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Abstract
Introduction and Objective. Cervical cancer (CC) is a common cancer in women worldwide, imposing a substantial burden 
on healthcare systems. The aim of the study is to evaluate the effects of Scleromitrion diffusum (Willd.) R.J.Wang (SD) in 
combination with carboplatin (CBP) on CC cells, and to elucidate the underlying molecular mechanisms.�  
Materials and Method. The half-maximal inhibitory concentration (IC₅₀) of SD and CBP in HeLa and CaSki cells was 
determined using the cell counting kit-8 (CCK-8) assay. Cell migration and invasion were assessed by Transwell assays. Levels 
of interleukin-6 (IL-6), tumour necrosis factor‑alpha (TNF-α), and intracellular reactive oxygen species (ROS) were measured 
using enzyme-linked immunosorbent assay (ELISA). The expression of arachidonate 5-lipoxygenase (ALOX5) was analyzed 
via reverse transcription‑quantitative polymerase chain reaction (RT‑qPCR). In addition, the effects of combined SD and 
CBP treatment, as well as ALOX5 knockdown, on the malignant behaviour of cancer cells were investigated.�  
Results. The results obtained demonstrated that SD effectively inhibited the proliferation, migration, and invasion of 
HeLa and CaSki cells. The combination of SD and CBP exhibited a synergistic effect, leading to further suppression of these 
malignant phenotypes. Mechanistically, the combined treatment elevated the levels of IL‑6, TNF‑α, and ROS, and down-
regulated ALOX5 expression. Notably, knockdown of ALOX5 expression was shown to suppress the malignant behaviours 
of both HeLa and CaSki cells.�  
Conclusions. The combined application of SD and CBP markedly suppressed malignant phenotypes in HeLa and CaSki cells.
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INTRODUCTION AND OBJECTIVE

Based on the International Federation of Gynaecology 
and Obstetrics (FIGO) 2009 staging criteria, the standard 
treatment for locally advanced cervical cancer (CC, stages 
IB2–IVA) is platinum-based concurrent chemoradiotherapy 
[1]. Platinum compounds, notably cisplatin and carboplatin 
(CBP), exert their anticancer effects primarily by interfering 
with nucleotide metabolic pathways, but their efficacy in CC is 
limited by tumour evolution and tissue heterogeneity, which 
contribute to significant side-effects and the development 
of drug resistance [2]. Given these limitations, there is an 
urgent need for novel therapies that are both safer and more 
effective against CC.

Scleromitrion diffusum (Willd.) R.J.Wang (SD), also known 
as Hedyotis diffusa, is a medicinal plant with neuroprotective, 
anti-inflammatory, and antioxidant properties. Previous 
studies have shown that the ethanol extract of SD is rich 
in flavonoids and exhibits potential anticancer activity. 
For example, this extract has been shown to inhibit the 
viability of HepG2.2.15 and Hep3B hepatocellular carcinoma 
cells in vitro [3]. Additionally, studies have reported that 
the two main flavonoid components in SD – quercetin and 

kaempferol – play a significant role in CC. Quercetin not 
only inhibits proliferation and induces apoptosis in CC 
cells [4, 5] but also suppresses cell migration and invasion, 
thereby attenuating the malignant behaviours of CC cells [6]. 
Moreover, quercetin may help reverse cisplatin resistance in 
CC [7]. Kaempferol also shows promising anti‑CC activity 
by inducing apoptosis and autophagy [8]. It has been shown 
to down-regulate key glycolytic enzymes via multiple 
signalling pathways, including PI3K/AKT/HIF‑1α and JAK2/
STAT3, thus inhibiting CC progression [9]. Furthermore, 
Kaempferol can also induce apoptosis in CC cells and inhibit 
inflammation by regulating inflammatory cytokines and 
enhancing antioxidant defense [10].

Importantly, the anti‑cancer activities of quercetin and 
kaempferol are closely linked to their regulatory effects 
on arachidonic acid metabolism, particularly through 
the modulation of arachidonate lipoxygenases (ALOXs). 
Quercetin inhibits the expression of arachidonate 
lipoxygenase 5 (ALOX5), thereby suppressing apoptosis, 
inflammation, and ferroptosis in LPS-induced AC16 cells 
[12]. Similarly, kaempferol has been shown to inhibit 
lipoxygenase activity, thereby interfering with the formation 
of pro‑inflammatory leukotrienes and hepoxilins [14]. By 
targetting the arachidonic acid metabolic pathway at the 
lipoxygenase level, these flavonoids reduce the production 
of lipid mediators that promote tumour cell proliferation, 
survival, and metastasis [15]. This mechanism provides 
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a molecular basis for understanding how quercetin and 
kaempferol exert their anti‑cancer effects in CC, and 
establishes a critical connection between the bioactive 
components of SD and ALOX‑mediated carcinogenesis.

