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ORIGINAL ARTICLE

Scorpion venom cytolytic peptide Smp43 induces caspase- 
dependent apoptosis in ovarian carcinoma cell line OVCAR-3
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Ismail M. Abdel-Nabia, Prashant P. Sharmad and Mohamed A. Abdel-Rahman a
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Faculty of Science, Suez Canal University, Ismailia, Egypt; dDepartment of Integrative Biology, University of Wisconsin- 
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ABSTRACT
Ovarian cancer ranks as the sixth most prevalent type of gynecological cancer. 
Smp43, a cationic antimicrobial peptide isolated from the scorpion venom of 
Scorpio maurus palmatus, exhibits notable antibacterial, against both Gram- 
positive and Gram-negative bacteria, and antifungal activities. This study eval
uates the anti-cancer efficacy of Smp43 and examines its effects on cell 
viability, cell cycle progression, apoptosis, necrosis, and oxidative stress in a 
human ovarian cancer cell line (OVCAR-3). Smp43 significantly reduced the 
viability of OVCAR-3 cells compared to the normal fibroblast cell line WI-38, 
with IC50 values of 7.75 µg/mL and 29.50 µg/mL, respectively. The peptide 
effectively caused G1 phase cell cycle arrest and apoptosis in OVCAR-3 cells. 
It modulated apoptotic markers by downregulating the pro-survival marker 
Bcl-2 while upregulating the pro-apoptotic markers Bax, p53, caspase-3, cas
pase-8, and caspase-9. Additionally, Smp43 significantly increased DNA frag
mentation in OVCAR-3 cells and decreased antioxidant parameters. These 
findings suggest that Smp43 possesses potential anti-ovarian carcinoma prop
erties, exerting its effects through mechanisms involving apoptosis induction, 
necrosis, G1 cell cycle arrest, and inhibition of the antioxidant defense system.

ARTICLE HISTORY 
Received 5 June 2025  
Revised 30 July 2025  
Accepted 27 August 2025 

KEYWORDS 
Apoptosis; necrosis; ovarian 
cancer; scorpion venom 
antimicrobial peptide; 
Smp43; Scorpio maurus 
palmatus

CONTACT Mohamed A. Abdel-Rahman mohamed_hassanain@science.suez.edu.eg Zoology Department, Faculty of Science, 
Suez Canal University, Ismailia 41522, Egypt

Supplemental data for this article can be accessed online at https://doi.org/10.1080/2314808X.2025.2555776

EGYPTIAN JOURNAL OF BASIC AND APPLIED SCIENCES 
2025, VOL. 12, NO. 1, 300–316 
https://doi.org/10.1080/2314808X.2025.2555776

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article 
has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0003-4454-6390
http://orcid.org/0000-0003-3862-5535
https://doi.org/10.1080/2314808X.2025.2555776
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2314808X.2025.2555776&domain=pdf&date_stamp=2025-09-11


Smp43, a scorpion venom-derived peptide, selectively induces apoptosis in 
ovarian cancer cells (OVCAR-3) by activating intrinsic and extrinsic pathways. 
Mechanistically, Smp43 upregulates pro-apoptotic Bax and p53, downregulates 
anti-apoptotic Bcl-2, and triggers caspase-3, -8, and -9 activation.

Introduction

Ovarian cancer is the sixth most prevalent type of 
gynecological cancer [1]. It is the second most 
lethal kind of cancer in women after breast cancer 
[2]. High death rates are associated with the late 
discovery of ovarian cancer, when the tumor has 
already metastasized to other organs, making 
early detection critical for providing efficient ther
apy [3]. Cancer patients treated with classical che
motherapy frequently have cumulative adverse 
effects and are more likely to develop treatment 
resistance [2]. Accordingly, it is critical to identify 
more effective therapeutic agents that can over
come these crucial side effects and drug 
resistance.

