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Summary
Colorectal cancer (CRC) remains a leading cause of cancer-related mortality worldwide, underscoring the urgent need for 
novel and effective therapeutic agents. Conventional treatments, including chemotherapy, radiotherapy, and surgery, are 
often associated with significant adverse effects, prompting the exploration of alternative therapeutic strategies. This study 
aimed to evaluate the anticancer effects of Scorpio fuscus venom (SFV) on human colorectal cancer models using integrated 
in vitro and in vivo approaches. SFV constituents were characterized using gel electrophoresis, followed by high-performance 
liquid chromatography and UV–visible spectrometry. Identified peptides were subjected to structural modeling and in silico 
docking analyses against selected proteins associated with colorectal cancer and apoptosis-related pathways. The cytotoxic 
effects of SFV were assessed in human CRC cell lines (DLD-1, HT-29, and CaCo-2) and a healthy colon epithelial cell 
line (CCD-18Co) using Alamar Blue assays after 48-h treatment, and half-maximal inhibitory concentration (IC₅₀) values 
were determined. SFV treatment resulted in a dose-dependent reduction in cancer cell viability, accompanied by decreased 
migratory capacity and colony formation ability. Apoptotic responses were further evaluated by flow cytometry and gene 
expression analyses, indicating modulation of apoptosis-associated genes. For in vivo validation, subcutaneous and ortho-
topic xenograft colon cancer models were established in mice. SFV administration led to reduced tumor growth compared 
with control groups. Immunohistochemical analyses revealed altered expression patterns of selected tumor-related markers 
in SFV-treated tumors. Gene expression profiling demonstrated ≥ twofold changes in 51 genes, including downregulation of 
BAK1 and TRAF3, and upregulation of BIRC2, BIRC3, BIRC6, CASP8, TNFRSF8, TNFRSF11, and BOK. Collectively, 
these findings indicate that SFV exerts significant antitumor effects in colorectal cancer models and support its potential as 
a promising anticancer agent, warranting further mechanistic and translational investigation.
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Introduction

Colorectal cancer (CRC) is the third most prevalent can-
cer worldwide and the second most lethal form of cancer 
[1]. According to Sawicki et al. (2021), the incidence of 
colon and rectal cancer is expected to increase by 71.5% 
and 60.0%, respectively, by 2035 [2]. Surgical excision is 
the primary treatment for resectable CRC, while chemo-
therapy, radiotherapy, and immunotherapy are the standard 
treatments for unresectable CRC. Nevertheless, these thera-
pies have certain disadvantages, including high cytotoxicity 
and lack of specificity, which can result in secondary com-
plications [3]. Although these therapies can be combined 
based on the extent and progression of the CRC, over half 
of the patients still relapse with multidrug-resistant CRC [4]. 
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Despite significant progress in CRC screening, surgery, and 
adjuvant treatment, the death rate remains high, highlight-
ing the urgent need for innovative therapies that increase the 
sensitivity of resistant tumors to chemotherapy [5].

Recent studies have revealed the role of numerous 
oncogenic factors, immune regulatory mechanisms, and 
adaptive survival pathways in the molecular complexity 
and heterogeneity of colorectal cancer [6, 7]. Changes in 
immune homeostasis and tumor-microenvironment inter-
actions contribute to treatment resistance, while the abnor-
mal expression of tumor-associated genes and non-coding 
RNAs has been reported to influence tumor progression, 
metastatic behavior, and patient prognosis [8, 9]. Further-
more, evidence continues to accumulate that dysregulated 
signaling networks, mitochondrial dynamics, autophagy, 
and cellular stress responses significantly influence the 
progression of colorectal cancer and its response to treat-
ment [10, 11]. Collectively, these findings emphasize the 
urgent need for novel therapeutic strategies that target 
adaptive resistance mechanisms and improve the efficacy 
of existing treatments.

Biologically active compounds from animals and plants 
have been used to treat many diseases for years. The ven-
oms of animals such as scorpions, snakes, and bees have 
been used for centuries in treating various diseases, includ-
ing rheumatism and cancer. Scorpions, with a history dat-
ing back 430 million years, are among the oldest and highly 
toxic arachnids, classified under the phylum Arthropoda 
and the class Arachnida [12]. The genus Scorpio has been 
represented by only a single species, Scorpio maurus Lin-
naeus, 1758, containing 19 subspecies [13]. Scorpio fuscus 
was described initially with the protonym Buthus (Heter-
ometrus) palmatus fuscus from Beirut (Lebanon) [14]. 
Scorpions are found on every continent except Antarctica. 
Among more than 2000 known species [15], around 1500 
have venom, and perhaps 50 pose a significant danger to 
humans [16].

Aside from their taxonomy, scorpions are of biomedi-
cal interest due to their diverse venomous characteristics. 
Their venom comprises many components, including 
water, mucus, enzymes, proteins, small-molecule peptides, 
biogenic amines, polysaccharides, glycoproteins, and many 
unidentified molecules. Well-studied groups of these pep-
tides include neurotoxins that target ion channels in the 
nervous system and potassium channel-blocking toxins, 
such as charybdotoxin, which block potassium channels 
and alter the excitability of neurons and muscles [17]. 
Scorpion venoms also contain metalloproteases, hyalu-
ronidases, and phospholipases, which contribute to tissue 
degradation, cell membrane disruption, and the spread of 
venom throughout the prey’s body [18]. Moreover, antimi-
crobial peptides in scorpion venom exhibit activity against 

bacteria, fungi, and even cancer cells, highlighting their 
therapeutic potential [19].

This biochemical diversity makes scorpion venom a rich 
source for pharmacological research and drug development. 
Studies have demonstrated that scorpions and their venom 
components are effective in treating numerous illnesses, 
such as cardiovascular diseases and cancer [20, 21] due to 
their antimicrobial, anticancer, and analgesic properties [22]. 
Giovannini et al. (2017) state that Vidatox, Junceus rho-
palurus venom, is presently being tested in clinical studies 
as a potential treatment for hepatocellular cancer [23]. In 
this context, current innovations in the field of proteomics 
contribute to the in-depth understanding of this diversity. 
Using techniques such as mass spectrometry, numerous 
venom components have been identified and characterized 
with high precision. For instance, proteomic analyses of 
scorpion venoms such as those from Mesobuthus martensii 
and Tityus serrulatus have revealed a wide array of pep-
tides, including various neurotoxins, antimicrobial peptides, 
enzymes, and novel isoforms of known toxins, and previ-
ously unreported peptides [24]. Our proteomic analyses also 
proved that Scorpio fuscus venom (SFV) possesses 82 dif-
ferent proteins/peptides as channel inhibitors or toxins such 
as Maurocalcin, Opiscorpine-1, Toxin-like peptide, Phos-
pholipase A2 enterotoxin, Phospholipase A2 imperatorin-1 
[25]. All of these findings expand our knowledge of venom 
composition while providing insights into the evolutionary 
adaptations of scorpions and potential therapeutic applica-
tions of venom-derived peptides.

Building on this knowledge, it becomes essential to 
explore not only the compositional diversity of scorpion 
venoms but also their functional relevance in cancer 
therapy. Therefore, the present study aims to investigate 
the effects of SFV on human CRC cells and elucidate the 
molecular mechanisms involved in CRC signaling and 
apoptotic pathways in both in vitro and in vivo orthotopic 
colon cancer mice model. This study may contribute to 
developing next-generation biotherapeutic approaches by 
revealing the potential effects of SFV components in treat-
ing colorectal carcinoma.

Methods

Collection of scorpion specimens, obtaining 
and storage of scorpion venoms

Scorpio fuscus specimens, which were used for milking 
venom, were collected from Kozan District of Adana Prov-
ince (Eski Mantaş Village, 37°31′30″N, 35°54′22″E, 434 m 
and Eski Kabasakal Village, 37°26′09″N, 35°51′23″E, 
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158 m) from 08 to 14 July 2021 and from 07 to 16 July 
2022. Scorpions were kept in captivity in 5 L containers, 
including cocopeat soil and an egg container for hiding. 
Specimens were fed crickets, grasshoppers, and larvae of 
Tenebrio molitor. Specimens were milked after carbon diox-
ide anesthesia and 12 V/25A electrical stimulation was used 
for venom extraction. Specimens were milked once a month. 
The obtained venom was stored at − 80 °C.

Characterization of venom

One mg of the lyophilized SFV was dissolved in 1 mL of 
0.1% saline solution, the mixture was centrifuged, and the 
supernatant was used for further analyses. The pH, protein 
concentration, purity, and peptide profile of the SFV were 
determined to characterize the venom by pH meter, Bicin-
choninic acid (BCA) method, UV–visible spectrophotom-
eter, and high-performance liquid chromatography (HPLC), 
respectively.