ALOXs are key enzymes that catalyze the conversion 
of polyunsaturated fatty acids into lipid hydroperoxides, 
which contribute to cell membrane damage and ferroptosis 
[16]. Among them, ALOX5 functions as a dioxygenase 
and plays a central role in regulating inflammation. It is 
also closely linked to the progression of various cancers. 
ALOX5 contributes significantly to CC pathogenesis. An 
ALOX5+ tumour-associated macrophage subset with notable 
pro-tumour transformation capacity has been identified 
in CC tissues and may influence disease progression [17]. 
Depletion of ALOX5 has been shown to inhibit cell growth 
by approximately 70% and induce apoptosis in roughly 50% 
of CC cells [18]. Additionally, in the HeLa cell line, altered 
ALOX5 expression promotes ferroptosis, thereby further 
affecting the biological behaviour of CC cells [19].

Based on the aforementioned background, this study 
was designed to evaluate the anti-CC activity of the SD 
ethanol extract and to elucidate the mechanism underlying 
the combined therapeutic effect of SD with CBP (SD+CBP), 
providing a novel therapeutic strategy for CC treatment.

MATERIALS AND METHOD

Preparation of SD extract. SD was purchased from Shanghai 
Yuanye Bio-Technology (S27202). SD herb material was 
supplied as dried whole-plant powder and authenticated 
by the pharmaceutical department according to the 
Pharmacopoeia of the People’s Republic of China (2020 
edition) specifications. The powder was subjected to triplicate 
reflux extraction (100 °C, 2 hours per cycle) in 10 volumes 
of 70% ethanol. Following filtration and concentration, the 
extract was lyophilized and stored at 4 °C. The SD extract 
was prepared and purified following a previously reported 
protocol, and its main flavonoid components were identified 
as quercetin, kaempferol, and scutellarein [20]. To ensure 
batch-to-batch consistency, raw materials were obtained from 
the same source, all extractions were performed in parallel, 
and three 3 independent preparations were carried out.

Cell culture and treatment. This study used the CC cell 
lines HeLa (Sitaimo, STM-CL-5112) and CaSki (Shang En 
Biotechnology, SNL-067), as well as the normal human 
cervical epithelial cell line HUCEC (Yaji Biological, YS1079C). 
HeLa cells were maintained in DMEM medium (Thermo 
Fisher, 12491015) supplemented with 10% foetal bovine 
serum (FBS) (Sigma‑Aldrich, F0193), 100 U/mL penicillin 
(P0389), and 100 μg/mL streptomycin (S9137). HUCEC and 
CaSki cells were cultured in RPMI‑1640 medium (R8758). 
CBP (C2538, 100 mg, purity ≥ 99%) was employed as the 
chemotherapeutic agent.

Measurement of cytotoxic synergy. Drug synergy was 
evaluated using the Chou–Talalay median‑effect method 
[21], implemented in CalcuSyn software (Biosoft, Version 
2.1). The combination index (CI) was calculated to quantify 
drug interactions, with CI = 1 indicating additivity, CI > 1 
antagonism, and CI < 1 synergy.

Identification of potential therapeutic targets. Potential 
target genes associated with CC were identified through the 
GeneCards database (www.genecards.org), while putative 
targets of SD were retrieved from the TCMSP database (www.
tcmsp-e.com).

ALOX5 transfection assay. Transfection was performed 
using Lipofectamine 2000 liposomal transfection reagent 
(Thermo Fisher, 11668030). The following constructs were 
transfected: ALOX5 knockdown plasmid (si-ALOX5), empty 
vector plasmid (si-NC). Transfection efficiency was assessed 
by quantitative polymerase chain reaction (qPCR) analysis 
of ALOX5 mRNA levels 48 hours post-transfection.