Natural products as anti-cancer agents are 
a viable treatment option due to their acces
sibility, selectivity, and low cytotoxicity [4]. 
Animal venoms and toxins have been known 
to humans for generations as a possible 

bioresource and therapeutic aid through folk 
and traditional knowledge [5]. Venoms con
tain various bioactive components, including 
proteins and peptides that can work enzyma
tically or nonenzymatically, and these compo
nents show great promise in treating cancer 
and other disorders [6,7]. Venom components 
are selective, stable, and potent molecules, 
making them promising therapeutic options 
for treating various diseases, including cancer 
[8]. Scorpion venom is a natural biological 
resource with components that can cause 
death but also have therapeutic potential [9– 
11]. Peptides isolated from scorpion venom 
have been demonstrated to limit cancer cell 
proliferation by disrupting cell membranes, 
inhibiting voltage-dependent ion channels, 
or interfering with the cellular process by tar
geting specific cellular structures [12–14].

Antimicrobial peptides (AMPs) have a variety 
of functions, including immunomodulatory and
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anti-cancer properties [15]. Cationic amphi
pathic peptides have the potential to be a 
selective and refractory source of developing 
novel anti-cancer drugs due to the higher levels 
of phosphatidylserine (negatively charged) on 
the surface of cancer cells compared to normal 
cells [16]. Smp43 is a cationic peptide isolated 
from the venom of the scorpion Scorpio maurus 
palmatus collected from Egypt [17]. Smp43 has 
been revealed to exhibit high antibacterial 
activity against Gram-positive and Gram-nega
tive bacteria, as well as antifungal activity [18]. 
Smp43 also strongly inhibits tumor growth 
through various cellular and molecular path
ways, including apoptosis, pyroptosis, autop
hagy, necrosis, and cell cycle arrest via 
mitochondrial malfunction and membrane rup
ture in leukemia cell lines myeloid KG1-a and 
lymphoid CCRF-CEM [19,20], human HepG2 
[21], breast cancer cell lines MDA-MB-231 and 
MCF-7 [22] and non-small-cell lung cancer A549 
cells [12]. In addition, Smp43 exhibits anti- 
tumor efficacy in the HepG2 xenograft mice 
model by reducing tumor size [21]. Previously, 
fast-scan atomic force microscopy (AFM) 
revealed that scorpion venom peptide Smp43 
disrupts both prokaryotic and eukaryotic model 
lipid membranes through a common mechan
ism called DLD (diffusion-limited disruption). 
DLD involves elements of both the carpet 
model and pore formation [23]. The present 
work assessed the anti-cancer efficacy of 
Smp43 and investigated its impact on cell via
bility, cell cycle, apoptosis, necrosis, and oxida
tive stress in a human ovarian cancer cell line.

Materials and methods

Chemicals and reagents

Biowest (Maine et Loire, France) provided the 
RPMI-1640 Medium Liquid with L-glutamine, 
phosphate-buffered saline (PBS), and antibio
tics (penicillin and streptomycin), while 
Seralab (UK) provided the fetal bovine serum 
(FBS). Trypsin was purchased from Sigma (USA), 

while dimethyl sulfoxide (DMSO) was obtained 
from Amresco (USA). MTT is available from 
Lonza Verviers SPRL in Belgium. Annexin V- 
FITC stain kit was obtained from BioVision 
Research Products (CA 94,043, USA). Oxidative 
stress kits were obtained from Bio-diagnostics 
Company (El Motor St, Dokki, Egypt).

Scorpion venom peptide Smp43

The scorpion venom peptide Smp43 
(GVWDWIKKTAGKIWNSEPVKALKSQALNAA- 
KNFVAEKIGATPS) [17,24] was synthesized using 
solid-phase chemistry. The synthesis was per
formed by the company Davids Biotechnologie 
GmbH (Deutschland, Germany) with a purity 
greater than 90% (the Raman analysis of 
Smp43 is provided as supplementary materi
als S1).

Culture of cell lines

The human ovarian cancer cell line OVCAR-3 
and normal fibroblast cell line WI-38 were 
obtained from VACSERA (Egypt). OVCAR-3 was 
cultured in RPMI-1640 medium supplemented 
with L-glutamine, 10% FBS, and 1% antibiotic. 
The cells were incubated in 5% CO2 in a humi
dified 37°C environment for growth. The culture 
was sub-cultured every 2–3 days and inspected 
for contamination using an inverted 
microscope.

