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Abstract. Black widow spiders contain toxic components 
not only in the venom glands but also in other parts of the 
spider body, including the legs and abdomen. Additionally, 
both the eggs and newborn spiderlings of the black widow 
spider contain venom. It is important to investigate their 
potential effects on cancer cells. In the present study, the 
effects of newborn black widow spiderling extract on human 
HeLa cells were evaluated in vitro. When applied at different 
concentrations, the total extract decreased HeLa cell viability 
in a dose-dependent manner, with an IC50 value of 158 µg/ml. 
Flow cytometry indicated that treatment of HeLa cells with 
the total extract of the spiderlings induced apoptosis in HeLa 
cells in a dose-dependent manner and led to cell cycle arrest 
in the S-phase. Additionally, application of the total extract at 
different concentrations increased apoptosis-related caspase 3 
activity in a dose-dependent manner. HeLa cells treated with 
the total extract appeared to be morphologically changed, 
exhibiting membrane blebbing, nuclear fragmentation and 
condensation of chromatin. Further separation and activity 
screening demonstrated that the cytotoxic and apoptotic 
activities of the total extract were attributable mainly to its 
high molecular mass proteins, one of which was purified and 
characterized to determine its anti-tumor activities on HeLa 
cells. The results of the present study therefore have expanded 
understanding regarding the effect of spider toxins on cancer 
cells and suggested that components of black widow spider-
lings may be developed as a promising novel agent to treat 
cancer.

Introduction

Cancer is a leading cause of mortality worldwide (1,2). Globally, 
it is estimated that there are currently >10 million cases of 
cancer diagnosed per year and that there will be ~13.1 million 
cases of cancer-associated mortality per year by 2030 (3). 
Cancer cells are considered to have lost their apoptotic ability 
and undergo accelerated and uncontrolled proliferation. Over 
the past few decades, many studies have been conducted to 
identify the factors that promote uncontrolled proliferation 
of cancer cells and determine how cancer genes affect the 
physiological and biochemical processes (4,5). A number of 
studies have examined the anti-tumor substances found in the 
venoms of various animals including snakes (6), scorpions (7), 
toads (8), bees (9) and spiders (10).

In developing countries, cervical cancer is the most 
commonly diagnosed gynecological tumor (11,12). Globally, 
by 2030 it is estimated that ~500,000 women a year will suffer 
from cervical cancer and the overall number of cervical cancer 
cases will increase by >11 million (13,14). Although a consid-
erable effort has been made, current primary treatments such 
as surgery, chemotherapy and radiotherapy have not achieved 
satisfactory effects (13,15). This is primarily because these 
treatments often destroy the healthy tissues surrounding the 
tumors or cause undesirable side effects (16). In addition, tumor 
cells are able to develop resistance to certain therapies and thus 
weaken the treatment effects (17). It is therefore important to 
develop more efficient drugs that produce fewer side effects to 
treat this disease. Using the cytotoxic and anti-tumor compo-
nents found in animal venom to develop novel pharmaceutical 
compounds may be a potential therapeutic strategy.

The black widow spider is one of the most poisonous 
spiders in the world. It differs from other venomous animals in 
that it not only harbors toxic components in the venom glands, 
but also in other parts of the adult spider body, including the 
legs and abdomen. Furthermore, both the eggs and newborn 
spiderlings of the black widow spider contain venom (18-20). 
Previously, the venom of the spider has been extensively inves-
tigated (21-24). At least seven different latrotoxins have been 
purified and characterized from the venom of the spider. The 
majority of which are targeted against insects and are called 
latroinsectotoxins (LITs; α, β, γ, δ, ε-LIT) (24). Comparatively, 
there are fewer reports on the toxicity of the components 
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outside the venomous glands of black widow spider. In fact, 
a number of studies have demonstrated that the toxins found 
in the eggs and spiderlings of the black widow spider differ 
from those identified in the venom of the adult spider (19,25). 
For example, Kobert (26) conducted a number of experiments 
and concluded that the poison from newborn black widow 
spiderlings produced hemolysis and defects in coagulation. 
Furthermore, it was demonstrated that intradermic injec-
tion of the spiderling extract into rabbits produced localized 
hemorrhages (19). A previous study by the current authors 
demonstrated that abdominal injection of newborn black 
widow spiderling total extract into mice and cockroaches 
caused marked symptoms of poisoning, as well as mortality. 
The extract was able to block neuromuscular transmission in 
isolated mouse nerve-hemidiaphragm preparations and inhibit 
voltage-activated Na+, K+ and Ca2+ channel currents in rat 
dorsal root ganglion neurons (27). These results demonstrate 
that black widow spiderlings are rich in cytotoxic and neuro-
toxic components as well as other bioactive components. Thus 
the spiderling extract may have beneficial effects on killing 
cancer cells (15,16). Obviously, investigation on the effects of 
spiderling extract on cancer cells has important theoretical and 
practical significance. In the present study, the components 
toxic to HeLa cells from the newborn black widow spiderling 
extract were screened and evaluated in vitro. It was determined 
that the extract, particularly its high molecular mass protein 
components, was able to effectively decrease the viability of 
HeLa cells and induce their apoptosis.

