Herbal Medicines Journal M RTINS
3 JOURNAL

https://doi.org/10.22087/hmj.2026.546377.1005
ORIGINAL ARTICLE

Chect A

edebes

Sorgolactone Induces Mitogen-Activated Protein Kinase-Mediated
Cytotoxicity in A2780S Ovarian Cancer Cells: A Biochemical and Molecular
Analysis

Fatemeh Fazeli'(?, Seyed Kazem Sabbaghz* , Zahra Ahmadnia®*’, Mohammad Reza Sarafraz-ardakani’

! Former Student of Genetics, Department of Biology, Faculty of Basic Sciences, Yazd University, Yazd, Iran.

2 Associate Professor, Department of Biology, Faculty of Basic Sciences, Yazd University, Yazd, Iran.

3 Former Student of Genetics, Department of Genetics, Faculty of Medicine, Shahid Sadoughi University of Medical Sciences,
Yazd, Iran.

* Corresponding Author: Seyed Kazem Sabbagh, Associate Professor, Department of Biology, Faculty of Basic Sciences, Yazd
University, Yazd, Iran.
Email: sksabbagh@yazd.ac.ir

Received: 10 September 2025 ;Revised: 10 December 2025; Accepted: 03 January 2026; Published: 10 January 2026

Abstract
Background and Objective: Ovarian cancer is the most lethal disease in women due to its asymptomatic

nature and late-stage diagnosis. Plant-derived compounds, such as strigolactones (SLs), are being
investigated for their potential to kill cancer cells with minimal harm to healthy tissues.

Methods: In this experimental study, the A2780S ovarian cancer cell line was treated with varying
concentrations of sorgolactone (2.5-30 ppm) for 24, 48, and 72 hours to assess anticancer efficacy. Cell
viability was evaluated using the MTT assay to determine half-inhibitory concentration (ICso) values.
Treated cells at the ICso dose were then used for total RNA extraction. Expression levels of the MAPKS
and MAPK14 genes were quantified by quantitative real-time polymerase chain reaction, with GAPDH as

2784 method.

the housekeeping gene; the resulting data were analyzed using the
Results: Sorgolactone reduced A2780S cell viability in a concentration- and time-dependent manner, with
ICso values decreasing from 30.38 ppm (24 h) to 25.76 ppm (48 h) and 20-25 ppm (72 h). Gene
expression analysis revealed significant upregulation of MAPKI14 and MAPKS. The highest expression
levels for both genes occurred at 72 hours. This study demonstrates that sorgolactone enhances a
significant time-dependent cytotoxic effect on A2780S ovarian cancer cells.

Conclusion: Given the biological properties of SLs, including their anticancer potential and anti-

inflammatory effects, the use of these compounds in the pharmaceutical industry is warranted.
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Introduction

Among gynecologic malignancies, ovarian
cancer, due to its asymptomatic nature and late-
stage diagnosis, has been the most lethal disease
in women. Based on ovarian cancer statistics,
the incidence of the disease is projected to
increase by 55% by 2050. The low five-year
survival rate and high treatment costs highlight
the need for new and inexpensive therapies (1);
however, late diagnosis and drug resistance are
two primary troubles (2). Conventional
treatments for ovarian cancer, such as surgery,
chemotherapy, and radiotherapy, are effective
but often cause adverse effects, including effects
on healthy tissues or organs, cancer fatigue, and
reduced quality of life (3, 4). These limitations
have led to an increased interest in alternative
therapies—especially ~ herbal =~ medicines—
because of their potentially lower toxicity and
promising therapeutic effects. These compounds
have demonstrated promise in cancer treatment.
Phytohormones are plant-derived compounds
that can act as human hormones, particularly
estrogens, by binding to estrogen receptors (5).
Naturally occurring substances have gained
significant attention for their potential role in the
prevention and treatment of hormone-related
cancers, such as ovarian cancer (6).
Strigolactones ~ (SLs)  are  strigol-related
compounds that affect root parasitic plant seed
germination and have been isolated and
identified from different plants. Strigol and
strigylacetate, the first SL compounds, were
isolated from the root exudates of cotton plants
(7). In 2006, different germination stimulants,
such as alectrol, orobanchol (red clover), strigol,
sorgolactone (Sorghum), and alectrol (cowpea),
were isolated and identified, and their analog
structures were synthesized. Approximately 14
SL compounds have been detected in the root
exudates of wvarious plant species (8).
Sorgolactone differs from other SLs in terms of
its chemical structure, biological activity, and
biosynthetic pathway. Sorgolactone and 5-

deoxystrigol are  lipophilic = compounds,
characterized by the absence of oxygen-
containing substituents on their A/B ring system.
ination signals (9).