Reverse transcription-quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA extraction was performed 
with a commercial RNA/Protein Isolation Kit (Beyotime, 
R0018S). Following extraction, 1 μg of total RNA underwent 
reverse transcription in a 20 μL reaction system using 
PrimeScript™ RT Master Mix (Takara, RR036Q). The 
resulting cDNA was stored at -20 °C until further use. qPCR 
reactions were prepared with SYBR Premix Ex Taq™ (Takara, 
RR390Q) in a total volume of 20 μL, employing cDNA as 
the template. Relative gene expression was quantified via the 
2-ΔΔCt method, with GAPDH serving as the internal control. 
Each sample was tested in 3 independent biological replicates 
(n=3) and 3 technical replicates.

Enzyme-linked immunosorbent assay (ELISA). Levels of 
interleukin-6 (IL-6) and tumor necrosis factor‑alpha (TNF-α) 
were quantified using commercially available human ELISA 
kits (IL‑6: Beyotime, PI330; TNF‑α: PT518). Intracellular 
reactive oxygen species (ROS) levels were measured with a 
human ROS ELISA kit (Gilead Sciences, J21799), a kit that uses 
a double-antibody sandwich method to detect ROS content. 
Purified anti-ROS capture antibodies were pre-coated onto 
microplates; ROS in samples were captured and further bound 
with horseradish peroxidase (HRP)-conjugated detection 
antibodies to form immune complexes. Briefly, samples 
were incubated in pre-coated wells with a specific capture 
antibody, followed by the addition of an HRP‑conjugated 
detection antibody. After washing, colour development was 
initiated by adding 3,3′,5,5′-tetramethylbenzidine (TMB) 
substrate. Absorbance was then measured at a wavelength 
of 450  nm. Each ELISA detection was performed in 3 
independent biological replicates (n=3).

Cell counting kit-8 (CCK-8) assay. The CCK-8 (Beyotime, 
C0037) was used to assess cell viability. After treatment with 
a series of drug concentrations (including controls) for 24, 
48, or 72 hours, 10 μL of CCK-8 solution was added to each 
well and gently mixed. After a specified incubation period, 
the optical density (OD) at 450 nm was measured for all wells 
simultaneously using a microplate reader (Detiebio). Each 
concentration group was set with 3 independent replicates 
(n=3), and each replicate contained 3 technical repeats. The 
inhibition rate (IR) was derived using the standard formula:

IR = OD control – OD treated  × 100%                  OD control

Transwell assay. Cell migration and invasion were assessed 
with Transwell chambers (8.0 μm pore size; Corning, 3422). 
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For the invasion assay, the chamber membranes were 
pre‑coated with Matrigel (BD Biosciences, 354230). In both 
assays, cell suspensions were placed in the upper chamber, 
and the lower chamber was filled with DMEM containing 10% 
FBS as a chemo-attractant. Migration assays were performed 
using uncoated membranes. After incubation, cells that had 
traversed the membrane were fixed and stained. Images were 
captured under an optical microscope (PRECISE), and the 
number of migrated or invaded cells per field was quantified. 
Each group was tested in 3 independent replicates (n=3), and 
5 random fields were counted per replicate.

Statistical analysis. Results are expressed as mean ± 
standard deviation from at least 3 independent replicates. 
All statistical analyses were conducted with GraphPad Prism 
9.3.1 software. Inter‑group comparisons were performed 
using Student’s t‑test for 2 groups, while two‑way analysis 
of variance (ANOVA) was applied to datasets involving 2 
independent factors. A p‑value below 0.05 was considered 
statistically significant.

RESULTS

Effects of SD on HeLa and CaSki cell function. To determine 
the effect of SD on the proliferation of HeLa and CaSki cells, a 
dose-response experiment was conducted over 24, 48, and 72 
hours. The data indicated that SD inhibited the proliferation 
of both cell lines in a concentration‑dependent manner 
(Fig.  1A-B). The half-maximal inhibitory concentrations 
(IC₅₀) of SD were determined in both cell lines. In HeLa cells, 

the IC₅₀ values were 117.10 μmol/L (95% confidence interval 
[CI]: 104.30–133.20) at 24 h, 36.51 μmol/L (95% CI: 31.24–
42.71) at 48 h, and 21.70 μmol/L (95% CI: 19.66–24.33) at 72 
h. In CaSki cells, the corresponding IC₅₀ values were 160.00 
μmol/L (95% CI: 131.70–203.80) at 24 h, 50.08 μmol/L (95% 
CI: 42.67–58.95) at 48 h, and 27.03 μmol/L (95% CI: 22.78–
32.28) at 72 h. The 48‑h IC₅₀ value was subsequently selected 
for further experiments. Transwell assays demonstrated that 
SD notably inhibited the migratory and invasive capacities 
of both cell lines (Fig. 1C-D).