Cytotoxicity of Smp43 using MTT assay

The MTT assay (3-[4, 5-methylthiazol-2-yl]-2, 5- 
diphenyl-tetrazolium bromide) was used to 
assess the effect of Smp43 on the viability of 
cell lines [25]. WI-38 and OVCAR-3 cells were 
treated for 24 hours with different concentra
tions of Smp43 (100, 25, 6.25, 1.6, and 0.4 µg/ 
mL) dissolved in phosphate-buffered saline 
(PBS). Following the measurement of cell 
count and vitality with trypan blue dye, cells 
(1 × 104 cells/well) were planted on a 96-well 
plate and left to adhere for 24 hours. The
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following day, cells were incubated for 24 hours 
in a fresh medium containing the indicated 
concentrations of Smp43. After incubation, 
each well was treated with 10 µL of MTT (5  
mg/mL in PBS) before incubating the plates 
for 4 hours. Following the incubation, 100 µL 
of DMSO was poured into each well, gently 
mixed using a pipette, and the plates were 
incubated for 10 minutes at room temperature 
to precipitate formazan crystals. The optical 
density at 540 nm was then evaluated using a 
Bio-Tek microplate reader to calculate the num
ber of living cells. The absorbance at 720 nm, 
representing background levels in multiwell 
plates, was measured and subsequently 
deducted from the absorbance recorded at 
540 nm. Staurosporine (Sigma), an apoptosis 
inducer, was used as a positive control.

The tests were carried out three times. The 
following formula was used to calculate the 
percentage of cell viability: 

To determine the 50% inhibitory concentration 
(IC50), GraphPad Prism software was used to 
plot the concentration–response curves for 
each dose.

Apoptosis assay (annexin V-FITC/PI 
staining)

Apoptosis was detected in cells using the 
Annexin V-FITC stain kit by flow cytometer 
(FACSCalibur, Becton-Dickinson, USA). 
OVCAR-3 cells were added to a 6-well culture 
plate (3 × 105 cells/well) and cultured at 37°C 
and 5% CO2 for 24 hours. After this period, 
Smp43 (IC50; 7.75 μg/ml) was added, and the 
cell culture was incubated for 24 hours 
before being harvested by trypsinization. 
PBS was used to wash the cells twice, fol
lowed by centrifugation. The pellet was sus
pended in 500 µL of Annexin V binding 
buffer and stained with Annexin V-FITC and 

propidium iodide following the manufac
turer’s protocol. For 5 minutes, cells were 
incubated in the dark at room temperature, 
and a flow cytometer was used to measure 
their mean fluorescence intensities. Annexin 
V− and PI− cells, annexin V−, PI+, annexin V+, 
PI− and annexin V+, and PI+ were all 
reported as percentages of living cells, necro
tic cells, early apoptotic cells, late apoptotic/ 
dead cells, respectively [26]. After treatment 
with the Smp43 peptide, the percentage of 
apoptotic cells was measured and compared 
to that of untreated cells.

Cell cycle assay using flow cytometry

The cell cycle distribution of OVCAR-3 cells 
was checked using propidium iodide (PI) 
staining [27]. The cells were seeded in 6- 
well plates and cultured until the cell density 
reached 80%. After treatment with IC50 of 
Smp43 (7.75 μg/ml), 1 × 106 cells were col
lected to analyze the cell cycle distribution 
and fixed in 70% ethanol at 4°C overnight. 
The cells were then labeled for 30 minutes 
with PI (1 mg/mL) in the presence of 1% 
RNase. A flow cytometer at 488 nm excitation 
and 630 nm emission wavelengths was used 
to determine the percentages of cells in the 
G0/G1, S, and G2/M stages.

Real time‑PCR assay of apoptosis‑related 
genes

OVCAR-3 cells (2 × 105/w ell) seeded on 24- 
well culture plates were cultured for 
24 hours. Then, control and treated (IC50; 
7.75 μg/ml of Smp43) cell cultures were incu
bated for 24 hours. Total RNA was isolated 
from cells using Trizol reagent (Qiagen RNA 
extraction) [28], and RT-PCR was performed 
using BioRad SYBR green PCR MMX accord
ing to the manufacturer’s instructions for the 
bax, Bcl-2, p53, caspase3, caspase8 and cas
pase9 genes. The PCR primers (Table 1) to 
amplify products within target and control
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sequences were designed by Rotor-Gene RT- 
PCR Software 1.7 (Build 87), Corbett 
Research, a Division of Corbett Life Science. 
The intensity of each gene was standardized 
based on its β-actin levels, and the relative 
standard curve approach was employed for 
analysis. The results were determined as the 
mean ± standard error of the mean of tripli
cate experiments.