Materials and methods

Materials. Fetal bovine serum (FBS; Gibco, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), cell counting kit-8 
(CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, 
Japan), Hoechst 33342 (Beijing Solarbio Science & 
Technology Co., Ltd., Beijing, China), dimethyl sulfoxide 
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), 
dithiothreitol (Sigma-Aldrich, Merck KGaA), N, N, N', 
N'-tetramethylethylenediamine (GE Healthcare Life Sciences, 
Uppsala, Sweden), trihydroxymethy aminomethane (Tris; 
Bio-Rad, Hercules, CA, USA) were used in the present 
study. The caspase 3 activity assay kit (Beyotime Institute of 
Biotechnology, Shanghai, China) and the Bradford protein 
assay kit (P006, Beyotime Institute of Biotechnology) were 
also used. The HeLa cell line was obtained from the Cell 
Bank of the Chinese Academy of Sciences (Wuhan, China; 
cat. no. TCHu 187).

Spiderling total extract preparation and fractionation. 
Aqueous extract was prepared from ~5 g of newly hatched 
spiderlings collected from black widow spider egg sacs 
gathered from the Xinjiang Uighur Autonomous Region of 
China. After the spiderlings were homogenized with a pestle 
in a mortar in deionized water on ice, the homogenate was 
centrifuged at 10,000 x g for 10 min at 4˚C. The supernatant 
was then collected and the pellet was repeatedly homogenized 
in the mortar and centrifuged under the same conditions 
twice. Supernatants were combined and lyophilized or appro-
priately concentrated to increase the protein concentration to 
15-20 mg/ml so it was suitable for subsequent analysis.

To obtain more detailed information regarding the active 
components in newborn spiderlings, the total extract was 
fractionated and the effects of resulting fractions on HeLa 
cells were assessed, respectively. Briefly, the spiderling extract 
was first fractionated by ultrafiltration with a 10 kDa ultrafilter 
(UFC901096, EMD Millipore, Billerica, MA, USA) into a 
high (>10 kDa) and low (<10 kDa) molecular mass fractions. 
For facilitating the fractionation, centrifugation at 5,000 x g for 
10 min at 4˚C was used. Subsequently, the high molecular mass 
fraction was further fractionated into several subfractions with 
HPLC using a gel filtration chromatographic column (2.6 cm 
inside diameter x60 cm long; GE Healthcare Bio-Sciences, 
Pittsburgh, PA, USA) packed with Sephacryl S-100 High 
Resolution (GE Healthcare Bio-Sciences, Pittsburgh, PA, 
USA). The desired subfraction from the gel filtration chro-
matography was selected for further purification by an 
XBridge™ BEH300 C4 reversed-phase column (4.6x150 mm, 
Waters Corporation, Milford, MA, USA) on a Waters High 
Performance Liquid Chromatography with a 996-photodiode 
array detector (HPLC system; Waters Corporation). For the 
chromatographic separation, 50 µl sample (~1 mg protein) was 
loaded each run. Solvent A (0.05% trifluoroacetic acid) and 
solvent B (acetonitrile containing 0.05% trifluoroacetic acid) 
were used as eluting buffers. Flow rate was set at 1.0 ml/min. 
The main eluted peak was collected and lyophilized. The 
molecular mass distribution of the proteins in the subfractions 
and the purity of the purified protein sample were detected 
by SDS-PAGE (11.5% gel) under denaturation conditions 
according to the method of Laemmli (28).