UV–vis spectrum analyses

Spectra analysis of venom was performed using Shimadzu 
brand UV-1900i model spectrophotometer device. Spectrum 
scanning was performed between 190 and 400 nm wave-
lengths. A venom-specific maximum peak was observed at 
280 nm.

Determination of protein concentration

The concentration of protein in SFV was determined by a 
colorimetric BCA assay. Samples were measured at 562 nm 
after half an hour of incubation at 37 °C. Bovine serum albu-
min (BSA) was used as a standard at concentrations of 1500, 
1000, 750, 500, 250, 125, 100, 50, 25, and 0 μg/mL.

Chromatographic profiles

One milligram of SFV was dissolved in 500 µL of solvent A 
(0.1% trifluoroacetic acid (TFA) in ultrapure water), passed 
through a 0.45-µm sterile filter (Millex®-HP Syringe Fil-
ter Unit, polyethersulfone, 33  mm, gamma-sterilized), 
and transferred into 1.5 mL amber HPLC vials. Chroma-
tographic analyses were performed using a Shimadzu 
Prominence-i LC-2030 3D HPLC system. Separation of 
SFV components was achieved using a reverse-phase C18 
column (250 mm × 4.6 mm inner diameter, 5 µm particle 
size), maintained at a constant column temperature of 30 °C. 
The flow rate was set to 1.0 mL/min, and the total run time 
was 60 min. A linear gradient elution was applied using 
solvent A (0.12% TFA in water) and solvent B (0.10% TFA 
in acetonitrile), starting from 40% solvent A and 60% sol-
vent B. Eluted compounds were detected using a photodiode 

array (PDA) detector, and chromatograms were recorded at 
λ = 280 nm for quantitative analysis.

Electrophoretic profiles

Electrophoretic profiles of the venom were determined using 
Sodium Dodecyl Sulfate–Polyacrylamide Gel Electrophore-
sis (SDS-PAGE) in a Mini-PROTEAN-Bio-Rad electropho-
resis system. One micrograms/microliter of the venom was 
loaded and separated under standard conditions of 10 mA 
for the stacking gel (4%) and 20 mA for the separating gels 
(10%) for 3 h in ERB (Tris–EDTA, borate, and NaCl). The 
protein bands were stained with Coomassie brilliant blue 
R-250. The visualized protein bands were imaged using an 
imaging system (G:BOX Chemi XRQ, SynGene). Molecular 
weights were estimated using standard high-range markers 
(10–250 kDa) (Bio-Rad).

In vitro studies

Cell lines, culture conditions, and cytotoxicity analyses

Human CRC cell lines (DLD-1, HT-29, Caco-2) and 
human healthy colon epithelial cell line (CCD-18Co) 
were purchased from the American Type Culture Col-
lection (ATCC, Rockville, MD). The cells were cultured 
in RPMI-1640, McCoy’s  5 A, and EMEM, respectively, 
supplemented with 10% FBS and 2 mM L-glutamine in a 
37 °C and 5% CO2 incubator. Cells were seeded at a den-
sity of 1 × 104 cells per well in 96-well plates and allowed 
to attach for 24 h before treatment. After cell attachment, 
cells were treated with varying concentrations of SFV 
(0–250 µg/mL) for 48 h. Following treatment, the cells 
were washed with phosphate-buffered saline (PBS), and 
cell viability was measured using Alamar Blue reagent 
(Invitrogen, Thermo Fisher Scientific, Waltham, MA, 
USA) after a 2-h incubation. IC50 values were calculated 
from sigmoidal dose–response curves.

Wound healing assay

In vitro cell migratory capacity was evaluated using the 
wound healing assay. Briefly, CRC cells were seeded into 
6-well plates and allowed to reach approximately 90% con-
fluence. A uniform scratch was created in the cell monolayer 
using a sterile 200 µL pipette tip. After washing with PBS 
to remove detached cells, fresh culture medium containing 
SFV at the IC₅₀ concentration was added. Wound closure 
was monitored and imaged at 0, 12, 24, and 48 h using an 
inverted phase-contrast microscope. The wound area was 
quantified using ImageJ software, and migration rates were 
calculated as the percentage of wound closure relative to the 
initial wound width at 0 h.
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Colony formation assay

To detect the effects of the SFV on cells’ colony formation 
potency, a soft agar colony formation assay was conducted. 
A single-cell suspension (3 × 104 cells/well) was seeded into 
24-well plates and incubated with an equivalent concentra-
tion of IC50 value, and dead cells were removed after 48 h. 
Base Agar (1%) was mixed with growth medium and loaded 
into 6-well plates as the base layer. Then, 0.7% top agar was 
mixed with the cell suspension, and the mixture was added 
on top of the base agar. Finally, the cell growth medium 
was added and incubated at 37 °C and 5% CO2 for 15 days. 
After incubation, cells were stained with 0.01% (w/v) crystal 
violet, and colony numbers were calculated with Image J 
software.

Apoptosis assays

Apoptotic rates of CRC cells were evaluated using the 
PE Annexin V Apoptosis Detection Kit (BD Biosciences, 
USA). Cells were treated with SFV at IC₅₀ concentrations 
for 48 h. After treatment, cells were harvested, stained 
with Annexin V-APC and 7-AAD for 20 min in the dark, 
and analyzed using a BD flow cytometer. At least 10,000 
events per sample were recorded, with doublets and debris 
excluded via forward/side scatter gating. Apoptotic popula-
tions were quantified as early (Annexin V⁺/7-AAD⁻) and 
late (Annexin V⁺/7-AAD⁺) apoptosis. Experiments included 
three independent biological replicates, each performed with 
two technical replicates.

mRNA expression analysis in apoptotic and colon cancer 
progression pathways

qRT-PCR was performed to assess gene expression changes 
in apoptotic and CRC pathways. Cells were treated with 
the SFV at its IC50 concentration and incubated for 24 h. 
Total RNA was extracted using TRIzol and quantified via 
NanoDrop™ 2000. cDNA was synthesized with the iScript 
cDNA Synthesis Kit. Expression changes were analyzed 
using Human Colorectal Cancer and Apoptosis Panels. The 
2−ΔΔCt method was used for relative quantification, with 
GAPDH, GUSB, PPIA, B2M, HPRT1, PGK1, ACTB, and 
RPL13A serving as internal control genes. Primer specificity 
was verified using Primer3 and NCBI BLAST.

Protein expression analysis in apoptotic and colon cancer 
progression pathways

Western blot analysis was performed to evaluate the effects 
of SFV on CRC signaling pathways and apoptosis-related 
protein expression. Cells were treated with SFV at the IC₅₀ 
concentration and incubated for 48 h. Total protein extracts 

were separated by SDS–PAGE (7.5–12%) and transferred 
onto polyvinylidene difluoride (PVDF) membranes. Mem-
branes were blocked with 5% non-fat dry milk and incubated 
overnight at 4 °C with the following primary antibodies: 
Bax (50,599–2-Ig, 1:8000), Bcl-2 (26,593–1-AP, 1:2,000), 
Caspase-3 (25,128–1-AP, 1:1000), p53 (10,442–1-AP, 
1:3000), BRAF (20,899–1-AP, 1:2000), MLH-1 (11,697–1-
AP, 1:2000), and NF-κB (33,259–1-AP, 1:1000). GAPDH 
(10,494–1-AP, 1:10,000) was used as the internal reference 
protein due to its stable expression under the experimen-
tal conditions. After washing, membranes were incubated 
with HRP-conjugated secondary antibodies (Goat Anti-
Rabbit IgG, SA00001-2, 1:10,000; Goat Anti-Mouse IgG, 
SA00001-1, 1:10,000) for 2 h at room temperature. Protein 
bands were visualized using an enhanced chemilumines-
cence (ECL) detection system (Syngene G:Box imaging sys-
tem). Densitometric analysis was performed using GeneSys 
imaging software. The exposure time for band detection 
ranged from 30 s to 3 min, depending on the signal intensity 
of the target proteins.

In vivo studies

All experimental procedures were approved by the Selcuk 
University Animal Experiments Local Ethics Committee 
(Protocol No. 2019–42) and conducted in strict accordance 
with the European Directive 2010/63/EU on the protection 
of animals used for scientific purposes, the Guide for the 
Care and Use of Laboratory Animals, and the ARRIVE 2.0 
guidelines [26]. All animals were obtained from and housed 
at the Selcuk University Experimental Medicine Research 
and Application Center (SÜDAM, Konya, Turkey).

Dose‑range studies

Acute toxicity of SFV was assessed using a graded 
dose–response design to determine lethality and guide sub-
sequent xenograft studies. Twelve-week-old male and female 
Swiss albino mice (n = 10 per group; 5 per sex) were accli-
mated for 7 days under standard housing conditions with 
ad libitum access to food and water.