Detection of DNA fragmentation by 
agarose gel electrophoresis

Ovarian cancer cells were incubated at 37°C 
with IC50 of Smp43 (7.75 μg/ml) for 24 hours. 
To release DNA, the nuclei of the cells were 
ruptured using the lysis solution of 0.2% 
Triton X-100, 10 mM Tris, and 1 mM EDTA 
(pH 8.0).” DNA was extracted from the super
natant using a 25:43:1 (v/v/v) equal volume of 
phenol, chloroform, and isoamyl alcohol. TE 
buffer was utilized to dissolve the DNA after 
ethanol precipitation and air-drying with ‘5  
mM Tris-HCl (pH 8.0) and 20 mM eidetic acid 
containing RNase A (0.1 mg/mL; Sigma).’ 
Electrophoretically, the specimens were exam
ined on a 1% agarose gel containing 0.1 µg/ 
mL ethidium bromide [29].

Western blot of cell proliferation/migration/ 
invasion‑related proteins

Western blot assay evaluated the expression of 
cell proliferation/migration/invasion‑related 
proteins in treated and untreated cells [30]. 
Ovarian cancer cell lysates were prepared in 
RIPA buffer after being treated with Smp43 
(IC50; 7.75 μg/ml) for 24 hours in 6-well plates, 
and the SDS-polyacrylamide gel was then 
loaded with protein samples and transferred 
to polyvinylidene fluoride (PVDF) membranes 
via electrophoresis after being separated. 
PVDF membranes were blocked using 5% milk 
in 1× TBS solution (tris-buffered saline) contain
ing 0.05% (v/v) Tween® 20 for 4 hours at room 
temperature, followed by seven washings with 
1× TBS and 1× TBST (tris-buffered saline with 
Tween® 20) alternatively. Membranes were then 
treated overnight at 4°C with primary antibody, 
followed by an hour-long treatment with sec
ondary antibody at room temperature, and 
finally detected by ECL (enhanced chemilumi
nescence) reagents. The optical density of 
bands was captured by a CCD camera-based 
imager (Biorad), and the band intensities were 
then quantified by Image Lab (Biorad), and the 
relative protein expression levels were normal
ized to β-actin.

Oxidative stress biomarkers

OVCAR-3 cells (2 × 106 cells/mL in complete 
RPMI medium) were incubated with IC50 

(7.75 μg/mL) of Smp43 venom peptide for 
24 hours at 37°C. The cells were harvested by 
centrifugation at 3000×g, and then the super
natant was collected. Using a colorimetric 
method, the supernatants were used for the 
determination of glutathione reduced (GSH) 
form [31], catalase (CAT) [32]; nitric oxide (NO) 
[33]; and malondialdehyde (MDA) [34]. Every 
test was performed according to the manufac
turer’s guidelines of Bio-diagnostics Company 
(El Motor St, Dokki, Egypt).

Table 1. Summary of primer sequences for the genes 
of Bax, Bcl-2, P53, caspase3, caspase8, caspase9 and β- 
actin used in RT-PCR assay.

Gene marker Primer sequence

BAX F: 5’-ATGGACGGGTCCGGGGAG-3’ 
R: 5’-ATCCAGCCCAACAGCCGC-3’

Bcl-2 F: 5’-AAG CCG GCG ACGACT TCT-3’ 
R: 5’-GGT GCC GGT TCA GGTACT CA-3’

P53 F: 5’-ATGTTTTGCCAACTGGCCAAG −3’ 
R: 5’-TGAGCAGCGCTCATGGTG-3’

Caspase-3 F: 5’-TGTTTGTGTGCTTCTGAGCC −3’ 
R: 5’-CACGCCATGTCATCATCAAC −3’

Caspase8 F: 5’-AGAAGAGGGTCATCCTGGGAGA-3’ 
R: 5’-TCAGGACTTCCTTCAAGGCTGC-3’

Caspase9 F: 5’-CATTTCATGGTGGAGGTGAAG-3’ 
R: 5’-GGGAACTGCAGGTGGCTG-3’

β-actin F:5’-ATC GTG GGG CGC CCC AGG CAC-3’ 
R:5’ -CTC CTT AAT GTC ACG CAC GAT TTC-3’
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Statistical analysis

GraphPad Prism 9.5.0 (GraphPad Software Inc., 
CA, USA) was used to do all the statistical ana
lysis, and the data is presented as mean ± stan
dard error (SEM). The statistically significant 
difference was defined as p ≤ 0.05, while high 
levels of significance were referred to as **p ≤  
0.01and ***p ≤ 0.001. An unpaired Student’s T- 
test was performed to assess the significance of 
differences between the two groups (control 
and treated groups). One-way ANOVA was 
used to compare between more than two 
groups.