Anti-cancer activity, including cell growth
inhibition and cytotoxicity, of various plant-
derived bioactive compounds has already been
demonstrated (10). The bioactive effects of SLs,
such as GR24, synthetic analogs of these
compounds in cellular or animal models, suggest
their potential for human therapy (11). Anti-
angiogenic activity has been demonstrated
both in vivo and in vitro. The in vitro results
show that GR24 inhibits the growth of
endothelial cells and various cancer cell lines,
with half-inhibitory concentration (IC50) values
in the micromolar range (12). Considering the
important role of phytohormones in plant
survival and the molecular mechanisms
underlying their action, researchers are keen to
assess their potential benefits to humans(13).
Synthetic SL analogs (e.g., MEB55, GR24) have
demonstrated potential anticancer effects by
modulating hormone signaling pathways. (14).
These analogs act by inducing DNA double-
strand breaks and inhibiting their repair,
particularly by reducing RADS51 gene expression
(14), and alter the expression of genes related to
cell cycle and apoptosis (15). The Mitogen-
Activated Protein Kinase (MAPK) signaling
cascade plays a critical role in cell growth,
differentiation, apoptosis, and stress responses.
The MAPK signaling pathway is also a crucial
regulator of cellular processes involved in
carcinogenesis and includes the extracellular
signal-regulated kinase (ERK), c-Jun N-terminal
kinase (JNK) (MAPKS8/9/10), and p38
(MAPK11/12/13/14) cascades (16). MAPKI4
(p38a) is involved in cell cycle regulation and
apoptosis and can act as both a tumor suppressor
and an oncogenic factor; p38 isoforms are
potential diagnostic markers in ovarian cancer
(17). Modulating the MAPK pathway is
therefore considered a promising therapeutic
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target in oncology. Therefore, the present study
aimed to investigate the anticancer properties of
sorgolactone in the A2780S ovarian cancer cell
line by examining its effects on cell viability,
apoptosis, and the modulation of the MAPK
signaling pathway, particularly through MAPKS
and MAPKI4.

Materials and Methods

Cell Culture and Treatment

The human ovarian cancer cell line A2780S was
obtained from the Pasteur Institute of Iran and
cultured in DMEM High Glucose (4.5 g/L)
supplemented with 10% fetal bovine serum and
L-glutamine, under standard conditions (37°C,
5% CO,).

Preparation of Sorgolactone and Treatment
Doses

Sorgolactone (C1gH2005; MW: 316 g/mol) was
provided as a stock solution in acetone at a
concentration of 107 M. Owing to its lipophilic
nature and potential hormone-like bioactivity,
sorgolactone was dissolved in methanol and
diluted in distilled water to obtain final working
concentrations of 2.5, 5, 10, 15, 20, 25, and 30
ppm. These dilutions were freshly prepared prior
to each experiment to ensure chemical stability
and biological activity during treatment.

MTT Assay
A total of 10* cells per well were seeded in 96-
well plates and incubated for 24 h. After cell

adhesion, sorgolactone at various concentrations
(in triplicate) was added. Positive controls
contained cells without treatment, and negative
controls contained neither cells nor drug. After
24, 48, and 72 h of incubation, 20 pL MTT
solution was added in the dark, and the plates
were incubated for an additional 2—4 h. Forazan
crystals were solubilized in 150 pL of dimethyl
sulfoxide, and absorbance was measured at 570
and 630 nm with an ELISA reader. ICs, values
and cell viability percentages were calculated
accordingly.