Initial dose selection was guided by extrapolation 
from in vitro cytotoxicity data using the regression model 
described by Spielmann et  al. (1999) and subsequently 
adopted in ICCVAM evaluations [27, 28], according to the 
following equation: log₁₀(LD₅₀, mg/kg) = 0.372 × log₁₀(IC₅₀, 
μg/mL) + 2.024. The experimentally determined IC₅₀ value 
of 14.8 μg/mL yielded log₁₀(LD₅₀) = 2.459, corresponding 
to a theoretical oral LD₅₀ of approximately 288 mg/kg. This 
estimate was used to inform starting-dose selection, with 
final dose levels refined through preliminary range-finding 
studies and route-specific considerations for intraperito-
neal (IP) administration. Animals were weighed prior to 
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dosing (mean 20 g, range 18–22 g). Initial dose selection 
was informed by OECD Test Guideline 425, in vitro cyto-
toxicity data (IC₅₀ = 14.8 μg/mL), and the regression model 
of Spielmann et al. (1999), yielding a theoretical oral LD₅₀ 
of ~ 288 mg/kg.

Lyophilized venom was dissolved in sterile saline (16 mg/
mL) and serially diluted to deliver 0.1–1.6 mg/mouse in 
0.1 mL via IP injection. Animals were randomly assigned 
to treatment groups using a computer-generalized rand-
omization sequence (Graphpad Prism 10.0). Control ani-
mals received saline. Injections were administered in con-
scious mice using a 26-gauge needle during the light phase 
(09:00–12:00). Animals were monitored continuously for 
1-h post-injection, at 30-min intervals for 6 h, and every 
12 h up to 48 h. Clinical signs recorded included respira-
tion, posture, locomotion, tremor, ocular changes, social 
behavior, and food/water intake. Humane endpoints were 
predefined according to international guidelines. Surviving 
animals were euthanized under ketamine/xylazine anesthe-
sia followed by cervical dislocation and necropsy. Observed 
mortality across dose groups yielded a median lethal dose 
(LD₅₀) of 0.496 mg/mouse, which was used to define suble-
thal doses for subsequent xenograft experiments.

Xenograft models

To mimic human CRC, NOD/SCID mice were selected as 
orthotopic xenograft models. Male NOD/SCID mice (n = 30; 
6–8 weeks old, 20–25 g) were housed at the Selçuk Uni-
versity Experimental Medicine Research and Application 
Center (SUDAM) in a climate-controlled room (55% ± 5% 
relative humidity, 22  °C ± 2  °C, and 12/12-h light/dark 
cycle) in individually ventilated cages (IVC) of the Nex-
Gen Thermo IVC cage systems (Allentown, NJ, USA). Mice 
were housed individually and provided with sterile drinking 
water and pellet feed (Standard Diet 1320; Altromin, Lage, 
Germany) ad libitum. All procedures performed outside 
the cages were conducted under a laminar flow hood (CS5 
changing station; Techniplast, Buguggiate, Italy).

In vivo tumor implantation and treatment 

Animals were randomly assigned into three groups: Con-
trol (sham-operated; n = 10), Colon cancer (CDX; n = 10), 
and CDX + SFV (CDX + SFV; n = 10). In the CDX and 
CDX + SFV groups, an orthotopic colon xenograft (n = 4) 
was established by subepithelial injection of a suspension 
containing 4 × 106 DLD-1 human colorectal adenocarcinoma 
cells (ATCC® CCL-221™) into the distal colon, while a 
subcutaneous xenograft (n = 6) was placed under anesthe-
sia in the right subscapular region. During weeks 3 and 5 
post-engraftment of DLD-1 cells, intraperitoneal administra-
tion of 16.53 mg/kg SFV was performed for the orthotopic 

subgroups, and both IP and intratumoral routes were used 
for the subcutaneous subgroups. Control animals received 
vehicle administration under identical experimental condi-
tions, including injection schedule and handling procedures, 
and served as procedural (sham) controls.

Quantitative analysis of tumor growth

Tumor development was monitored twice a week by manual 
examination, palpation, and Vernier caliper measurements. 
Tumor volumes at weeks 2, 4, and 6 were calculated using 
the standard ellipsoid formula: V = π/6 × (length × width × h
eight). At the end of the experiment, mice were euthanized 
under deep anesthesia, and tumors were excised, weighed, 
and photographed for quantitative comparison among 
groups.

Histopathological examination

During necropsy, all tumors and adjacent normal tissues 
were collected. Samples were fixed in 10% neutral buffered 
formalin for 48 h, embedded in paraffin, and sectioned at 
4 µm thickness. Sections were stained with hematoxylin and 
eosin (H&E) for evaluation of tumor architecture, necrosis, 
and cellular morphology under light microscopy. Histomor-
phometric analyses were performed to assess necrotic areas 
and viable tumor cell density. Immunohistochemical assays 
were subsequently applied to detect apoptotic and oncogenic 
markers (Bax, Bcl-2, p53, KRAS, NF-κB).

Statistical analyses

All experiments were performed in triplicate, and all analy-
ses were conducted using SPSS software version 23.0 (IBM 
Corp., Armonk, NY, USA). Normality was evaluated using 
the Kolmogorov–Smirnov test. For comparisons between 
two groups, independent t-tests were applied, while differ-
ences among more than two groups were assessed via one-
way ANOVA followed by Tukey’s post hoc analysis. Data 
are presented as mean ± standard deviation (SD). Results 
with p-values < 0.05 were considered statistically significant. 
IC₅₀ values are reported together with their 95% confidence 
intervals.

Results

Venom was successfully extracted from S. fuscus specimens 
using electrical stimulation under CO₂ anesthesia (Fig. 1a). 
UV–Vis spectrophotometric analysis revealed that the 
venom exhibited a characteristic absorption peak at 280 nm 
(protein absorption), indicating the presence of protein-rich 
constituents (Fig. 1b). The prominent and clearly detectable 
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Fig. 1   Collection of Scorpio fuscus specimens and biochemical 
characterization of scorpion venom. a Venom extraction process 
from Scorpio fuscus specimens using 12  V/25A electrical stimula-
tion under CO₂ anesthesia. b UV–vis spectrum analysis of venom 
extracted from Scorpio fuscus specimen. A venom-specific maximum 
peak was observed at 280 nm. c High-performance liquid chromatog-
raphy (HPLC) chromatogram of venom from Scorpio fuscus speci-
men. The eluents were delivered to a PDA detector and quantitative 
analysis was performed at a wavelength of λ = 280 nm. d Electropho-

retic profile of venom from Scorpio fuscus specimens obtained by 
ERB buffer system. The protein bands were stained with Coomassie 
brilliant blue R-250 and visualized using an imaging system (G:BOX 
Chemi XRQ, SynGene). Molecular weights were estimated using 
standard high range (10–250  kDa markers standards) (Bio-Rad). e 
Determination of protein concentration by Bicinchoninic Acid (BCA) 
method. Bovine serum albumin (BSA) was used as a standard at dif-
ferent concentrations (μg/mL). Absorbance = 562 nm. R.2 = 0.999
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bands appeared at 12–15 kDa, 20–25 kDa, 40–45 kDa, and 
within the high-molecular-weight range of 70–100 kDa. 
HPLC analysis displayed a distinct chromatographic profile 
with multiple elution peaks, reflecting the biochemical com-
plexity of the venom (Fig. 1c). SDS–PAGE demonstrated 
a wide distribution of protein bands ranging from ~ 10 to 
250 kDa, confirming the heterogeneity of venom proteins 
(Fig. 1d). Protein quantification by BCA assay determined 
a concentration of 1.2 ± 0.1 mg/mL (Fig. 1e).