Results

Cytotoxicity of Smp43

The toxicity of Smp43 and staurosporine 
(0.40, 1.60, 6.25, 25, and 100 µg/ml) on the 
cancer cell line (OVCAR-3) and the non-can
cer cell line (WI-38) was examined using MTT 
assay. The data obtained demonstrate that 

Smp43 had a direct, dose-dependent cyto
toxic effect on the examined cell lines 
(Figures 1 and 2). Smp43 exhibited IC50 

values of 7.75 and 29.50 µg/mL for OVCAR-3 
and WI-38 cells, respectively, while 
Staurosporine IC50 values were 6.69 and 
11.31 µg/mL (Table 2).

Apoptotic and necrotic activities of Smp43

Apoptosis and necrosis were investigated 
using Annexin V-FITC/PI staining in both con
trol and Smp43-treated OVCAR-3 cells (IC50 =  
7.75 µg/mL, 48 h (Figure 3). The early apopto
tic proportion for Smp43-treated OVCAR-3 
cells was 6.2%, while the control OVCAR-3 
cells had a proportion of 6%. On the other 
hand, the proportion of late apoptotic 
OVCAR-3 cells treated with Smp43 was 46.4% 
as opposed to 10.1% in control OVCAR-3 cells. 
In untreated OVCAR-3 cells, necrotic events 
reached 10.9%, but in Smp43-treated OVCAR- 
3 cells, the rate dropped to 4.4% (Figure 3).
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Figure 1. Percentage of cell viability of Smp43 (the IC50 = 7.75 µg/mL) against OVCAR-3. Percentages of cell 
viability were calculated compared to control ** (p ≤0.001), and * (p ≤0.05) are significantly different between 
different concentrations using one-way ANOVA. Values are expressed as mean± SEM of three independent 
experiments.
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These results revealed that the Smp43 peptide 
effectively induced apoptosis in OVCAR-3 
cells, especially late apoptosis.

Effect of Smp43 on the cell cycle of OVCAR-3

OVCAR-3 cells were treated with IC50 (7.75 μg/ 
mL, 48 h of Smp43 to determine its effect on 
the cell cycle. Cell cycle progression was tracked 
by flow cytometry after being labeled with PI. 
Smp43 treatment increased the cells’ popula
tion in the G1 phase from 31.5% to 51.7%, while 
it decreased the cell population at the S and G2/ 
M phases from 13.7% and 45.5% to 6.3% and 
25.1%, respectively (Figure 4). These results 

revealed that Smp43 could prevent cell division 
in OVCAR-3 by blocking the cell cycle at the G1 
phase.

RT‑PCR analysis of apoptosis‑related genes

Expression patterns of Bax, Bcl-2, P53, 
Caspase-3, Caspase-8, and Caspase-9 were 
investigated by RT-PCR to determine their 
involvement in Smp43-induced cell death in 
OVCAR-3 cells. After 48 hours of treatment, 
the effect of Smp43 (IC50 = 7.75 μg/mL) on 
apoptosis-related genes was assessed. 
Compared to β-actin, the internal control, 
the expression of Bcl-2 (an anti-apoptotic 
signal) was significantly (***p ≤ 0.001) 
down-regulated by 0.2-fold change in treated 
cell lines (Figure 5). In contrast, pro-apoptotic 
signals Bax (***p ≤0.001), p53, Caspase-3, 
Caspase-8, and Caspase-9 were significantly 
(**p ≤0.01) up-regulated by 6.92, 5.81, 5.37, 
5.77 and 2.76-fold change in treated cell 
lines, respectively, confirming apoptosis as 
the effective molecular target of this toxin.