RNA Extraction, Complementary DNA (cDNA)
Synthesis, and  Quantitative  Real-Time
Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted using TRIzol
(Invitrogen) per the manufacturer's instructions.
RNA quality and integrity were confirmed via
Nanodrop spectrophotometry and agarose gel
electrophoresis. cDNA synthesis was performed
using a commercial kit (Pars Toos, Iran).
Quantitative real-time polymerase chain reaction
(qRT-PCR) was carried out using SYBR Green
ROX Master Mix (Amplicon, Denmark).
Expression levels of MAPKS, MAPKI4, and the
reference GAPDH gene were analyzed using the
27AACt method. All reactions were performed in
triplicate and repeated at least three times
independently. The primers used in this study are
listed in Table 1.

Table 1. Sequences of Primers Used for Quantitative Real-Time Polymerase Chain Reaction (qQRT-PCR).

Product
Primer Sequence Primer Length Tm GC%
Length (bp)

F- AGAATGGTGCTGCTCCTGAC 21 59/82 52/38

MAPKS 225
R-CCTTGTTGCTTATGTGAGTATGC 24 59/30 41/67
F-CTCTCCAGACCATTTCAGTCC 21 59/82 52/38

MAPKI14 141
R- 23 58/87 43/48
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Product
Primer Sequence Primer Length Tm GC%
Length (bp)
ATCATTGAATTCCTCCAGAGACC
F-
CAAGAGCACAAGAGGAAGAGAG 24 62/72 50
GAPDH AG 103
R-
22 60/25 50
TCTACATGGCAACTGTGAGGAG
Statistical Analysis Viability Response to Sorgolactone Exposure

Data from MTT and gene expression assays
were analyzed using GraphPad Prism 8.4.3. ICsp
values were determined, and group comparisons
were conducted via one-way analysis of
variance (ANOVA) followed by Tukey's post
hoc test. Fold changes in gene expression were
calculated using GenEx 6 software, with
additional analyses performed using SPSS
(version 25). A P value < 0.05 was considered
statistically significant.

Results

This study evaluated the cytotoxic effects and
gene expression responses of A2780S ovarian
cancer cells following treatment with different
concentrations of the phytohormone
sorgolactone over varying time intervals. The
results demonstrated that sorgolactone reduced
cell viability in both a concentration- and time-
dependent manner. Moreover, the expression
levels of MAPKI4 and MAPKS genes were
significantly upregulated after treatment, with
MAPKS8 showing a markedly stronger response.
Detailed findings of the cell viability assays and
gene expression analyses are presented below.

A two-way ANOVA was performed to assess the
independent and interactive effects of
sorgolactone  concentration and treatment
duration on A2780S cell viability. The results
showed that both concentration and time had
significant effects (P <0.05), indicating that the
cytotoxicity of sorgolactone is concentration-
and time-dependent. A significant interaction
between the two factors was also observed
(Table 2).

Half  Inhibitory Concentration (ICsp)
Determination of Sorgolactone in A2780S Cells
Cell viability was assessed using the MTT assay
following treatment with sorgolactone (2.5-30
ppm) for 24, 48, and 72 hours. Each
concentration was tested in triplicate. The results
showed a time-dependent increase in
cytotoxicity, with ICso values decreasing over
time: 30.38 ppm at 24 h, 25.76 ppm at 48 h, and
between 20-25 ppm at 72 h. The strongest
inhibitory effect was observed after 72 hours,
indicating a clear concentration- and time-

dependent reduction in cell viability (Figure 1).

Table 2. Two-Way Analysis of Variance (ANOVA) of Sorgolactone Effects on A2780S Cell Viability.

Source of Variation % of Total Variation P value P value Summary Significant?
Interaction 13.52 <0.0001 kA Yes
Concentration 78.56 <0.0001 ook Yes
Time 5.586 <0.0001 ook Yes

Herbal Medicines Journal. 2026, 11(1)
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Significant results (P <0.05) are marked with an asterisk.
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Figure 1. Effect of Different Concentrations of Sorgolactone on A2780S Cell Viability at 24, 48, and 72 h.

Cell viability was measured using the MTT
assay after 24 h (top left), 48 h (top right), and
72 h (bottom) of treatment with various
concentrations of sorgolactone. The results show
a significant, dose- and time-dependent decrease
in viability. Data are presented as mean + SD.