The cytotoxic potential of SFV was assessed in CRC 
(DLD-1, HT-29, and CaCo-2) and normal colon fibroblast 
CCD-18Co cells. The venom induced a dose-depend-
ent reduction in cancer cell viability, with IC₅₀ values of 
14.8 µg/mL for DLD-1, 26.4 µg/mL for HT-29, and 32.7 µg/
mL for CaCo-2 cells. In contrast, the IC₅₀ for CCD-18Co 
cells exceeded 250 µg/mL, indicating selective cytotoxic-
ity toward cancerous cells (Fig. 2a, b). Functional assays 
confirmed the anti-metastatic potential of the SFV. Wound-
healing assays demonstrated an 84% reduction in cell migra-
tion at 48 h compared with untreated controls (Fig. 2c, d). In 
addition, colony formation assays revealed a significant 49% 
decrease in clonogenic survival of venom-treated cells rela-
tive to untreated cells (Fig. 2e, f). SFV treatment was associ-
ated with a significant increase in apoptotic cell populations, 
as determined by flow cytometric analysis. Compared with 
untreated controls, venom-treated DLD-1 cells displayed 
a marked increase in early (Annexin V⁺/7-AAD⁻) and late 
(Annexin V⁺/7-AAD⁺) apoptosis, alongside reduced viable 
cell percentages (Fig. 3a–c). These findings indicate that 
SFV induces apoptotic responses at a phenotypic level in 
CRC cells. Gene expression analysis further revealed mod-
ulation of multiple apoptosis-related genes following SFV 
exposure, supporting the involvement of apoptotic signal-
ing processes without implying direct activation of specific 
apoptotic pathways. Differential gene expression analysis 
identified a total of 51 genes exhibiting at least a two-fold 
change compared to the control group. Among these genes, 
seven were significantly upregulated (BIRC2, BIRC3, 
BIRC6, CASP8, TNFRSF8, TNFRSF11, and BOK) and two 
were significantly downregulated (BAK1 and TRAF3) based 
on an adjusted p value < 0.05 (Fig. 3d, e). The remaining 
genes exhibiting ≥ twofold changes did not reach statistical 
significance after multiple testing correction. Western blot 
analysis confirmed protein-level modulation of apoptosis 
and CRC signaling markers, consistent with transcriptional 
changes (Fig. 3f, g).

Following subcutaneous inoculation of DLD-1 cells into 
the right scapular region (Fig. 4a), all mice developed pro-
gressively enlarging tumors in the CDX group, with mean 
tumor volumes reaching 2205.39 ± 427.78 mm3 by week 
6. Tumor development was first detected 7–10 days post-
implantation and monitored by inspection, palpation, and 
caliper-based measurements. Volumes were calculated 

using the 3D ellipsoid formula (V = π/6 × L × W × H) [29]. 
The detailed results are shown in Table 1. Tumor volumes 
at week 2 did not significantly differ between groups. How-
ever, differences in growth rates were noticeable by week 
4. Both CDX and CDX + SFV groups displayed significant 
intragroup increases in tumor size (p < 0.01), yet treatment 
with SFV markedly attenuated progression. At week 6, mean 
tumor volume in the CDX + SFV group (1528.55 ± 277.39 
mm3) was reduced by 30.69% relative to the CDX alone 
(p = 0.008), indicating a biologically relevant inhibitory 
effect (Fig. 4v).

At necropsy, subcutaneous tumors were resected with 
intact margins and weighed (Fig. 4f, i). The mean tumor 
weight in the CDX + SFV group (2.88 ± 0.56 g) was sig-
nificantly lower than that in the CDX group (4.22 ± 1.13 g), 
corresponding to a 68.25% reduction (p < 0.05) (Table 2). 
Remarkably, necroscopic findings revealed widespread 
metastatic foci in the lymph nodes, mesentery, liver, kid-
neys, diaphragm, and lungs of CDX mice (Fig.  4d, e), 
whereas only mild mesenteric ground-glass opacification 
was detected in CDX + SFV animals (Fig. 4g, h).

Histological examination supported the volumetric and 
weight findings. Tumors in control mice were characterized 
by densely packed malignant cells, frequent mitoses, and 
invasive borders. In contrast, CDX + SFV tumors exhibited 
extensive necrotic areas, diminished nuclear pleomorphism, 
and reduced mitotic activity. Immunohistochemical staining 
was performed to evaluate apoptotic and oncogenic mark-
ers in xenograft tumor tissues. In control tumors, BcL-2 
expression was strong and diffuse, whereas Bax and p53 
staining were weak or absent. In contrast, SFV treatment 
induced a dose-dependent shift toward a pro-apoptotic pro-
file (Fig. 5a–d). Both the medium-dose (10 mg/kg) and high-
dose (20 mg/kg) groups showed markedly increased Bax 
and p53 expression, accompanied by reduced Bcl-2 levels. 
Quantitative immunostaining scores revealed statistically 
significant differences between control and SFV-treated 
groups for both KRAS and NF-κB (p < 0.05). These findings 
indicate a biologically relevant alteration in marker expres-
sion associated with SFV treatment. However, as immuno-
histochemistry provides semi-quantitative information, these 
changes should be interpreted as evidence of modulated 
protein expression rather than definitive proof of functional 
inhibition of the corresponding signaling pathways.

Discussion

The global rise in colorectal cancer underscores the urgent 
need for novel and alternative therapeutic approaches. 
Epidemiological projections estimate that worldwide 
colorectal cancer-related mortality will increase from 
approximately 538,000 cases in 2022 to nearly 1 million 



	 Investigational New Drugs

by 2045 [30]. In this context, bioactive peptides and pro-
teins derived from scorpion venom have been suggested 
to selectively modulate key oncogenic pathways, offering 
a promising avenue for targeted therapeutic development.

Scorpio fuscus, a member of the Scorpionidae family, 
possesses a remarkably rich venom composition [25, 31].

Particularly low molecular weight peptides and proteins 
in the venom can directly influence its biological activity 
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[32]. Analytical methods, such as spectrophotometric profil-
ing, are frequently applied to characterize venom composi-
tion. The milking technique affects the UV-absorption spec-
tra. Venoms obtained via electrical stimulation show a single 
peak at 280 nm, indicating a purer, protein-rich composi-
tion, whereas manually collected venoms usually show three 
peaks (280 nm, 220–380 nm, and 520–600 nm), reflecting 
the presence of both protein and non-protein components 
such as biogenic amines, nucleotides, pigments, or oxidized 
metabolites released from glandular cells [33, 34]. SFV has 
a wide distribution of protein bands ranging from ~ 10 to 
250 kDa [25]. The electrophoretic profile of venom dem-
onstrated that the 12–15 kDa bands likely correspond to 
low-molecular-weight peptides, including neurotoxic and 
cytolytic components commonly reported in scorpion ven-
oms [35]. The 20–25 kDa region contained abundant pro-
teins, potentially representing ion channel-modulating toxins 
and enzymes [36]. Intermediate bands (~ 30–45 kDa) may 
include proteolytic enzymes [37], while high-molecular-
weight fractions (> 70 kDa) reflected larger enzymatic pro-
teins and structural components [38]. The presence of both 
low- and high-molecular-weight fractions confirmed the 
biochemical heterogeneity of SFV. Notably, the intensity of 
the low-molecular-weight bands suggested enrichment of 
bioactive peptides, which could underlie the selective cyto-
toxic effects observed in colorectal carcinoma cells. In our 
previous study, we demonstrated that S. fuscus possesses 
88 different peptides/proteins with a rich array of bioactive 
compounds, ranging from potassium channel blockers (like 
maurotoxin and α-KTx6.2) to calcium-binding peptides and 
phospholipase A₂ isoforms [25]. Densitometric analysis in 
the present study further demonstrated that proteins in the 
12–25 kDa range represented the most abundant fraction of 
the venom proteome, highlighting their likely contribution 
to biological activity (Fig. 1d).

Previously identified molecules are highly relevant to can-
cer biology. For example, Kv channel inhibitors are known 
to slow tumor growth and needle metastatic potential, as 

dysregulated expression of channels such as Kv1.3, Kv10.1, 
and hERG (Kv11.1) is frequently observed in colorectal can-
cer [39, 40]. Another important group of venom molecules 
are phospholipase A₂ enzymes. Similar proteins from other 
scorpions, such as hemilipin from Hemiscorpius leptu-
rus and PLA₂s from Scorpio maurus, have been shown to 
inhibit angiogenesis by interfering with integrin signaling 
[41, 42]. These processes may underlie the anticancer effects 
observed with scorpion venoms, including those reported 
in our study.

Our in vitro results demonstrated that SFV possesses 
selective and multifaceted antitumor activity against CRC 
cells. The venom caused a dose-dependent decrease in cell 
viability in DLD-1, HT-29, and CaCo-2 cell lines, while 
exhibiting minimal effects on normal CCD-18Co fibroblasts 
with IC₅₀ values exceeding 250 µg/mL. This observed dif-
ference in cytotoxicity highlights the therapeutic selectivity 
of scorpion venom towards malignant cells and is consistent 
with previous studies [43–46].

In addition, SFV reduced colony formation by nearly 
half and suppressed migration capacity by 84% compared 
to untreated controls. This result indicates that venom com-
ponents may not only inhibit primary tumor growth but also 
reduce the metastatic potential of CRC cells by disrupting 
two critical features of malignant progression: colony forma-
tion and migration. Significant increases in both early and 
late apoptotic cell populations in CRC cell lines (DLD-1, 
HT-29, and CaCo-2) obtained from flow cytometry suggest 
that the SFV also triggers the activation of programmed cell 
death pathways. Similar results have been obtained in the 
literature with venoms from different scorpion species. For 
example, Canak et al. (2025) demonstrated that Mesobu-
thus eupeus venom significantly inhibited cell migration and 
colony formation in DLD-1 and HT-29 CRC cells, affected 
the modulation of metastasis-related signaling pathways, and 
induced apoptosis [47].