Cell culture. HeLa cells from the Cell Bank of the Chinese 
Academy of Sciences (Wuhan, China) were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher 
Scientific, Inc.) containing 10% FBS, 100 µg/ml streptomycin 
(Sangon Biotech Co., Ltd., Shanghai, China) and 100 U/ml 
penicillin (Sangon Biotech Co., Ltd.) in an incubator at 37˚C, 
with 5% CO2 and saturated humidity. The cells were studied 
at logarithmic growth phase. All procedures were performed 
on a super-clean bench and sterile conditions were maintained.

Effect of spiderling extract on HeLa cell viability. The effects 
of the extract on cell viability were assessed using a CCK-8 
assay. Cells (2x104/well) were seeded in a 96-well microplate 
in a final volume of 100 µl. Following attachment for 48 h, the 
cells in each well were separately treated with the extract at 
different final concentrations [0 (control), 1, 10, 100, 300, 600, 
900 µg/ml]. Then, 10 µl CCK-8 solution was added to each 
well and incubation proceeded at 37˚C for 2 h. Absorbance 
at 450 nm was detected using a Multimode Plate Reader 
(ELx800; BioTek Instruments, Inc., Winooski, VT, USA).

Effects of spiderling extract on cell cycle and apoptosis in HeLa 
cells. The effects of the spiderling extract on the cell cycle and 
apoptosis in HeLa cells were assessed using flow cytometry 
according to the methods previously described (8,29). After 
the HeLa cells were cultured in DMEM medium containing 
10% FBS in 6-well plates (1x106/well) at 37˚C for 24 h, cells 
were incubated for 24 h with different concentrations of the 
extract [0 (control), 1, 10, 40, 60, 80, 100 µg/ml]. Treated cells 
were harvested by centrifugation at 1,000 x g for 3 min at 4˚C, 
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followed by washing twice in PBS at room temperature and 
fixing with 70% ethanol overnight at 4˚C. The ethanol was 
removed by centrifugation at 1,000 x g for 3 min at room 
temperature. Following washing with PBS twice, the cells 
were resuspended in 1X fluorescence‑activated cell sorting 
(FACS) buffer containing 0.2% Triton X-100, 200 µl annexin 
V-FITC (ab14085, Abcam, Cambridge, UK), 50 µg/ml prop-
idium iodide (ab14083, Abcam, Cambridge, UK), 100 µg/ml 
RNase A in PBS, incubated at 4˚C for 30 min in the dark, and 
analyzed using a BD FACSCalibur™ flow cytometer with BD 
FACStation™ software, version 6.1 (BD Biosciences, Franklin 
Lakes, NJ, USA).

Detection of apoptotic morphological changes of HeLa cells 
caused by spiderling extract. HeLa cells were seeded into 
96-well plates (1x106/well) and incubated with the extract  
[0 (control), 1 and 100 µg/ml] for 24 h. Following removal of 
the culture medium, the morphology of the cells was observed. 
For nucleus staining with Hoechst 33342, the cells were 
washed twice with PBS and then fixed in 4% paraformalde-
hyde for 20 min at room temperature, followed by treatment 
with 10 µg/ml Hoechst 33342 solution for 30 min. Following 
three washes with PBS, images were captured by fluorescent 
microscopy (TE2000; Nikon Corporation, Tokyo, Japan).

Effects of spiderling extract on caspase 3 activity in HeLa 
cells. Caspase 3 activity in HeLa cells was measured using a 
commercially available caspase 3 assay kit according to the 
protocol supplied by the manufacturer. Briefly, HeLa cells 
were cultured at 1x106 cells/well in 6-well plates and incubated 
with different concentrations of extract [0 (control), 10, 50, 
100, 150, 200 µg/ml] for 24 h. At the end of the treatment, 
cells were collected and lysed by the addition of lysis buffer 
from the caspase 3 assay kit. Aliquots of the cell lysate were 
added to a 96-well plate and incubated with caspase 3 substrate 
at 37˚C for 2 h. Absorbance in the wells was measured at 
405 nm. The protein in the lysate was quantitatively measured 
using the Bradford protein assay kit (Beyotime Institute of 
Biotechnology, Shanghai, China) following the manufacturer's 
protocol. The relative activity of the caspase 3 to convert its 
substrate (Ac-DEVD-pNA) was expressed as the enzyme 
unit per µg protein, where one enzyme unit is defined as the 
amount of enzyme that will cleave 1.0 nmol of the colorimetric 
substrate Ac‑DEVD‑pNA per hour at 37˚C and under satu-
rated substrate concentrations.