Expression Analysis of MAPK14
Relative of MAPKI4
significantly upregulated following treatment
with the ICCI[] dose of sorgolactone at all time
points. The fold changes were 2.45, 4.06, and
6.46 at 24, 48, and 72 hours, respectively,
compared to the control. The peak expression
occurred at 72 hours, suggesting
accumulative activation of MAPKI4 over time
(Figure 2).

A significant, time-dependent upregulation of
MAPKI14 expression was observed, with the

expression was
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highest increase at 72 h. Data are presented as
mean + SD. Statistical significance: P < 0.01*%*,
P <0.001%%*,
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Figure 2. MAPK14 Gene Expression Fold Change in
Sorgolactone-Treated Cells at 24, 48, and 72 h Post-
treatment Compared to the Untreated Control

Expression Analysis of MAPKS

MAPKS expression also showed a marked time-
dependent increase after treatment. Fold changes
were 19.3 at 24 h, 99.4 at 48 h, and 88.9 at 72 h.
The highest mean expression level (9.88 + 1.91)
was observed at 72 h, significantly exceeding
that of MAPKI4 (Figure 3). These results
highlight
activation

stronger,  earlier
of MAPKS in
sorgolactone treatment.

transcriptional
response  to
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Figure 3. MAPKS8 Gene Expression Fold Change in
Sorgolactone-Treated Cells at 24, 48, and 72 h Post-
treatment Compared to the Untreated Control.

A significant, time-dependent upregulation of
MAPKS expression was observed, with the
highest increase at 72 h. Data are presented as
mean + SD. Statistical significance: P < 0.01*%*,
P <0.001%%*,

Discussion

SLs are a novel class of plant hormones with
high potential for the prevention and treatment
of human diseases. To further investigate the
anticancer activity, we selected sorgolactones to
assess their effects on A2780S ovarian cancer
cells. Our experimental results showed a time-
dependent cytotoxic effect on this cell line. The
highest cell toxicity was observed after 72 h of
cell treatment with sorgolactone whereas the
lowest effect was noted at the 24 h time period.
This time-dependent increase in cytotoxicity is
consistent with previous reports on various
natural anticancer compounds. For instance, 6-
shogaol, a bioactive compound from ginger, has
been shown to induce reactive oxygen species
production, apoptosis, and cell cycle arrest in
A2780S cells in a time-dependent manner (18).
Thus, the increasing cytotoxic effect of
sorgolactone and its time-dependent nature is
consistent with the overall trend of natural
products causing cancer cell death.. In addition,
the relative expression levels of two MAPK
genes, MAPK14 (encoding p38a) and MAPKS
(encoding JNK1), were significantly upregulated

following sorgolactone treatment. Notably,
MAPKS showed a greater fold-change than
MAPKI4, suggesting stronger activation of the
JNK pathway. Therefore, based on these results,
we suggest that sorgolactone activates stress-
response pathways that may contribute to its
anticancer effects. In an experimental study, the
effects of SLs on cancer and normal prostate
cells showed that these compounds are effective
in targeting human primary prostate cancer cells
while being significantly less toxic to normal
prostate cells of the same patient, suggesting that
SLs could be a treatment option in advanced
prostate cancer. These treated cells were marked
by activation of the stress-related MAPKs: p38
and JNK, and induction of stress-related genes
(19), similar to what was examined in this study.

Previous studies have confirmed the key role of
p38 and JNK signaling in ovarian cancer and
other tumor types. A recent review highlighted
the synergistic effect of JNK and p38 MAPKs in
ovarian cancer, in which modulation of these
pathways by natural agents could help overcome
drug resistance (20). These results support the
model that several synthetic strigolactone
analogs, such as MEBS55 and ST362, induce
G2/M arrest via activation of JNK and p38
MAPKs while simultaneously suppressing
survival pathways, such as ERKI1/2 and
PI3K/AKT (15). Similarly, Pollock et al.
reported that strigolactone analogs activate the
JNK and p38 pathways, leading to cell-cycle
arrest and apoptosis in cancer cells (21).
Moreover, in A2780S cells, co-treatment with
insulin and cisplatin was shown to induce
apoptosis through activation of the JNK pathway
(22). These findings support the idea that
activation of MAPKI4 and MAPKS typically
leads to pro-apoptotic outcomes in ovarian
cancer cells.