CI analysis of SD combined with CBP. Using the Chou-
Talalay method, the synergistic effect of SD combined with 
CBP was evaluated in HeLa and CaSki cells. After 48-hour 
treatment, CBP alone exhibited dose-dependent inhibition 
in both cell lines. The IC₅₀ of CBP was 136.4 μmol/L (95% 
CI: 126.4–147.3) in HeLa cells (Fig. 2A) and 250.6 μmol/L 
(95% CI: 200.3–330.6) in CaSki cells (Fig. 2B). Median‑effect 
analysis (Fig. 2C-2D) for single agents and the combination 
revealed linear correlations (r > 0.95). Fig. 2E and F show the 
dose-effect curves of SD, CBP alone, and the combination 
of SD + CBP in 2 cell lines. The results demonstrated that 
the combination curve was markedly left‑shifted relative 
to single‑agent treatments, indicating stronger growth 
inhibitory efficacy of the combined treatment. Fa-CI plot 
analysis (Fig. 2G-H) shows that at ED50, the CI values were 
0.652 for HeLa cells and 0.632 for CaSki cells. Both values 
were below 0.7, indicating a synergistic effect. In conclusion, 
a synergistic anti‑proliferative effect of SD and CBP was 
observed in both HeLa and CaSki cell lines.

Figure 1. Effects of SD on proliferation, migration, and invasion in HeLa and CaSki cells. (A) Viability of HeLa cells following treatment 
with different concentrations of SD at 24, 48, and 72. (B) Viability of CaSki cells following treatment with different concentrations of 
SD at 24, 48, and 72 h. (C) Migration abilities of HeLa and CaSki cells after treatment with SD for 48 h. (D) Invasion abilities of HeLa and 
CaSki cells after treatment with SD for 48 h. Data are presented as mean ± SD from 3 independent experiments (n=3).
***p < 0.001
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Figure 2. Evaluation of the synergistic interaction between SD and CBP. (A) Viability of HeLa cells treated with increasing concentrations of CBP 
for 48 h. (B) Viability of CaSki cells treated with increasing concentrations of CBP for 48 h. (C) Median-effect analysis of SD and CBP combination 
treatment in HeLa cells. (D) Median-effect analysis of SD and CBP combination treatment in CaSki cells. (E) Dose-response curves of SD, CBP alone, 
and their combination in HeLa cells. (F) Dose-response curves of SD, CBP alone, and their combination in CaSki cells. (G) Fa-CI plot for CBP and SD 
combination in HeLa cells. (H) Fa-CI plot for CBP and SD combination in CaSki cells. Data were obtained from 3 independent experiments (n=3)
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Influence of SD combined with CBP on HeLa and CaSki cell 
function. In this study, the IC50 concentrations of SD and 
CBP were chosen for combination experiments. IC50 levels 
were selected to ensure a moderate but consistent cytotoxic 
background, which allows for clear and reliable detection of 
synergistic growth inhibition. In contrast to sub-inhibitory 
concentrations such as IC25/IC30, which may produce weak 
and variable effects, IC50 values provide a sufficiently robust 
baseline to unambiguously distinguish enhanced efficacy of 
the combination from individual agent effects. As shown in 
Figure 3A-B, compared to control, treatment with CBP alone 
significantly reduced cell viability in both HeLa and CaSki 
cell lines. This inhibitory effect was substantially greater when 
CBP was combined with SD, suggesting an enhancement of 
the anti-proliferative activity. Furthermore, in Transwell 
migration and invasion assays, CBP monotherapy attenuated 
both processes. The combination of SD and CBP resulted 
in a more pronounced suppression of cell migration and 
invasion (Fig. 3C-D). Taken together, these functional 
assays demonstrated that, relative to CBP monotherapy, the 
combination of SD and CBP produces a more potent effect 
in suppressing proliferation and inhibiting the migratory 
and invasive capacities.