Figure 2. Percentage of cell viability of Smp43 on OVCAR-3 and WI-38 cell lines after using serial concentrations 
[100, 25, 6.25, 1.6, and 0.4 μg/mL]. IC50 values were calculated using non-linear regression. Values are expressed as 
mean± SEM of three independent experiments.

Table 2. IC50 (µg/mL) of Smp43 and staurosporine on 
cancer cell line (OVCAR-3) and the non-cancer cell line 
(WI-38).

Peptide

IC50 ± SEM* (µg/mL)

Cancerous cell line Non-cancerous cell line
OVCAR-3 WI-38

Smp43 7.75 ± 0.43 29.50 ± 1.62
Staurosporine 6.69 ± 0.37 11.31 ± 0.62

Values are expressed as mean ± SEM of three independent 
experiments.
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Effect of Smp43 on DNA fragmentation

The obtained results from agarose electrophor
esis (Figure 6) revealed that Smp43-induced 
DNA fragmentation in OVCAR-3 cells compared 
to untreated cells.

Western blotting analysis of 
apoptosis‑related proteins

Additionally, Western blotting for Bcl-2, Bax, 
Caspase-3, Caspase-9, and p53 has been 
used to validate the apoptotic pathway of 
Smp43 (IC50 = 7.75 μg/mL, 24 h) at the pro
tein expression level on OVCAR-3 cells. 
Treatment with Smp43 resulted in a consid
erable increase (*p ≤0.05) in the band 

intensity of Bax from 11.69% to 23.12%, 
Capases-3 from 13.96% to 28.96%, Capases- 
8 from 7.7% to 17.47%, and P53 from 15.56% 
to 27.28%, and a significant decrease (*p 
≤0.05) in the band intensity of Bcl-2 from 
24.19% to 17.47% relative to β-actin as a 
housekeeping protein (Figure 7).

Effect of Smp43 on oxidative stress 
biomarkers

The status of oxidative stress biomarkers (oxi
dants and antioxidants) in both untreated and 
Smp43-treated OVCAR-3 cells is presented in 
Figure 8. Smp43 treatment caused a significant 
decrease in MDA level from 3.5 nmol/mL to 1.78  
nmol/mL and NO level from 3.2 nmol/mL to 2.1
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Figure 3. Annexin-V/Propidium iodide staining for apoptosis-necrosis assessment in both untreated and Smp43- 
treated OVCAR-3 cells (IC50 = 7.75 μg/mL, 48 h). ‘Q1 (necrosis, AV-/PI+), Q2 (late apoptotic cells, AV+/PI+), Q3 
(normal cells, AV-/PI-), Q4 (early apoptotic cells, AV+/PI),’ ** (p ≤0.001), and * (p ≤0.05) significantly different 
between untreated and treated OVCAR-3 cells using unpaired t-test in GraphPad prism. Values are expressed as 
mean±SEM of two independent experiments.
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nmol/mL for the oxidant activity. Also, Smp43 
treatment caused a significant decrease in SOD 
activity from 5.88 nmol/mL to 2.19 nmol/mL, CAT 
activity from 13.2 nmol/mL to 7.9 nmol/mL, and 

GSH from 8.4 nmol/mL to 2.64 nmol/mL. So, 
Smp43 induced a significant decrease (p ≤0.05) 
in both oxidants (MDA and NO) and antioxidant 
parameters (GSH, CAT, and SOD).

Figure 4. A: cytogram reflecting cell cycle distribution at each cell phase of OVCAR-3 cells in both untreated and 
Smp43-treated cells. B: bar representation for quantification of cell population at each cell cycle. ** (p ≤ 0.001), 
and * (p ≤ 0.05) significantly different between untreated and treated OVCAR-3 cells using unpaired t-test in 
graph pad prism. Values are expressed as mean±SEM of two independent experiments.
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Discussion

The resistance of cancerous cells to chemother
apeutics has made treatment more difficult. 
Animal venoms have emerged as a novel anti- 
cancer therapy approach [8]. Smp43, a cationic 
antimicrobial peptide derived from the venom 
of Scorpio maurus palmatus (Abdel-Rahman et 
al., 2013) has been shown to inhibit the prolif
eration of several cancer cell lines [12,13]. The 
cytotoxicity of Smp43 was tested using an MTT 
assay on human ovarian cancer (OVCAR-3) and 
non-cancer (WI-38) cell lines after 24 hours of 
incubation. Our findings indicate that Smp43 
effectively inhibits the growth of OVCAR-3 
cells, with just a minimal impact on WI-38 

cells. This suggests that Smp43 exhibits a 
strong preference or selectivity for targeting 
tumor cells [13,20,35]. It was found that 
Smp43 has strong anti-tumor effects against 
hepatoma HepG2, lung adenocarcinoma A549, 
and colorectal cancer HCT-116 cells through 
various mechanisms [13,35,36].