SFV led to the upregulation of both CASP8 and BOK 
genes, which are important pro-apoptotic regulators, com-
pared to untreated controls. CASP8, a key initiator of extrin-
sic apoptosis, has been reported as a promising therapeutic 
strategy in CRC due to its reactivation, especially consider-
ing its frequent downregulation in chemotherapy-resistant 
tumors [48]. BOK, a pro-apoptotic member of the BCL-2 
family, contributes to mitochondrial apoptosis by promot-
ing cytochrome c release [49]. In our study, the simultane-
ous downregulation of BAK1 and TRAF3 genes indicates a 
complex interaction between pro- and anti-apoptotic signal-
ing, emphasizing that venom exposure does not equally alter 
all apoptotic regulators. Notably, the upregulation of mul-
tiple inhibitors of apoptosis (IAP) family members, includ-
ing BIRC2, BIRC3, and BIRC6, suggests the presence of 
a potential adaptive or compensatory survival response to 
SFV-induced cellular stress. Such transcriptional responses 

Fig. 2   Cytotoxic and anti-proliferative effects of venom from Scorpio 
fuscus specimens on colorectal carcinoma and healthy cells. a IC₅₀ 
values (µg/mL) of venom from Scorpio fuscus specimens obtained by 
Alamar Blue cytotoxicity assay on colorectal cancer DLD-1, HT-29, 
and CaCo-2 cell lines, and normal colon fibroblast CCD-18Co cell 
line. b Concentration-dependent percentage of cell viability on colo-
rectal cancer DLD-1 and normal colon fibroblast CCD-18Co cells 
treated with venom from Scorpio fuscus specimen. c Representative 
images of the wound healing assay at 0  h, 24  h, and 48  h for non-
treated cells, and cells treated with Scorpio fuscus venom (SFT). d 
The number of migrated cells at 0 h, 24 h, and 48 h for non-treated 
cells, and cells treated with Scorpio fuscus venom (SFT). Data are 
presented as mean ± SD (n = 3). ***p < 0.001, compared to the non-
treated group. e Colony formation assay of Scorpio fuscus venom on 
non-treated and cells treated with Scorpio fuscus venom (SFT). (f) 
Number of colonies on non-treated and cells treated with Scorpio fus-
cus venom (SFT) cells. Data are presented as mean ± SD (n = 3)
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have been previously reported in cancer cells exposed to 
cytotoxic agents and may reflect a dynamic balance between 
pro-apoptotic and pro-survival signaling mechanisms.

The upregulation of Baculoviral IAP Repeat–containing 
proteins (BIRC2, BIRC3, and BIRC6) in CRC cells follow-
ing SFV exposure is consistent with an adaptive cellular 
response rather than definitive activation of a specific sur-
vival pathway. Members of the BIRC family are well-estab-
lished inhibitors of apoptosis and are frequently implicated 
in apoptosis evasion and stress-induced survival signaling 
in cancer cells [20]. Their induction may therefore reflect a 
compensatory mechanism aimed at counteracting venom-
induced cytotoxic stress, consistent with current models 
of non-genetic adaptive drug resistance, in which tumor 
cells transiently reprogram survival pathways to tolerate 
therapeutic pressure [50]. Importantly, such compensatory 
upregulation can coexist with pro-apoptotic signaling during 
early treatment responses, highlighting the dynamic balance 
between cell death and survival programs. While this inter-
pretation remains hypothesis-driven in the absence of path-
way-specific functional validation, it suggests that BIRC-
mediated survival signaling may limit the overall therapeutic 
efficacy of venom exposure. Future studies should therefore 
investigate the functional contribution of BIRC proteins to 
venom-induced stress responses and explore combination 
strategies targeting IAP-mediated survival mechanisms to 
enhance apoptotic sensitivity in CRC cells.

Furthermore, the molecular changes observed in the pre-
sent study provide further support for apoptosis as a key 
mechanism. The upregulation of CASP8 and TNFRSF fam-
ily members, together with the downregulation of BAK1 
and TRAF3, points to the engagement of extrinsic apop-
totic pathways. Similar gene expression patterns have been 
reported with other scorpion venoms in colorectal carci-
noma models [46, 47], reinforcing the idea that these ven-
oms can trigger cell death through coordinated modulation 
of pro- and anti-apoptotic regulators. The present findings 
demonstrate that SFV induces apoptotic responses in colo-
rectal cancer cells, as evidenced by flow cytometry and 

transcriptional modulation of apoptosis-associated genes. 
However, while changes in the expression of both pro-apop-
totic and anti-apoptotic genes were observed, these results 
should be interpreted as phenotypic indicators of apoptosis 
rather than definitive activation of intrinsic or extrinsic apop-
totic pathways. The results are consistent with the findings of 
Moradi et al. (2019), who reported that Hemiscorpius leptu-
rus venom induces apoptosis in CT26 colon carcinoma cells 
through mitochondrial pathways and caspase activation [51]. 
Similarly, Al-Asmari et al. (2018a, 2018b) demonstrated that 
venom extracts from Androctonus crassicauda and Leiurus 
quinquestriatus induce apoptosis in CRC cells through 
the upregulation of p53, downregulation of anti-apoptotic 
BcL-XL, and activation of caspases [52, 53]. All these find-
ings highlight the idea that scorpion venom peptides can 
target multiple apoptotic pathways, thereby enhancing their 
therapeutic potential. Besides, they demonstrate that SFV 
exhibits selective cytotoxicity, reduces clonogenicity and 
migration, and induces apoptosis. A conserved anticancer 
potential is highlighted by the convergence with research on 
other scorpion species. However, compensatory overexpres-
sion of anti-apoptotic proteins indicates adaptive resistance, 
which calls for more research to determine which peptides 
are active, how they interact with apoptotic regulators, and 
how well they work in conjunction with inhibitors or con-
ventional treatments.

The NOD/SCID mouse strain was selected due to 
its immunodeficient background, which facilitates the 
establishment of human colorectal carcinoma xenografts 
while preserving tumor heterogeneity and metastatic 
potential [54]. In this study, DLD-1 cells implanted both 
orthotopically and subcutaneously successfully formed 
tumors, enabling evaluation of the biological effects of 
SFV in vivo. SFV treatment was associated with reduced 
tumor progression in both implantation models. The use 
of both orthotopic and subcutaneous xenograft models 
allowed complementary assessment of tumor behavior. 
Subcutaneous models enabled direct monitoring of tumor 
growth through inspection, palpation, and quantitative 
measurements, whereas orthotopic models more closely 
reflected the native colorectal tumor microenvironment. 
In orthotopic subgroups, SFV was administered IP, while 
in subcutaneous subgroups both intraperitoneal and intra-
tumoral routes were employed, as intratumoral delivery 
has been reported to enhance local therapeutic effects 
[55]. The present study was not designed to compare 
SFV with standard chemotherapeutic agents; therefore, 
no positive chemotherapy control was included. Nev-
ertheless, the observed antitumor effects are consistent 
with previous reports describing the anticancer poten-
tial of scorpion venoms. Fan et al. (2010) showed that 
intraperitoneal administration of Mesobuthus martensii 
Karsch venom suppressed glioblastoma progression and 

Fig. 3   Effects of SF venom on mRNA and protein expressions of 
colorectal carcinoma signaling and apoptotic pathways. Flow cyto-
metric analysis on a non-treated and b Scorpio fuscus venom treated 
(SFT) cells. c Comparison of live cells, necrosis, early apoptosis, and 
late apoptosis rates (%) for non-treated and cells treated with Scorpio 
fuscus venom (SFT). Data are displayed as the mean ± standard devi-
ation (SD). **p < 0.01, ***p < 0.001, compared to the non-treated 
group. d, e Gene expression analysis of colorectal cancer and apop-
tosis-related genes on non-treated (DLD1-NT) and Scorpio fuscus 
venom-treated (DLD1-SF) cells using colorectal cancer and apoptosis 
panels. f Representative protein bands (g) analyses of protein expres-
sions following SFT. Q1: cells undergoing necrosis (Annexin −, 
7-AAD +); Q2: cells in late stages of apoptosis (Annexin +, 
7-ADD +); Q3: Living cells (Annexin −, 7-ADD −); Q4: cells in early 
stages of apoptosis (Annexin +, 7-ADD −)
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metastasis in rats, while Salem et al. (2016) demonstrated 
that Androctonus amoreuxi venom reduced solid tumor 
volume by 46.4% in a syngeneic mouse model [56, 57]. 
Similarly, in our study, tumors in the CDX group pro-
gressed steadily over 6 weeks, whereas tumor growth in 
the CDX + SFV group was markedly delayed. At week 
6, mice in the orthotopic CDX + SFV subgroup exhib-
ited preserved physiological functions including feed-
ing, physical activity, and responsiveness, as well as 
normal behavioral parameters such as social interaction 
and facial grimace, similar to the control group. Post-
mortem necropsy findings revealed widespread metastatic 
lesions in multiple organs in CDX mice, whereas only 
mild mesenteric cloudiness was detected in CDX + SFV 
mice. Additionally, histological examination reinforced 
the gross necropsy examinations, further confirming 
the pronounced reduction in primary tumor size in the 

