugs attack both normal and tumor 
cells non-specifically and may causing life-threatening side effects, necessitating the 

http://dx.doi.org/10.1159%2F000366366


Cell Physiol Biochem 2014;34:1640-1651
DOI: 10.1159/000366366
Published online: November 03, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1649

Badr et al.: Snake Venom-Loaded Silica Nanoparticles Induce Growth Arrest in Human 
Breast Cancer Cells

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

targeted delivery of drugs to tumors [29]. Indeed, the therapeutic molecule must generally 
cross one or more biological membranes before diffusing through the plasma membrane to 
finally gain access to the appropriate organelle where the biological target is located. For 
a drug whose target is located intracellularly, deviating from this ideal path may not only 
decrease the drug’s efficiency but also entail side effects and toxicity. For these reasons, 
the design of carriers small enough to ferry the active substance to the target cell and the 
relevant subcellular compartment was proposed more than 30 years ago [30]. Various types 
of nanoparticles, such as liposomes, polymeric micelles, dendrimers, superparamagnetic 
iron oxide crystals and colloidal gold, have been employed in targeted therapies for cancer 
[31, 32]. Nanocarriers offer unique possibilities to overcome cellular barriers to improve the 
delivery of various drug candidates [26]. Recent studies have demonstrated efficient tumor 
targeting by nanoparticles through an enhanced permeability and retention effect [33-35]. 
The delivery of drug-loaded nanoparticles has achieved success in the treatment of advanced 
thyroid cancer and breast carcinoma [36, 37]. Here, while venom-free nanoparticles had 
no effect on breast cancer cells, the combination of WEV with nanoparticles increased the 
ability of WEV to kill breast cancer cells by 2-fold compared with WEV alone. Despite great 
interest in using nanoparticles  in biomedical applications, a clear understanding of their 
cellular uptake and transport is still lacking. Nanoparticles appear to translocate across cells 
via clathrin- and macropinocytosis-mediated endocytosis [38]. The nanoparticles were also 
shown to be stable within the cytoplasm for at least 24 h and did not colocalize within the 
endosomal pathway. Furthermore, nanoparticle uptake was inhibited approximately 50% 
by genistein, an inhibitor of the caveolae-mediated pathway [39]. However, the clathrin-
mediated endocytosis and macropinocytosis pathways were reduced by 17 and 24%, 
respectively, in the presence of the respective inhibitors. These findings suggest that PLL-g-
PEG-DNA nanoparticles enter by several pathways and might therefore be an efficient and 
versatile tool to deliver therapeutic DNA [40]. Therefore, the combination of nanoparticles 
with WEV significantly enhanced the antitumor effects of WEV. Snake venom is a complex 
mixture of many substances, including toxins, enzymes, growth factors, activators and 
inhibitors, with a wide spectrum of biological activities. Furthermore, synergistic actions 
between the components of WEV likely contribute to the antitumor effects and the 
mechanisms that we observed. Subsequently, fractionation of the WEV components and 
studies of the combination of each fraction with NP are underway. This study revealed the 
unique biological effects of WEV and WEV+NP on breast cancer cells, which may permit 
these compounds to be utilized in treatments for breast cancer.
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