Statistical analysis. All experiments were performed in trip-
licate. One-way analysis of variance was used for statistical 
analysis. Results were expressed as the mean ± standard devia-
tion. Difference was considered statistically significant at a 
confidence interval of 95% (P<0.05) or extremely significant 
at a confidence interval of 99% (P<0.01).

Results

Cytotoxic and apoptotic activities of the total extract. 
Evidence from previous studies has demonstrated that newborn 
black widow spiderlings harbor biologically active compo-
nents (19,20,27). As the first step of a systematic screening 
of the cytotoxic and apoptotic activities against HeLa cells, 

the effects of spiderling total extract on the cell viability, cell 
cycle, apoptosis induction, cell morphology and caspase 3 
activity in HeLa cells were investigated.

Inhibition of HeLa cell viability by the total extract. The effect 
of the spiderling total extract on HeLa cell viability was inves-
tigated. Following treatment of the cells were treated with 
different concentrations (0, 1, 10, 100, 300, 600 and 900 µg/ml) 
of the spiderling total extract for 48 h, a CCK-8 assay was used 
to assess cell viability. The total extract was found to decrease 
cell viability in a dose-dependent manner (Fig. 1). When the 
total extract was applied at the aforementioned concentrations, 
compared with the control (100%), the respective cell viabili-
ties of HeLa cells were 90.61±4.50 (P<0.05), 87.66±2.04, 
71.17±1.43, 26.92±2.193, 16.08±1.503 and 1.52±0.323% (all 
P<0.01). The half maximal inhibitory concentration (IC50) was 
calculated to be 158 µg/ml.

Effects of the total extract on apoptosis and the cell cycle 
in HeLa cells. Following incubation of HeLa cells with the 
spiderling total extract at concentrations of 0, 1, 10, 40, 60, 
80 and 100 µg/ml for 24 h, the effects of the extract on the 
apoptosis induction and cell cycle in HeLa cells were assessed 
using flow cytometry. Fig. 2A presents the dose-response 
effects of the total extract on the apoptotic rate of HeLa cells. 
It was observed that when the concentration of the extract was 
1 µg/ml, the apoptotic rate (0.79±0.19%) of the HeLa cells did 
not differ significantly from the control. However, at concen-
trations of ≥10 µg/ml greater, apoptotic rates increased in a 
dose-dependent manner, to 2.18±0.51, 14.33±0.97 (P<0.05), 
16.70±1.09, 18.68±0.07 and 30.60±2.35% (P<0.01). These data 
indicate that the total extract of the black widow spiderling 
contains bioactive components that can induce apoptosis in 
HeLa cells.

The present study analyzed the cell cycle profiles of HeLa 
cells incubated with 0, 1, 10 and 100 µg/ml total extract 
(Fig. 2B). In the control group, the percentages of the cells in 
the G0/G1, S and G2/M phase were 60.74±0.08, 20.60±4.23 and 
18.66±4.31%, respectively. Following treatment of the cells for 
24 h with the extract at lower concentrations (1 and 10 µg/ml), 
the percentage of the HeLa cells in the G0/G1 phase decreased 
to 57.10±1.23 and 52.25±1.42%, respectively and the propor-
tion of the cells in the S-phase increased to 24.01±2.23 and 
30.08±1.09% (P<0.05), respectively, whereas the percentage of 
cells in the G2/M phase was not evidently changed (18.89±4.0 
and 17.67±1.95%). However, when the extract concentration 
was increased to 100 µg/ml, the percentages of HeLa cells in 
the G0/G1, S and G2/M phases were 57.67±6.35, 17.10±11.62 
and 25.23±6.03%, respectively, and were not significantly 
different from those of the control.