Besides membrane disruption, Smp43 has 
been shown to have an anti-tumor effect by 
targeting different cellular structures, interfer
ing with intrinsic pathways, and altering apop
tosis, autophagy, and cell cycle distribution [37]. 
Overall, the anti-cancer impact of Smp43 is 
linked to its ability to trigger apoptosis, pyrop
tosis, autophagy, and cell cycle arrest through
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Figure 5. RT-PCR analysis of apoptosis-related genes in OVCAR-3 cells treated with Smp43 (IC50 = 7.75 μg/mL, 
48 h). Fold-change = 2−ΔΔCt, where ΔΔCt the difference between mean values of genes, CT values in the treated 
and control groups. Fold of change in the untreated control = 1.” statistical significance was examined using 
student’s t-test (* p ≤0.05, ** p ≤0.01, *** p ≤0.001). Values are expressed as mean±SEM of three independent 
experiments.
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mitochondrial malfunction and the formation 
of reactive oxygen species (ROS) [13,19,36].

The present work used Annexin V-FITC/PI 
staining to examine apoptosis and necrosis 
induced by the scorpion venom peptide 
Smp43. It caused apoptosis in the ovarian can
cer cell line OVCAR-3 by showing an increase in 
early and late apoptotic cells. Smp43 was found 
to have a greater effect on late apoptosis than 
early apoptosis in OVCAR-3 cell lines. At the 
concentration of IC50, the proportion of 
OVCAR-3-treated cells that were apoptotic and 
necrotic was comparatively higher than that of 
untreated cells. Similarly, BmKn-2, an 

antimicrobial peptide produced from scorpion 
venom, reduced proliferation and caused apop
tosis in the canine mammary gland cancer cell 
lines CHMp-5b and CHMp-13a [38]. In addition, 
neopladine-1 and −2 from Tityus discrepans 
scorpion venom triggered apoptosis in the 
human breast cancer cell line SKBR3 [39].

To investigate the effect of Smp43 on the cell 
cycle, OVCAR-3 cells were treated with the IC50 

of the scorpion venom peptide. Smp43 signifi
cantly enriched the G1 state in OVCAR-3 cells, 
leading to G1 cell cycle arrest. Consistent with 
the obtained effect [12], it was found that 
Smp43 treatment inhibited the expression of

Figure 6. DNA fragmentation analysis in OVCAR-3 cells after 24 hours of treatment with the IC50 value (7.75 μg/ 
mL) of Smp43 using agarose gel electrophoresis (1% agarose gel containing 0.1 µg/mL ethidium bromide). Results 
are expressed in duplets.
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cyclin A, cyclin E, and CDK2, causing non-small- 
cell lung cancer A549 cells to accumulate in the 
S phase of the cell cycle.

The expression patterns of Bax, Bcl-2, p53, 
caspase3, caspase8, and caspase9 were exam
ined using RT-PCR to identify their role in 
OVCAR-3 cell death triggered by Smp43. 
Apoptotic genes play a significant role in the 
development and growth of cancer. The 
expression of Bcl-2 was significantly down- 
regulated in OVCAR-3 cells treated with 
Smp43, while pro-apoptotic signals bax, p53, 
caspase3, caspase8, and caspase9 were signifi
cantly up-regulated. Previous research on scor
pion venom peptides found similar findings 
[12,13,40–42]. Moreover, DNA fragmentation 

in OVCAR-3 cells was greatly exacerbated by 
Smp43. The same findings were obtained by 
other antimicrobial peptides (AMPs BMAP-27 
and −28), which caused DNA fragmentation in 
various human leukemia cell lines [43]. The 
fragmentation of chromosomal DNA into small 
fragments of oligonucleosomal size is a crucial 
component of apoptosis [44].