Fig. 4   In vivo experimental procedures (a–c) and necropsy find-
ings (d–i), with statistical analysis (w–v) in groups (d–e CDX; g–i 
CDX + SFV). a Subcutaneous implantation of DLD-1 cells into the 
right subscapular region. b Orthotopic implantation into the subepi-
thelium of the distal colon. c Treatment procedures at the 3rd and 5th 
weeks via intraperitoneal injection of Scorpio fuscus venom (SFV). 
d–e CDX group necropsy. d The red arrow indicates the primary 
tumor focus, while the orange arrows indicate metastatic foci (top: 
mesenteric lymph node; bottom: liver). e Microscopic examination 

revealed that the primary tumor had reached 2  mm in length, was 
firmly attached to the subepithelium, and exhibited distinguishable 
blood vessels. g–i CDX + SFV group necropsy. g On macroscopic 
inspection, the primary neoplasm was regressed and faintly deline-
ated; no macroscopic metastatic foci were observed, and the mesen-
tery displayed an opalescent, ground-glass appearance. h Microscopic 
evaluation showed that the primary tumor had regressed to less 
than ~ 0.5 mm. f and i Tumor dimensions were significantly reduced 
following SFV treatment

Table 1   Tumor volume analyses (mm3)

* Lowercase letters (a, b, c) indicate intragroup differences in tumor 
weights (n = 6)

Group CDX (mean ± SD) CDX + SFV (mean ± SD)

2nd week 293.44 ± 214.85 (a) 243.43 ± 122.33 (a)
4th week 1083.82 ± 186.57 (b) 766.98 ± 202.36 (b)
6th week 2205.39 ± 427.78 (c) 1528.55 ± 277.39 (c)

Table 2   Absolute tumor weights (g)

* Lowercase letters (a, b, c) indicate intragroup differences in tumor 
weights (n = 6)

Group CDX (mean ± SD) CDX + SFV (mean ± SD)

Tumor weight (g) 4.22 ± 1.13 (a) 2.88 ± 0.56 (b)
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CDX + SFV group compared with CDX alone. Taken 
together, these results suggest that SFV has significant 
antitumor potential, attenuating both tumor growth and 
metastatic spread. The observed preservation of physi-
ological and behavioral functions further supports its 
therapeutic relevance, warranting additional mechanistic 
and translational studies.

The immunohistochemical analyses provided supportive 
evidence for the antitumor effects of SFV at the tissue level. 
The observed increase in Bax and p53 immunoreactivity, 
together with reduced Bcl-2 staining, is consistent with the 
involvement of mitochondrial apoptotic processes, in line 
with previous reports demonstrating that scorpion venom 
peptides can promote apoptosis through intrinsic pathways 
[40, 47]. In addition, altered KRAS and NF-κB immuno-
reactivity was observed in SFV-treated tumors. However, 

as immunohistochemistry provides semi-quantitative infor-
mation, these changes should be interpreted as associative 
alterations in protein expression patterns rather than defini-
tive evidence of direct signaling pathway inhibition. Accord-
ingly, the observed changes do not distinguish between pri-
mary venom effects and secondary downstream responses. 
Taken together, the coexistence of apoptotic marker induc-
tion and altered oncogenic protein immunoreactivity may 
contribute to the phenotypic outcomes observed in vivo, 
including reduced tumor growth and metastatic spread. 
Importantly, these findings align with earlier studies report-
ing that scorpion venom components can influence angio-
genesis and tumor invasion through modulation of integ-
rin- and NF-κB-associated signaling networks [48]. Overall, 
our results support the antitumor activity of SFV at a func-
tional and phenotypic level, including cytotoxic effects, 

Fig. 5   Histopathology and immunohistochemistry (IHC) analyses. 
a Representative H&E-stained section from the control group show-
ing normal intestinal architecture with preserved crypt structures 
(arrows). b H&E-stained section from the CDX group displaying dis-
rupted tissue architecture, densely packed malignant epithelial cells, 
and invasive tumor margins (arrow). c Immunohistochemical staining 

for Bax in tumor tissues from the CDX + SFV group, demonstrating 
increased pro-apoptotic protein expression (arrows). d Immunohisto-
chemical staining for BcL-2 in tumor tissues from the CDX group, 
indicating strong anti-apoptotic protein expression (arrows). Scale 
bars: 100 µm (a, b), 10 µm (c, d)
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apoptosis-associated responses, and suppression of tumor 
growth in xenograft models. Accordingly, the observed gene 
and protein expression changes should be interpreted as 
associative molecular responses rather than direct evidence 
of signaling pathway activation or inhibition. Elucidation 
of precise molecular targets and signaling mechanisms will 
require dedicated functional and pathway-specific investiga-
tions in future studies.

Conclusion

This study demonstrated that SFV possesses potent and 
selective anticancer properties against colorectal carcinoma, 
providing a promising foundation for the development of 
novel therapeutic strategies. Comprehensive biochemi-
cal characterization revealed a complex proteomic profile 
enriched with low- and medium-molecular-weight peptides, 
many of which are known modulators of ion channels and 
apoptotic signaling pathways. Functional assays showed that 
SFV significantly inhibited viability, migration, and colony 
formation of CRC cell lines in a dose-dependent manner 
while sparing healthy colon fibroblasts, underscoring its 
therapeutic specificity. Importantly, flow cytometry and 
molecular analyses revealed that SFV triggered apoptosis 
through modulation of both intrinsic and extrinsic pathways, 
with upregulation of CASP8, BOK, and TNFRSF family 
members, as well as downregulation of oncogenic mediators 
such as BAK1 and TRAF3.

In vivo experiments provided further validation, as venom 
treatment suppressed tumor growth and reduced metastatic 
spread, with tumor volumes decreasing by approximately 
30% and tumor weights reduced by more than 68% com-
pared with untreated controls in orthotopic and subcutane-
ous xenograft mouse models. Histological and immuno-
histochemical analyses confirmed increased pro-apoptotic 
markers (Bax, p53) alongside decreased anti-apoptotic and 
oncogenic proteins (BcL-2, KRAS, NF-κB), suggesting that 
the venom not only induces apoptosis but also interferes with 
survival and proliferation signaling cascades. These findings 
highlight SFV as a natural source of bioactive compounds 
capable of targeting multiple hallmarks of colorectal cancer.

Acknowledgements  The authors sincerely thank Ozgun SIPAHIOGLU 
for his valuable contributions to the collection of scorpions from the 
specified regions.

Author contribution  Conceptualization: All authors; Methodology: 
Hasan Ufuk Celebioglu, Serdar Karakurt; Investigation: Irem Mukad-
des Bilgiseven, Cigdem Gokcek-Sarac; Data Curation: Irem Mukaddes 
Bilgiseven, Cigdem Gokcek-Sarac; Resources: Ersen Aydın Yagmur 
(venom analysis); In Vivo Study: Sinan Kandir; Writing—Original 
Draft: Serdar Karakurt; Writing—Review & Editing: All authors; 

Supervision: Serdar Karakurt. All authors have read and approved the 
final manuscript.

Funding  Open access funding provided by the Scientific and Tech-
nological Research Council of Türkiye (TÜBİTAK). This study was 
supported by the Scientific and Technological Research Council of 
Türkiye (TUBITAK; Grant No. 120Z942) and the Selcuk University 
Research Foundation (BAP, Grant No. 21401070).

Data availability  The data supporting the findings of this study are 
available within the article. Additional data that support the findings 
of this study are available from the corresponding author upon reason-
able request.