Observations of morphological changes and apoptosis in 
HeLa cells treated with the total extract. Effect of the spider-
ling total extract on HeLa cell morphology and apoptosis are 
shown in Fig. 3. In the control group, the morphology of cells 
was normal and uniform. Application of the extract induced 
clusters of HeLa cells and morphological changes in some 
cells. Treatment with 1 µg/ml extract caused a number of cells 
to cluster, however no obvious changes in cellular morphology 
was observed. Following treatment with 100 µg/ml extract for 
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24 h, the bulk of the cells appeared to be undergo morpho-
logical changes, including membrane blebbing and apoptotic 
body formation (Fig. 3A). Nucleus staining of HeLa cells with 
Hoechst 33342 and fluorescence microscopy were used to 
further evaluate the effect of the extract on apoptosis (Fig. 3B). 
It was demonstrated that treatment with the extract led to an 
increase in the number of HeLa cells exhibiting a bright blue 
color, nuclear fragmentation and condensation of chromatin, 
all of which are typical characteristics of apoptotic cells. This 
demonstrates that the extract is able to induce apoptosis.

Stimulation of HeLa cell caspase 3 activity by the total extract. 
In order to determine the effect of the total extract on caspase 
3 activity in HeLa cells, the cells were incubated with the total 
extract at different concentrations for 24 h. HeLa cells were 
subsequently separated from the culture and lysed prior to the 
caspase 3 activity assay. Enzyme activity was expressed as 
enzyme unit (U) per µg protein. The results demonstrated that 
following incubation of the HeLa cells with 0, 10, 50, 100, 150 or 
200 µg/ml extract, the corresponding activities of the caspase 3 in 
HeLa cell lysate were 421.65±10.32, 438.77±11.93, 870.98±8.78, 
1,061.28±35.42, 1,111.03±68.88 and 1,226.68±76.28 U/µg 
protein, respectively. Compared with the control, concentrations 
of the extract >10 µg/ml significantly increased the activity of 
caspase 3 in the HeLa cells (P<0.01; Fig. 4).

Activity detection of low molecular mass fraction. After the 
spiderling total extract was fractionated into high molecular 
mass and low molecular mass fractions, the effects of the 
low molecular mass fraction on HeLa cell morphology and 
apoptosis induction were investigated. The results demon-
strated that the low molecular mass fraction at experimental 
concentrations (1 and 100 µg/ml) did not induce evident 
morphological changes in HeLa cells (Fig. 5), suggesting that 

the effects of the total extract on morphology and apoptosis 
induction in HeLa cells were not caused by low molecular 
mass components in the spiderling extract.

In addition, the effect of the low molecular mass fraction 
on HeLa cell viability was measured. The results (Fig. 6) 
determined that the components in this fraction had no 
significant effect on the HeLa cell viability at any concentra-
tion (P>0.05), suggesting that the inhibitory effect of the total 
extract on HeLa cell viability was primarily attributable to the 
high molecular mass fraction.

Further separation and activity analysis of high molecular 
mass fraction. To further evaluate the roles of the high molec-
ular mass fraction, further separation and activity analysis 
of the fraction was performed. Proteins in the fraction were 
further fractionated into four primary subfractions based on 
their sizes using gel filtration chromatography and named 
P1, P2, P3 and P4 (profile not shown). SDS‑PAGE indicated 
that P1 was primarily composed of proteins >35 kDa whereas 
P4 was composed primarily of proteins <15 kDa (Fig. 7A). 
Furthermore, the effects of the subfractions P1-P4 at concen-
trations of 100 µg/ml on cell viability were determined and it 
was revealed that all subfraction samples could significantly 
decrease the viability of HeLa cells (P<0.01; Fig. 7B). This 
suggests that all the subfractions contain proteinaceous 
components that strongly decrease cell viability.

As observed in Fig. 7A, of the four subfractions, the purity 
of P3 was highest and the subfraction contained one high-abun-
dance band. Therefore, subfraction P3 was selected for further 
purification with RP‑HPLC using a C4 reversed-phase column. 
The elution curve (Fig. 8) showed a symmetric main peak that 
was collected for SDS-PAGE analysis. Gel electrophoresis 
demonstrated that the protein had been purified and had a 
molecular mass of ~23 kDa (inset in Fig. 8). This purified 
protein was temporarily named PP23.

To investigate whether the PP23 protein has cytotoxic 
and apoptotic activities against HeLa cells, the effects of this 
protein on the cell cycle, cell viability and caspase 3 activity in 
HeLa cells were detected. The cell cycle profiles of HeLa cells 
treated with 0, 1, 5 and 10 µM PP23 protein were analyzed by 
flow cytometry and the results are presented in Table I. The 
percentage of the cells in the G0/G1 phase decreased as the 
concentration of PP23 protein increased, whereas that of the 
cells in the S-phase remained relatively constant. By contrast, 
the percentage of the cells in G2/M phase increased as the 
concentration of the applied PP23 protein increased. These 
data suggest that the PP23 protein is able to induce G2/M 
phase arrest.