Mechanistic exploration of the combination of SD and 
CBP. To further explore the mechanisms underlying the 
combination therapy, its influence on inflammatory pathways 
and oxidative stress was assessed. Notably, previous studies 
have linked elevated levels of inflammatory cytokines, 
including IL-6 and TNF-α, to an increased risk of CC [22, 

23]. Elevated levels of IL‑6 and TNF‑α were observed after 
single‑agent treatment with CBP or SD (Fig. 4A‑B). This 
induction was further augmented by combination treatment, 
indicating that the 2 agents act synergistically to strongly 
activate pro‑inflammatory signaling. Oxidative stress is also 
involved in CC progression [24]. Detection results showed 
that both SD and CBP monotherapy significantly increased 
intracellular ROS levels. The increase in ROS levels was even 
more pronounced in the combined therapy group (Fig. 4C).

Furthermore, potential targets of SD and genes associated 
with CC were obtained by intersecting the TCMSP and 
GeneCards databases. Among the 5 overlapping targets 
identified, ALOX5 was selected for further mechanistic 
investigation (Fig. 4D) due to its high association score 
with CC in GeneCards (score: 61) and its documented role 
in regulating inflammatory and oxidative stress pathways 
[25], which aligns with the phenotypic observations of this 
study. Experimental results showed that SD significantly 
suppressed ALOX5 expression, and this inhibitory effect 
was more pronounced in the combination treatment group 
(Fig. 4E).

These findings suggested that SD and CBP may enhance 
their anti‑CC effects by co‑regulating the ALOX5‑mediated 
inflammation‑oxidative stress axis.

Impact of ALOX5 expression on the biological behaviour of 
HeLa and CaSki cells. Initial analysis of ALOX5 expression 
in HeLa and CaSki cells revealed significantly elevated mRNA 
levels compared to normal cervical epithelial cells (HUCEC). 
Subsequently, 48 hours post-transfection, knockdown 

Figure 3. Effects of SD combined with CBP on biological functions of HeLa and CaSki cells. (A) Viability of HeLa cells after treatment with 
SD, CBP alone, or their combination. (B) Viability of CaSki cells after treatment with SD, CBP alone, or their combination. (C) Migration 
abilities of HeLa and CaSki cells under SD and CBP combined treatment. (D) Invasion abilities of HeLa and CaSki cells under SD and 
CBP combined treatment. Data are expressed as mean ± SD of 3 independent experiments (n=3).
**p < 0.01; ***p < 0.001
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efficiency was validated by RT-qPCR. As shown in Figure 
5A, ALOX5 mRNA levels were reduced by approximately 
51% in HeLa cells (from 2.45 to 1.19) and by approximately 
52% in CaSki cells (from 2.41 to 1.16) following si-ALOX5 
transfection, confirming successful knockdown. Functional 
assays revealed that knockdown of ALOX5 significantly 
reduced cell viability (Figure 5B-C), as well as migration and 
invasion capabilities (Figure 5D-E), in both HeLa and CaSki 
cells. Moreover, ALOX5 knockdown also led to increased 
levels of inflammatory cytokines (Fig. 5F-G) and elevated 
intracellular ROS (Fig. 5H). Taken together, these results 
suggested that down-regulation of ALOX5 not only inhibits 
proliferation, migration, and invasion of CC cells, but also 
enhances inflammatory response and oxidative stress, which 
may collectively contribute to the suppression of malignant 
progression.

DISCUSSION

For locally advanced or early-stage CC, conventional 
treatments mainly include surgery, chemotherapy, and 
radiotherapy. Chemotherapy is commonly used for patients 
with advanced or recurrent disease, but its efficacy is often 
limited by the development of chemoresistance in cancer 
cells [26]. Notably, approximately 50% of patients experience 
recurrence or metastasis after treatment, with recurrence rates 
reaching to 50%–70% in stages IIB–IVA of the disease [17]. 
Therefore, the development of novel therapeutic strategies 
and agents is critical for improving clinical outcomes in CC.

TCM herbs are frequently employed as complementary or 
alternative approaches in cancer therapy due to their diverse 
chemical compositions, favourable safety profiles, and wide 
availability [2]. SD, a natural botanical extract, has been 
utilized in the treatment of various malignancies [27–29]. 

Studies have shown that SD inhibits the proliferation and 
migration of hepatocellular carcinoma cells without inducing 
significant weight loss or hepatorenal toxicity in animal 
models [30]. Furthermore, SD exhibits anti‑inflammatory 
effects by targeting the STAT3 signalling pathway, and has 
been investigated for its potential application in lung cancer 
treatment [20].