Declarations 

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Himbert C, Figueiredo JC, Shibata D, Ose J, Lin T, Huang LC, 
Peoples AR, Scaife CL, Pickron B, Lambert L, Cohan JN, Bron-
ner M, Felder S, Sanchez J, Dessureault S, Coppola D, Hoffman 
DM, Nasseri YF, Decker RW, Zaghiyan K, Murrell ZA, Hendifar 
A, Gong J, Firoozmand E, Gangi A, Moore BA, Cologne KG, El-
Masry MS, Hinkle N, Monroe J, Mutch M, Bernadt C, Chatterjee 
D, Sinanan M, Cohen SA, Wallin U, Grady WM, Lampe PD, 
Reddi D, Krane M, Fichera A, Moonka R, Herpel E, Schirmacher 
P, Kloor M, von Knebel-Doeberitz M, Nattenmueller J, Kauczor 
HU, Swanson E, Jedrzkiewicz J, Schmit SL, Gigic B, Ulrich AB, 
Toriola AT, Siegel EM, Li CI, Ulrich CM, Hardikar S (2021) 
Clinical characteristics and outcomes of colorectal cancer in the 
colocare study: differences by age of onset. Cancers 13(15):3817

	 2.	 Sawicki T, Ruszkowska M, Danielewicz A, Niedzwiedzka E, 
Arlukowicz T, Przybylowicz KE (2021) A review of colorectal 
cancer in terms of epidemiology, risk factors, development, symp-
toms and diagnosis. Cancers (Basel) 13(9):2025

	 3.	 Schuell B, Gruenberger T, Kornek GV, Dworan N, Depisch D, 
Lang F, Schneeweiss B, Scheithauer W (2005) Side effects dur-
ing chemotherapy predict tumour response in advanced colorectal 
cancer. Br J Cancer 93:744

	 4.	 Zhou J, Ji Q, Li Q (2021) Resistance to anti-EGFR therapies in 
metastatic colorectal cancer: underlying mechanisms and reversal 
strategies. J Exp Clin Cancer Res 40:328

	 5.	 Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A, Saha L 
(2023) Current and emerging therapeutic approaches for colo-
rectal cancer: a comprehensive review. World J Gastrointest Surg 
15:495

http://creativecommons.org/licenses/by/4.0/


Investigational New Drugs	

	 6.	 Sriramulu S, Malayaperumal S, Banerjee A, Anbalagan M, Kumar 
MM, Radha RKN, Liu X, Zhang H, Hu G, Sun XF, Pathak S 
(2024) AEG-1 as a novel therapeutic target in colon cancer: a 
study fromsilencing AEG-1 in BALB/c mice to large data analy-
sis. Curr Gene Ther 24:307

	 7.	 Wang S, Zhang L, Li D, Gou M (2025) Comprehensive analysis 
and experimental validation of HEPACAM2as a potential prog-
nosis biomarker and immunotherapy target incolorectal cancer. 
Curr Gene Ther 25:518

	 8.	 Jiang T, Zheng J, Li N, Li X, He J, Zhou J, Sun B, Chi Q (2024) 
<article-title update="added">Dissecting the mechanisms of 
intestinal immune homeostasis byanalyzing T-cell immune 
response in Crohn’s disease and colorectalcancer. Curr Gene Ther 
24:422

	 9.	 Tian S, Chen M, Jing W, Meng Q, Wu J (2024)  miR-1204 posi-
tioning in 8q24.21 involved in the tumorigenesis of colorectal 
cancer by targeting MASPIN. Protein & Peptide Lett 31:544

	10.	 Li M, Fan J, Hu M, Xu J, He Z, Zeng J (2024) Quercetin enhances 
5-fluorouracil sensitivity by regulating the autophagicflux and 
inducing Drp-1 mediated mitochondrial fragmentation in colo-
rectalcancer cells. Curr Mol Pharmacol 17:e18761429283717

	11.	 Liu J, Qiu S, Fu X, Zhou B, Zu R, Lv Z, Li Y, Yang L, Zhou Z 
(2025) Transcriptomic landscape of colorectal mucinous adeno-
carcinoma has similarity with intestinal goblet cell differentiation. 
Curr Genomics 26:95

	12.	 Zhang S, Gao B, Zhu S (2015) Target-driven evolution of scorpion 
toxins. Sci Rep 5:14973

	13.	 Talal S, Tesler I, Sivan J, Ben-Shlomo R, Muhammad Tahir H, 
Prendini L, Snir S, Gefen E (2015) Scorpion speciation in the 
Holy Land: multilocus phylogeography corroborates diagnostic 
differences in morphology and burrowing behavior among Scor-
pio subspecies and justifies recognition as phylogenetic, ecologi-
cal and biological species. Mol Phylogenet Evol 91:226

	14.	 Abu Afifeh B, Yağmur EA, Al-Saraireh M, Amr Z (2024) Revi-
sion of the genus Scorpio in Jordan, with a description of a 
new genus and three new species (Scorpiones: Scorpionidae). 
Euscorpius 391:1

	15.	 Romero-Gutierrez T, Peguero-Sanchez E, Cevallos MA, Batista 
CVF, Ortiz E, Possani LD (2017) A deeper examination of Thorel-
lius atrox scorpion venom components with omic technologies. 
Toxins (Basel) 9(12):399. https://​doi.​org/​10.​3390/​toxin​s9120​399

	16.	 Gomes HL, Menezes TN, Malacarne PF, Roman-Campos D, 
Gondim AN, Cruz JS, Vassallo DV, Figueiredo SG (2016) Car-
diovascular effects of Sp-CTx, a cytolysin from the scorpionfish 
(Scorpaena plumieri) venom. Toxicon 118:141

	17.	 Miller C (1995) The charybdotoxin family of K+ channel-block-
ing peptides. Neuron 15:5

	18.	 Bordon KCF, Santos GC, Martins JG, Wiezel GA, Amorim FG, 
Crasset T, Redureau D, Quinton L, Procopio REL, Arantes EC 
(2025) Pioneering comparative proteomic and enzymatic profiling 
of Amazonian scorpion venoms enables the isolation of their first 
α-Ktx, metalloprotease, and phospholipase A2. Toxins (Basel) 
17(8):411. https://​doi.​org/​10.​3390/​toxin​s1708​0411

	19.	 Xia Z, Xie L, Li B, Lv X, Zhang H, Cao Z (2024) Antimicro-
bial potential of scorpion-venom-derived peptides. Molecules 
29(21):5080. https://​doi.​org/​10.​3390/​molec​ules2​92150​80

	20.	 Duenas-Cuellar RA, Santana CJC, Magalhaes ACM, Pires 
OR Jr., Fontes W, Castro MS (2020) Scorpion toxins and ion 
channels: potential applications in cancer therapy. Toxins 
(Basel)12(5):326. https://​doi.​org/​10.​3390/​toxin​s1205​0326

	21.	 Cajado-Carvalho D, Kuniyoshi AK, Duzzi B, Iwai LK, Oliveira 
UC, Junqueira de Azevedo IL, Kodama RT, Portaro FV (2016) 
Insights into the hypertensive effects of tityus serrulatus scorpion 
venom: purification of an angiotensin-converting enzyme-like 
peptidase. Toxins (Basel) 8(12):348

	22.	 Rodriguez de la Vega RC, Possani LD (2005) Overview of scor-
pion toxins specific for Na+ channels and related peptides: bio-
diversity, structure-function relationships and evolution. Toxicon 
46(8):831

	23.	 Giovannini C, Baglioni M, Baron Toaldo M, Cescon M, Bolondi 
L, Gramantieri L (2017) Vidatox 30 CH has tumor activating 
effect in hepatocellular carcinoma. Sci Rep 7:44685

	24.	 Xu X, Duan Z, Di Z, He Y, Li J, Li Z, Xie C, Zeng X, Cao Z, Wu 
Y, Liang S, Li W (2014) Proteomic analysis of the venom from 
the scorpion Mesobuthus martensii. J Proteomics 106:162

	25.	 Celebioglu HU, Kandir S, Gokcek-Sarac C, Yagmur EA, Svensson 
B, Karakurt S (2025) Proteomic characterization of venom from 
Scorpio fuscus (Scorpiones: Scorpionidae) with perspectives for 
therapeutic applications. Toxicon 265:108506

	26.	 Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker 
M, Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, Gar-
ner P, Holgate ST, Howells DW, Karp NA, Lazic SE, Lidster K, 
MacCallum CJ, Macleod M, Pearl EJ, Petersen OH, Rawle F, 
Reynolds P, Rooney K, Sena ES, Silberberg SD, Steckler T, Wur-
bel H (2020) BMJ Open Sci 4:e100115

	27.	 Spielmann H, Genschow E, Liebsch M, Halle W (1999) Determi-
nation of the starting dose for acute oral toxicity (LD50) testing in 
the up and down procedure (UDP) from cytotoxicity data. Altern 
Lab Anim 27:957

	28.	 Iccvam N (2006) In vitro cytotoxicity test methods for estimating 
starting doses for acute oral systemic toxicity testing NIH Publ 7:1

	29.	 Matthews GJ, Motta J, Fracehia JA (1996) The accuracy of tran-
srectal ultrasound prostate volume estimation: clinical correla-
tions. J Clin Ultrasound 24(9):501