When the effect of the PP23 protein on HeLa cell viability 
was investigated, it was found that following incubation of HeLa 
cells with PP23 protein at different concentrations (0, 0.01, 0.1, 
1, 5, 10 and 30 µM), the viabilities of the treated groups were 
80.6±1.70, 80.27±1.27, 74.85±0.49, 60.17±1.19, 48.4±1.45 and 
32.3±1.92% of that of the control, respectively, with IC50 being 
10.2 µM. Compared with the control, all the treatments, with 
the exception of 0.01 µM PP23 protein (P<0.05), significantly 
decreased the viability of HeLa cells (P<0.01; Fig. 9A).

Following incubation of HeLa cells with different concen-
trations of PP23 protein (0, 1, 5 and 10 µM) for 24 h, caspase 
3 activity in HeLa cells was determined. The corresponding 

Figure 1. Effect of spiderling total extract on HeLa cell viability. Following 
incubation of HeLa cells with different concentrations of the extract (0, 1, 10, 
100, 300, 600 and 900 µg/ml) for 48 h, they were subjected to a cell counting 
kit-8 assay. The percentage of cell viability was calculated for each group by 
normalization of the readings at 450 nm against the absorbance of untreated 
control HeLa cells, which was determined as 100% cell viability. Data were 
represented as the mean ± standard deviation from three independent experi-
ments. *P<0.05 and **P<0.01 vs. control.
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enzyme activities are presented in Fig. 9B. In the control 
group, caspase 3 activity was 421.65±10.32 U/µg protein. 
Addition of 1, 5 and 10 µM PP23 protein increased the activity 
to 529.48±7.89, 667.35±7.78 and 710.04±2.80 U/µg protein, 
respectively (all P<0.01).

Discussion

It is commonly accepted that the anti-tumor effect of cancer 
drugs is primarily based on inducing apoptosis, blocking DNA 
synthesis, causing DNA damage and attenuating mitosis (30). 
Therefore, for over half a century, cytotoxic agents have been 
studied as a possible treatment for cancer. Many types of animal 
venom have been found to exert high toxicity on HeLa cells, 
such as the venoms of toad (8), spider (10), snake (31) and scor-
pion (32), indicating that these venoms or their components may 
be utilized as anti-cervical cancer agents.

The anticancer potential of snake venom/toxin(s) has been 
more extensively studied compared with that of other animal 
venoms in the field of animal toxin research (6,15). It has been 
determined that a number of snake venoms and their protein-
aceous components can inhibit the tumorigenicity of cancer 
cells, including HeLa cells. For example, Karthikeyan et al (31) 
investigated the inhibition of HeLa cell proliferation in vitro 
using Lapemis curtus (Shaw 1802) venom and found that 
treatment with 6.50 µg/ml venom for 24 h effectively inhibited 
cancer cell proliferation.

The venom from the Cuban scorpion Rhopalurus junceus 
was demonstrated to exert anticancer effects against HeLa 
cells in vitro, as evidenced by membrane blebbing, apoptotic 

Figure 2. Effects of the total extract on cell cycle and apoptosis induction in HeLa cells. HeLa cells were treated with different concentrations of the total 
extract for 24 h and then cell cycle and apoptotic rate were analyzed using flow cytometry. (A) Apoptotic rate in HeLa cells caused by treatment with different 
concentrations (0, 1, 10, 40, 60, 80 and 100 µg/ml) of extract. *P<0.05 and **P<0.01 vs. control. (B) Representative cell cycle profiles of HeLa cells incubated 
with the extract at the concentrations of 0, 1, 10 and 100 µg/ml.