Oxidative stress refers to a state when there is 
an unequal proportion between the generation 
of free radicals and reactive metabolites, known 
as oxidants or reactive oxygen species (ROS), and 
their removal by defensive mechanisms, also 
known as antioxidants [45]. Malondialdehyde 
(MDA) is a byproduct of the oxidation of poly
unsaturated fatty acids. It has been utilized as a

Figure 7. Western blot analysis for apoptotic proteins. (A) Western blot gels for the target proteins in control and 
treated groups, (B) bar charts for the target proteins relative to β-actin. Data are expressed as mean ± SD of two 
independent trials and analyzed by unpaired t-test. P-value < 0.05 was statistically significant (*).
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biomarker to quantify oxidative stress in diverse 
biological specimens in patients afflicted with a 
broad spectrum of disorders [46]. The formation 
of reactive oxygen species (ROS) can lead to the 
generation of reactive nitrogen species (RNS), 
including the extremely reactive peroxynitrite 
anion. This anion is a potent oxidant that forms 
when O2• and nitric oxide (NO) combine [47]. 
Glutathione (GSH) is the predominant non-pro
tein thiol found in mammalian tissues, existing in 
high quantities in the millimolar range. As a 
crucial antioxidant within cells, it functions as a 
regulator of the cellular redox state, safeguard
ing cells from harm caused by lipid peroxides, 
ROS, RNS, and xenobiotics [48]. Superoxide dis
mutase (SOD) and catalase are enzymes that 
safeguard cells against radical assault. Catalase 
catalyzes the decomposition of hydrogen perox
ide, while SOD functions as an oxidoreductase to 
convert the superoxide anion into less harmful 
substances.

OVCAR-3 cells treated with Smp43 exhibited a 
notable reduction in oxidant parameters, includ
ing MDA and NO, as well as a significant decline 
in antioxidant parameters, such as GSH, CAT, and 

SOD. The suppression of cancer cell proliferation 
may be attributed to the inhibition of oxidative 
and antioxidant markers. Tumor cells experience 
excessive cell division and produce a large 
amount of ROS. However, they have adapted to 
survive in an environment where the imbalance 
caused by oxidative stress pushes the redox bal
ance away from a reduced state. Tumor cells 
achieve this by enhancing their antioxidant 
capacity to promote cell division driven by ROS 
while also avoiding ROS levels that would acti
vate senescence, apoptosis, or ferroptosis [49].

In conclusion, the study reveals that the 
Smp43 peptide exhibits significant anticarci
noma properties against ovarian cancer cells 
(OVCAR-3, IC50 value of 7.75 µg/mL). It induced 
apoptosis, particularly late apoptosis. Smp43 
caused cell cycle arrest in the G1 phase, upregu
lated pro-apoptotic genes (Bax, p53, caspase-3, 
caspase-8, caspase-9), and downregulated the 
anti-apoptotic gene Bcl-2. It also induced DNA 
fragmentation and disrupted the redox balance 
by decreasing oxidant and antioxidant para
meters. These findings suggest that Smp43 has 
potential as an anticarcinoma agent; further

Figure 8. Oxidant and antioxidant activity in untreated and Smp43-treated OVCAR-3 cells (IC50 = 7.75 μg/mL, 48 h). 
‘Values are expressed as mean ± SEM for three independent experimental runs.’ ** (p ≤ 0.001), and * (p ≤ 0.05) 
significantly different between untreated and treated OVCAR-3 cells using student’s t-test in graph pad prism.
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research into its therapeutic applications and 
interactions with other anti-cancer drugs is 
needed.

Highlights

● Smp43 selectively inhibited ovarian cancer 
(OVCAR-3) cell viability with minimal toxicity to 
normal fibroblasts (WI-38), showing an IC50 of 
7.75 µg/mL vs. 29.50 µg/mL.

● Treatment with Smp43 induced significant late 
apoptosis and reduced necrosis in OVCAR-3 cells.

● Smp43 caused G1-phase cell cycle arrest in 
OVCAR-3 cells, impairing cell proliferation.

● Apoptosis induction was confirmed by upregula
tion of Bax, p53, caspase-3, −8, and −9, and down
regulation of Bcl-2 at both mRNA and protein levels.

● Smp43 significantly elevated DNA fragmentation 
and decreased antioxidant biomarkers, suggest
ing that oxidative stress is involved in cytotoxicity.
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