	30.	 Siegel RL, Kratzer TB, Giaquinto AN, Sung H, Jemal A (2025) 
Cancer statistics 2025. CA Cancer J Clin 75(1):10

	31.	 Estrada-Gomez S, Gomez-Rave L, Vargas-Munoz LJ, van der 
Meijden A (2017) Characterizing the biological and biochemi-
cal profile of six different scorpion venoms from the Buthidae 
and Scorpionidae family. Toxicon 130:104

	32.	 Kuzmenkov AI, Grishin EV, Vassilevski AA (2015) Diversity of 
potassium channel ligands: focus on scorpion toxins. Biochem-
istry (Mosc) 80:1764

	33.	 Oukkache N, Chgoury F, Lalaoui M, Cano AA, Ghalim N 
(2013) Comparison between two methods of scorpion venom 
milking in Morocco. J Venom Anim Toxins Incl Trop Dis 19:5

	34.	 Chen F, Qin M, Liu W, Wang F, Ren W, Xu H, Li F (2021) 
Snake venom identification via fluorescent discrimination. Anal 
Chem 93:14025

	35.	 Alomran N, Alsolaiss J, Albulescu LO, Crittenden E, Harri-
son RA, Ainsworth S, Casewell NR (2021) Pathology-specific 
experimental antivenoms for haemotoxic snakebite: the impact 
of immunogen diversity on the in vitro cross-reactivity and 
in vivo neutralisation of geographically diverse snake venoms. 
PLoS Negl Trop Dis 15:e0009659

	36.	 Quintero-Hernandez V, Jimenez-Vargas JM, Gurrola GB, Val-
divia HH, Possani LD (2013) Scorpion venom components that 
affect ion-channels function. Toxicon 76:328

	37.	 Veiga SS, da Silveira RB, Dreyfus JL, Haoach J, Pereira AM, 
Mangili OC, Gremski W (2000) Identification of high molecu-
lar weight serine-proteases in Loxosceles intermedia (brown 
spider) venom. Toxicon 38:825

	38.	 Diaz-Garcia A, Ruiz-Fuentes JL, Yglesias-Rivera A, Rodriguez-
Sanchez H, Riquenes Garlobo Y, Fleitas Martinez O, Fraga 
Castro JA (2015) Enzymatic analysis of venom from Cuban 
scorpion Rhopalurus junceus. J Venom Res 6:11

	39.	 Felipe A, Vicente R, Villalonga N, Roura-Ferrer M, Martinez-Mar-
mol R, Sole L, Ferreres JC, Condom E (2006) Potassium channels: 
new targets in cancer therapy. Cancer Detect Prev 30:375

https://doi.org/10.3390/toxins9120399
https://doi.org/10.3390/toxins17080411
https://doi.org/10.3390/molecules29215080
https://doi.org/10.3390/toxins12050326


	 Investigational New Drugs

	40.	 Asher V, Sowter H, Shaw R, Bali A, Khan R (2010) Eag and 
HERG potassium channels as novel therapeutic targets in can-
cer. World J Surg Oncol 8:113

	41.	 Jridi I, Catacchio I, Majdoub H, Shahbazeddah D, El Ayeb 
M, Frassanito MA, Ribatti D, Vacca A, Borchani L (2015) 
Hemilipin, a novel Hemiscorpius lepturus venom heterodi-
meric phospholipase A2, which inhibits angiogenesis in vitro 
and in vivo. Toxicon 105:34

	42.	 Krayem N, Abdelkefi-Koubaa Z, Marrakchi N, Gargouri Y, Luis 
J (2018) Native and recombinant phospholipases A2 of Scorpio 
maurus venom glands impair angiogenesis by targeting integ-
rins α5β1 and αvβ3. Int J Biol Macromol 116:305

	43.	 Satitmanwiwat S, Changsangfa C, Khanuengthong A, Promthep 
K, Roytrakul S, Arpornsuwan T, Saikhun K, Sritanaudomchai 
H (2016) The scorpion venom peptide BmKn2 induces apop-
tosis in cancerous but not in normal human oral cells. Biomed 
Pharmacother 84:1042

	44.	 Raposo C (2017) Scorpion and spider venoms in cancer treat-
ment: state of the art, challenges, and perspectives. J Clin Transl 
Res 3:233

	45.	 Diaz-Garcia A, Morier-Diaz L, Frion-Herrera Y, Rodri-
guez-Sanchez H, Caballero-Lorenzo Y, Mendoza-Llanes D, 
Riquenes-Garlobo Y, Fraga-Castro JA (2013) In vitro antican-
cer effect of venom from Cuban scorpion Rhopalurus junceus 
against a panel of human cancer cell lines. J Venom Res 4:5

	46.	 Al-Asmari AK, Islam M, Al-Zahrani AM (2016) In vitro analy-
sis of the anticancer properties of scorpion venom in colorectal 
and breast cancer cell lines. Oncol Lett 11:1256

	47.	 Canak HN, Bas K, Yagmur EA, Karakurt S (2025) Mesobuthus 
eupeus venom modulates colorectal carcinoma signaling path-
ways and induces apoptosis. Med Oncol 42:163

	48.	 Pandurangan AK, Divya T, Kumar K, Dineshbabu V, Velavan 
B, Sudhandiran G (2018) Colorectal carcinogenesis: Insights 
into the cell death and signal transduction pathways: A review.  
Pandurangan AK, Divya T, Kumar K, Dineshbabu V, Velavan 
B, Sudhandiran G. Colorectal carcinogenesis: Insights into the 
cell death and signal transduction pathways: A review.  World 
J Gastrointest Oncol 10:244

	49.	 Echeverry N, Bachmann D, Ke F, Strasser A, Simon HU, Kauf-
mann T (2013) Intracellular localization of the BCL-2 family 

member BOK and functional implications. Cell Death Differ 
20:785

	50.	 Neophytou CM, Trougakos IP, Erin N, Papageorgis P (2021) 
Apoptosis deregulation and the development of cancer multi-
drug resistance. Cancers (Basel) 13(17):4363. https://​doi.​org/​
10.​3390/​cance​rs131​74363

	51.	 Moradi M, Najafi R, Amini R, Solgi R, Tanzadehpanah H, Esfa-
hani AM, Saidijam M (2019) Remarkable apoptotic pathway of 
Hemiscorpius lepturus scorpion venom on CT26 cell line. Cell 
Biol Toxicol 35:373

	52.	 Al-Asmari AK, Riyasdeen A, Islam M (2018) Scorpion venom 
causes upregulation of p53 and downregulation of Bcl-x L and 
bid protein expression by modulating signaling proteins Erk 1/2 
and STAT3, and DNA damage in breast and colorectal cancer cell 
lines. Integr Cancer Ther 17:271

	53.	 Al-Asmari AK, Riyasdeen A, Islam M (2018) Scorpion venom 
causes apoptosis by increasing reactive oxygen species and cell 
cycle arrest in MDA-MB-231 and HCT-8 cancer cell lines. J Evid 
Based Integr Med 23:2156587217751796

	54.	 Bettenworth D, Mucke MM, Schwegmann K, Faust A, Poremba C, 
Schafers M, Domagk D, Lenz P (2016) Endoscopy-guided ortho-
topic implantation of colorectal cancer cells results in metastatic 
colorectal cancer in mice. Clin Exp Metastasis 33:551

	55.	 Sheth RA, Wehrenberg-Klee E, Patel SP, Brock KK, Fotiadis N, 
de Baere T (2024) Intratumoral injection of immunotherapeutics: 
state of the art and future directions. Radiology 312:e232654

	56.	 Fan S, Sun Z, Jiang D, Dai C, Ma Y, Zhao Z, Liu H, Wu Y, Cao 
Z, Li W (2010) BmKCT toxin inhibits glioma proliferation and 
tumor metastasis. Cancer Lett 291:158

	57.	 Salem ML, Shoukry NM, Teleb WK, Abdel-Daim MM, Abdel-
Rahman MA (2016) In vitro and in vivo antitumor effects of the 
Egyptian scorpion Androctonus amoreuxi venom in an Ehrlich 
ascites tumor model. Springerplus 5:570

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/cancers13174363
https://doi.org/10.3390/cancers13174363

	Scorpio fuscus venom as a promising anticancer agent against colorectal cancer
	Summary
	Introduction
	Methods
	Collection of scorpion specimens, obtaining and storage of scorpion venoms
	Characterization of venom
	UV–vis spectrum analyses
	Determination of protein concentration
	Chromatographic profiles
	Electrophoretic profiles

	In vitro studies
	Cell lines, culture conditions, and cytotoxicity analyses
	Wound healing assay
	Colony formation assay
	Apoptosis assays
	mRNA expression analysis in apoptotic and colon cancer progression pathways
	Protein expression analysis in apoptotic and colon cancer progression pathways

	In vivo studies
	Dose-range studies
	Xenograft models
	In vivo tumor implantation and treatment 
	Quantitative analysis of tumor growth
	Histopathological examination

	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