Figure 3. Observations on morphological changes and apoptosis induction in 
HeLa cells treated with different concentrations (0, 1 and 100 µg/ml) of total 
spiderling extract. (A) Morphology of HeLa cells incubated with the extract 
at different concentrations. (B) HeLa cells were incubated with the extract 
and their nuclei were visualized by Hoechst 33342 staining and fluorescence 
microscopy. Figure 4. Effect of spiderling total extract on caspase 3 activity in HeLa 

cells. Following incubation of HeLa cells with different concentrations of the 
extract (0, 10, 50, 100, 150 and 200 µg/ml), caspase 3 activity in HeLa cells 
was measured using a commercially available caspase 3 assay kit according 
to the manufacturer's protocol. Relative activity of the caspase 3 to convert its 
substrate was expressed as enzyme unit per µg protein. **P<0.01 vs. control.
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bodies, nuclear margination and chromatin condensation that 
occurred in the cells (32). However, the sensitivity of HeLa cells 
to scorpion venom may vary with the source of the venom. 
Contreras-Ortiz et al (33) found that the venom from the scor-
pion Centruroides limpidus was not detrimental to HeLa cell 
cultures. HeLa cells had high survival rates following exposure 
to the venom, which did not induce apoptosis and there was 
no evidence of chromatin condensation or DNA fragmenta-
tion (33). Zhang et al (8) investigated the effects of toad venom 
on HeLa cells by preparing solid lipid nanoparticles loaded with 
toad venom extract and comparatively studied the anti-tumor 
effects of such nanoparticles and toad venom extract on HeLa 
cells in vitro. It was revealed that treatment of HeLa cells with 
toad venom resulted in gradual changes in cell morphology; 
the toad venom extract and nanoparticles loaded with the 
venom inhibited the proliferation of HeLa cells in a dose- and 
time-dependent manner, and the nanoparticles enhanced the 
inhibitory activity of toad venom in HeLa cells (8). These results 

indicate that toad venom may be a promising novel treatment 
for cancer.

Similar to other animal venoms, spider venom is a mixture 
of numerous bioactive components. It exhibits high cytotoxicity 
and may be used as a potential cancer therapy. For example, 
when the effects of spider Macrothele raven venom on cell 
proliferation and cytotoxicity in HeLa cells were investigated, it 
was found that the venom could markedly alter the morphology 
of the cells, and cause dose- and time-dependent inhibition of 
HeLa cell proliferation. The venom was demonstrated to inhibit 
the HeLa cells in three ways: Induction of apoptosis, neurosis 
of toxicity damage and direct lysis (10). In the present study, the 
black widow spiderling extract, a virtual spider ‘venom’, was 
shown to exhibit anticancer activity against HeLa cells in a way 

Figure 5. Observations on morphological changes and apoptosis induction in 
HeLa cells treated with different concentrations (0, 1 and 100 µg/ml) of the low 
molecular mass fraction from the spiderling total extract. (A) Morphology of 
HeLa cells incubated with the fraction at different concentrations. (B) HeLa 
cells were incubated with the fraction and their nuclei were visualized by 
Hoechst 33342 staining and fluorescence microscopy.

Figure 6. Effect of the low molecular mass fraction from the spiderling total 
extract on HeLa cell viability. Following incubation of HeLa cells with the 
fraction at different concentrations (0, 1, 10 and 100 µg/ml) for 48 h, they 
were subjected to a cell counting kit-8 assay. The percentage cell viability 
was calculated for each group by normalization of the readings at 450 nm 
against the absorbance of untreated control HeLa cells, which was designated 
as 100% cell viability. Data were represented as the mean ± standard devia-
tion from three independent experiments.

Figure 7. SDS-PAGE of high molecular mass fraction and its subfractions P1 
to P4 from (A) gel filtration chromatography and (B) detection of effect of the 
subfractions on HeLa cell viability. Lane M, molecular mass marker; Lane F, 
high molecular mass fraction; Lanes P1 to P4, subfractions P1 to P4 from gel 
filtration chromatography. HeLa cells were seeded in 96‑well culture plates 
and separately treated with the subfractions at a concentration of 100 µg/ml. 
Following incubation for 48 h, cells were subjected to a cell counting kit-8 
assay. Data were represented as the mean ± standard deviation from three 
independent experiments. **P<0.01 vs. control.

Figure 8. Reversed phase‑high‑performance liquid chromatography profile 
of the P3 subfraction from gel filtration chromatography. Inset shows the 
SDS-PAGE image of the resultant desired peak (*), which demonstrated that 
the protein was purified to electrophoretic purity.
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somewhat similar to that of some other animal venoms. When 
applied at various concentrations (1-900 µg/ml), the spiderling 
total extract decreased HeLa cell viability in a dose-dependent 
manner, with the IC50 being 158 µg/ml (Fig. 1).