SD exhibits physiological activity in various types of 
cancer. Its monomeric components have been shown to 
inhibit CC. However, the overall mechanism of action of 
the SD extract in CC remains poorly understood. Based on 
this background, the present study further investigated the 
effects of the ethanol extract of SD in HeLa and CaSki cell 
models. The results indicated that the extract influences 
several malignant biological behaviours of cells, specifically 
by inhibiting proliferation, migration, and invasion. The 
above findings suggested that the SD ethanol extract may 
intervene in the progression of CC through multiple targets 
and multiple pathways. Its effect may be attributed not only 
to a single known component, but also to the synergistic 
action of multiple components in the extract.

The present study further investigated the anti-CC effects 
of SD combined with CBP. Experimental results indicated 
that SD and CBP together exhibited synergistic effects in 
vitro. Compared to monotherapy, the combination treatment 
more significantly inhibited the proliferation, migration, and 
invasion of HeLa and CaSki cells, while also elevating IL-
6, TNF-α, and intracellular ROS levels. The elevated levels 
of inflammatory cytokines and increased ROS observed 
suggest that the combination of SD and CBP triggers a pro-
inflammatory cytotoxic stress response. This phenomenon, 
characterized by the acute and robust production of 
inflammatory mediators and ROS, is fundamentally distinct 
from chronic tumour-promoting inflammation. Studies 
have shown that TNF-α exerts direct cytotoxic effects on 

Figure 4. Mechanistic effects of SD combined with CBP in HeLa and CaSki cells. (A) IL‑6 levels in HeLa and CaSki cells after SD‑CBP combination treatment. (B) TNF‑α 
levels in HeLa and CaSki cells after SD‑CBP combination treatment. (C) Intracellular ROS levels in HeLa and CaSki cells after SD‑CBP combination treatment. (D) Venn 
diagram of overlapping target genes between SD and cervical cancer. (E) ALOX5 mRNA expression in HeLa and CaSki cells after SD‑CBP combination treatment. Data 
are shown as mean ± SD from 3 independent experiments (n=3).
**p < 0.01; ***p < 0.001
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Figure 5. Effects of ALOX5 knockdown on biological behaviors of HeLa and CaSki cells. (A) ALOX5 mRNA expression levels in HeLa and CaSki 
cells after siRNA transfection. (B) Viability of HeLa cells after knockdown of ALOX5. (C) Viability of CaSki cells after knockdown of ALOX5. (D) 
Migration abilities of HeLa and CaSki cells following ALOX5 silencing. (E) Invasion abilities of HeLa and CaSki cells following ALOX5 silencing. 
(F) IL‑6 levels in HeLa and CaSki cells after ALOX5 knockdown. (G) TNF‑α levels in HeLa and CaSki cells after ALOX5 knockdown. (H) Intracellular 
ROS levels in HeLa and CaSki cells after ALOX5 knockdown. Data are presented as mean ± SD of 3 independent experiments (n=3).
**p < 0.01; ***p < 0.001
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cancer cells, especially under oxidative stress, supporting its 
potential as an anticancer agent [31, 32]. Furthermore, IL-6 
can sensitize cancer cells to the extrinsic apoptotic pathway 
by upregulating death receptors (DR4 and DR5) in a p53-
dependent manner, thereby enhancing TNF-α-induced and 
TRAIL-mediated cell death [33].

Previous studies have indicated that combining herbal 
medicines with Western drugs or other herbs holds promise 
for improving patient prognosis in various cancers. For 
instance, the combination of Scutellaria barbata D. Don 
(SB) and SD (SB-SD) is commonly used in the treatment of 
ovarian cancer [2]. In CC, the combination of paclitaxel, CBP, 
and bevacizumab has also been demonstrated to be effective 
and well-tolerated in patients with advanced or recurrent 
disease [34]. The findings of this study suggested that the 
combination of SD and CBP may substantially interfere with 
the malignant biological behaviours of CC cells, providing 
experimental support for potential clinical combination 
therapy. Mechanistically, combining herbal extracts with 
chemotherapeutic agents can enhance anti-tumour efficacy 
via multiple pathways, including regulating oxidative stress, 
inducing cell cycle arrest, inhibiting signalling pathways, 
or reversing drug resistance [35]. The observed synergistic 
increases in inflammatory cytokines, along with elevated ROS 
levels, suggested that activation of inflammatory pathways 
and oxidative damage may contribute to the mechanism of 
the combined treatment. These findings implied that SD 
and CBP may cooperatively modulate oxidative stress and 
inflammatory responses, thereby enhancing the inhibitory 
effect on CC cells.