According to Pollock et al., while MAPKI4
(p38a) generally acts as a tumor suppressor
through cell cycle inhibition and induction of
apoptosis, it may also contribute to cell survival
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in certain advanced tumors (21). Similarly,
JNK1/2 has been reported to exhibit both pro-
and anti-tumorigenic functions, with the
outcome depending on the strength and duration
of pathway activation. For example, in A2780S
cells, JNK activation 1is associated with
increased p53 polymorphism and enhanced
apoptotic response (21, 22). Conversely, Zhao et
al. reported that in chemoresistant A2780S
ovarian cancer cells, gemcitabine-induced p38
activation increased the expression of protective
genes, such as Claudin-3 and Claudin-4, thereby
promoting cell survival. This highlights the
context-dependent nature of p38 signaling,
which may lead to either pro-apoptotic or pro-
survival outcomes depending on the cellular
environment and treatment conditions (23). In
contrast, the present study showed that high
MAPKI4 expression was associated with
reduced viability, suggesting that sorgolactone
shifts p38 activity toward apoptotic signaling in
A2780S cells.

Several factors may explain the differences
between the current findings and previous
reports. Most prior studies have focused on
short-term effects (424 h) of strigolactone
analogs on MAPK phosphorylation. For
instance, Pollock et al. showed a ~15-fold
increase in JNK phosphorylation at 4 hours post-
treatment, followed by a gradual decline by 24
hours, while p38 activity remained sustained
(21). In our study, gene expression was assessed
at 72 hours; although protein phosphorylation
was not evaluated, persistent upregulation of
MAPKS and MAPK14 messenger RNA suggests
that transcription remains active. This may
reflect an earlier burst of phosphorylation
followed by prolonged gene expression.
Moreover, differences in compound type,
concentration, exposure duration, and culture
conditions (e.g., the presence of growth factors)
could all affect MAPK pathway dynamics (24).
The inherent biological characteristics of
A2780S cells, including kinase expression

profiles and feedback regulation, may also
influence  the  outcome  of  pathway
activation. Cancer cells exhibited significantly
higher sensitivity to certain SL analogs, with
increased apoptosis confirmed by PARPI1
cleavage compared to their normal cells (19). A
comprehensive evaluation of the effects of
phytohormones and  potential  anticancer
compounds requires combined assays and more
detailed proteomic analysis. Examining the
effects of these substances on the induction or
enhancement of programmed cell death
(apoptosis) could not only enrich findings in
related pharmaceutical research but also
facilitate the development of these compounds
as therapeutic agents. As mentioned in the
introduction, SLs were primarily discovered as
seed germination inducers. Recently, growing
research suggests potential pharmacological
applications of novel synthetic analogs as
selective receptor modulators with improved
safety profiles; due to the biological properties
of SLs, including anticancer potential (due to
cytotoxic activity, cell cycle arrest, induction of
apoptosis, and modulation of signaling
pathways, such as MAPKinases), anti-
inflammatory effects, and antimicrobial and
antiparasitic potential (24). In summary, our
findings are consistent with previous literature,
supporting the notion that sorgolactone, similar
to synthetic strigolactone analogs, activates
stress-responsive MAPK pathways, particularly
MAPK14 and MAPKS. While some mechanistic
details remain to be elucidated (e.g., downstream
effectors, such as claudins or Bcl-2 family
proteins), our data suggest that sorgolactone
induces apoptosis in ovarian cancer cells via
activation of the p38/JNK axis. This highlights
the therapeutic potential of sorgolactone and
underscores the need for further mechanistic
studies to elucidate its role in modulating
MAPK signaling in cancer cells.

Conclusion

Herbal Medicines Journal. 2026, 11(1)
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This study demonstrates that sorgolactone exerts
a time-dependent cytotoxic effect on A2780S
ovarian cancer cells and significantly
upregulates the expression of MAPKI4 and
MAPKS, with maximal induction observed at 72
hours post-treatment. These findings suggest
that sorgolactone triggers stress-activated
MAPK pathways, particularly the JNK and p38
cascades, contributing to its anticancer activity.
Given the context-dependent roles of MAPK
signaling in tumor progression and therapy
response, further investigation is warranted to
elucidate the downstream targets and functional
consequences of these pathways in response to
sorgolactone.
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