To determine the mechanism of cell viability inhibition 
caused by the total extract, the effect of the total extract on 
apoptosis was investigated in HeLa cells. The results indicated 
that the total extract contained active components able to 
induce apoptosis in HeLa cells. These results were supported 
by the changes in cell morphology and the increase in caspase 
3 activity observed in HeLa cells treated with the total extract. 
Caspase 3 is one of the key executioners of apoptosis. During 
the execution phase of apoptosis, caspase 3 is responsible either 
wholly or in part for the proteolytic cleavage of numerous key 
proteins (34).

The normal growth of cells depends on strictly controlled 
stages of the cell cycle (35). A number of anti-cancer agents 
have been reported to arrest the cell cycle at specific points and 
thereby induce apoptotic cell death (36,37). Furthermore, it has 
been demonstrated that several animal venoms contain bioactive 
components that induce apoptosis and necrosis of HeLa cells 
by altering the cell cycle distribution. Gao et al (10) reported 
that following treatment with spider Macrothele raven venom, 
the number of HeLa cells in the S and G2/M phases decreased 
and the percentage of cells in the G0/G1 phase increased. It was 
thus concluded that the inhibitory effect of the spider venom on 
growth of the cells may result from G0/G1 cell cycle arrest (10). 

However, different venoms may block the cell cycle of HeLa 
cells at different points. It was indicated that toad venom from 
Bufo bufo gargarizans Cantor or Bufo melanostictus Schneider, 
different from the aforementioned spider venom, decreased the 
percentage of HeLa cells in the G0/G1 phase and increased the 
number of HeLa cells in the S and G2/M phases. Thus, the S and 
G2/M phases were blocked following the incubation of HeLa 
cells with the toad venom (8).

In the present study, S-phase arrest was observed in HeLa 
cells treated with spiderling total extract 10 µg/ml. DNA content 
and distribution of HeLa cells detected by flow cytometry 
indicated that the total extract applied in a relative low concen-
tration range (1, 10 µg/ml) blocked the cells in the S-phase 
in a dose-dependent manner, while a higher concentration of 
the extract (100 µg/ml) directly induced apoptosis of a high 
percentage of cells (30.60±2.35%). These results indicate that 
the spiderling total extract can efficiently inhibit cell growth and 
induce cell apoptosis in HeLa cells with a markedly different 
action mechanism from that of spider Macrothele raven venom, 
but a similar mechanism to that of toad venom.

The spiderling total extract is a complex mixture. To 
further characterize the cytotoxic and apoptotic activities of 
the extract, it was divided into high- and low- molecular-mass 
fractions and it was revealed that such activities were primarily 
attributed to the proteins with higher molecular masses. This 
seems to differ from other animal venoms, including snake 
venom, of which a number of proteins and low molecular 
mass peptides are able to efficiently inhibit the proliferation of 
HeLa cells (6,31,38). After the high molecular mass fraction 
was further separated into four subfractions, all were found to 
significantly decrease cell viability (P<0.01), indicating that the 
fraction was rich in the relevant active proteins. The purified 
PP23 protein was demonstrated to be one such active protein. 
The experimental results demonstrated that the PP23 protein 
decreased HeLa cell viability, stimulated caspase 3 activity and 
induced cell cycle arrest in HeLa cells. It is important to point 
out that the PP23 protein blocked the HeLa cell cycle in the 
G2/M phase, which differed from the mechanism of action of 
the spiderling total extract, which induced S-phase arrest. This 
observation suggests that there are other active proteins in the 
total extract that affect the cell cycle with different mechanisms. 
Further studies are required to determine the mechanism of 
action of these other proteins.

In conclusion, the current study has demonstrated that the 
newborn black widow spiderling total extract possesses strong 
cytotoxic and apoptotic activities against HeLa cells. It is able 
to induce apoptosis, alter cell morphology, arrest the cell cycle 
and decrease cell viability. It was determined that the proteins 
with higher molecular masses in the total extract were the 
primary substances responsible for the anticancer activity. 
This was supported by the observations of PP23 activity, a 
23 kDa‑protein purified from the total extract. Therefore, the 
high molecular mass proteins contained within the black widow 
spiderling extract may be developed as a novel treatment for 
cervical cancer.
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