This study also observed elevated ALOX5 expression in 
HeLa and CaSki cells, which was significantly down-regulated 
following combined treatment with SD and CBP. Previous 
studies have indicated that up-regulated ALOX5 expression is 
associated with disease progression across various tumours. 
In pancreatic cancer, ALOX5 has been shown to promote 
M2 macrophage polarization, enhance cancer cell invasion 
and metastasis, and correlate with poor clinical prognosis 
[36]. In addition, other studies have reported that ALOX5 
and its metabolite 5-HETE are significantly up-regulated in 
CC compared with normal tissues, and ALOX5 inhibitors 
exhibit significant anti-cancer activity in this malignancy 
[18]. Consistent with these findings, in the current study, the 
loss-of-function experiments using siRNA-mediated ALOX5 
knockdown revealed that silencing ALOX5 significantly 
inhibited the proliferation of both HeLa and CaSki cells, as 
demonstrated by reduced OD values in CCK-8 assays over 
72 hours. Furthermore, transwell assays showed that ALOX5 
knockdown markedly suppressed cell migration and invasion 
in both cell lines. In parallel, ALOX5 silencing not only 
suppressed the proliferation, migration, and invasion of CC 
cells but also triggered an acute cytotoxic stress response, as 
evidenced by elevated levels of pro-inflammatory cytokines 
(IL-6, TNF-α) and intracellular ROS. While chronic low-
grade inflammation typically promotes tumourigenesis, the 
acute and robust release of these factors following ALOX5 
inhibition represents a stress response that reflects lethal 
metabolic imbalance in cancer cells deprived of a survival 
shield, rather than the establishment of a tumour-promoting 
microenvironment.

These findings indicate that ALOX5 functions as 
a pro-survival factor critical for maintaining redox 
homeostasis and protecting CC cells from stress-induced 

death. Mechanistically, ALOX5 knockdown may disrupt 
arachidonic acid metabolism, leading to the accumulation 
of lipid mediators and activation of death pathways, possibly 
through modulating mitochondrial function [37]. Together, 
these results show that ALOX5 modulates key oncogenic 
processes in CC cells, and its disruption leads to ROS 
accumulation, inflammatory cytokine production, and 
the subsequent inhibition of malignant phenotypes. This 
evidence further supports the rationale for targeting ALOX5 
in CC therapy.

Limitations of the study. This study also had several notable 
limitations. First, all experiments were performed only at the 
cellular level in vitro, and no in vivo studies using animal 
models were conducted to validate the anti-tumour effects 
of SD combined with CBP, which limits the translational 
significance of the findings. Second, the expression of ALOX5 
was solely detected at the transcriptional level by RT‑qPCR, 
and no further verification was performed at the protein 
level, such as Western blotting or immuno-fluorescence 
staining, weakening the reliability of the mechanistic 
conclusions. Third, the underlying molecular pathways 
were not fully confirmed; in particular, the involvement 
of ferroptosis and its representative markers was not 
explored, resulting in an incomplete interpretation of the 
mechanism underlying the synergistic effect. In addition, 
the synergistic mechanisms mediated by specific active 
components in SD with CBP were not elucidated in depth. 
Furthermore, the UPLC chromatographic fingerprint and 
detailed flavonoid composition of the SD extract were not 
provided, which somewhat compromises the reproducibility 
of the experiments.

Future studies should focus on in vivo validation in 
appropriate animal models, protein‑level detection of 
ALOX5, identification of ferroptosis and other related 
signalling pathways, as well as the pharmacokinetic and 
pharmacodynamic interactions of key components in 
SD combined with CBP, and comprehensive chemical 
characterization of the extract.

CONCLUSIONS

In summary, the combination of SD and CBP significantly 
suppressed proliferation, migration, and invasion, while 
elevating IL‑6, TNF‑α, and intracellular ROS levels in 
HeLa and CaSki cells. Modulation of ALOX5 expression 
was further shown to inhibit malignant behaviours in these 
cancer cells.
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