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Abstract
Background. Thyroid carcinoma (TC), the most prevalent endocrine cancer worldwide, has become progres-
sively more common, especially in women. Most TCs are epithelial-derived differentiated TCs, specifically 
papillary thyroid cancer (PTC). Although there are many therapeutic drugs available, curing TC is a difficult task.

Objectives. A flavone called eupatorin (EUP) obtained from herbs can prevent the growth of many types 
of cancerous cells. Nonetheless, the mechanisms of EUP’s actions against PTC are still unknown.

Materials and methods. The goal of our work was to evaluate the mechanisms of EUP (20 and 30 µM/mL) 
and examine its antiproliferative and apoptotic effects on human PTC cells BCPAP. The MTT test; dual acridine 
orange/ethidium bromide (AO/EB), rhodamine-123 (Rh-123), and 4′,6-diamidino-2-phenylindole (DAPI) stain-
ing; adherence assays; and western blot analyses were used to evaluate the antiproliferative and apoptotic 
properties of EUP on BCPAP cells.

Results. Our research showed that the quantity-dependent administration of EUP inhibited the proliferation 
of BCPAP cells, which in turn caused apoptosis through the increase in caspase-9 and p53 protein expression 
and the reduction of proliferating cell nuclear antigen (PCNA) levels. Additionally, when P13K/AKT signaling 
is inhibited by nuclear factor kappa B (NF-κB), EUP reduces inflammation and BCPAP proliferation.

Conclusions. By blocking the NF-κB and P13K/AKT pathways, EUP can reduce the growth of BCPAP cells 
and promote cell death.
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Background

Thyroid cancer (TC) is a fatal tumor of the endocrine sys-
tem, and its prevalence has been progressively increasing 
over the past 30 years.1,2 The major etiology of TC is envi-
ronmental factors, radiation exposure, gender, family his-
tory, and lifestyle choices.3 A recent study documented that 
intense living environments accompanied by working with 
gravitational variations may impair the function of the thy-
roid and affect various carcinomas.4 The frequently occur-
ring form of malignant TC is papillary thyroid carcinoma 
(PTC), which accounts for 80–85% of all human TCs.5 Cur-
rently, the available treatments of TC rely on radioiodine 
ablation, suppression of thyroid-stimulating hormone and 
surgery.6 These remedies are generally effective for the ma-
jority of TCs. However, advanced TC, including recurrent, 
131I-refractory and metastatic or medullary TCs, remains 
a therapeutic challenge. Therefore, it is crucial to develop 
an effective therapeutic agent for these patients.

Herbal-based natural bioactive components have anti-
cancer efficacy in numerous tumors, which can also be 
combined with traditional chemotherapy medications 
to enhance their anticancer properties.7,8 Eupatorin (EUP) 
is a natural flavone isolated from several herbal plants.9 
Eupatorin has been established as an antiproliferative agent 
in numerous carcinoma cells, including gastric neoplasms, 
cervical adenocarcinoma, breast neoplasm cells, melanoma, 
and colon cancer cells.10–12 Eupatorin activates apoptosis 
and concurrently inhibits the angiogenesis, invasion and 
migration of MCF-7 and MDAMB-231 cells by inactiva-
tion of the p-Akt pathway.13 It has been documented that 
co-administring EUP with DOX in colon cancer triggered 
mitochondrial-facilitated apoptosis with an elevated ratio 
of Bax/Bcl-2, increased levels of caspase-3 and increased 
PARP cleavage.14 An earlier study recognized that EUP 
halts the cell cycle at the G2–M stage in leukemia cells and 
prompts apoptosis by the stimulation of numerous cas-
pases, discharge of cytochrome-c (cyt-c), and subsequently 
PARP cleavage through the instigation of the MAPK signal-
ing. It was proposed that EUP-induced leukemia cell apop-
tosis is facilitated by the extrinsic and intrinsic apoptotic 
pathways.15 Currently, no report is available on the apop-
totic and cytotoxic efficacy of EUP on PTC cells.

Apoptosis is a specific kind of programmed cell death, 
which is characterized by variations in cellular morphol-
ogy and nuclear alterations that commonly occur without 
inflammation. The crucial events that occur in the develop-
ment of tumor progression are the inhibition of apoptotic 
cell death and organized de-restricted cellular propaga-
tion.16 Malignant cells exhibit numerous systems that al-
low them to evade apoptosis triggered by chemotherapeutic 
medications, including p53 mutations, which is an impor-
tant status.17 Enhancing responses might be beneficially 
achieved by either growing a p53-self-regulating, pro-apop-
totic target or altering the appearance and transcriptional 
function of p53 to chemotherapy agents.18 Nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-κB) 
dynamically functions in many cancer cells and controls 
a sequence of essential proceedings in cancer progression 
including cell proliferation, cell survival, invasion, and angio-
genesis.19 The triggered NF-κB signalosome complex primes 
downstream signaling, which stimulates the transcription 
of proinflammatory intermediaries, including cyclooxygen-
ase-2 (COX-2), inducible nitric oxide synthase (iNOS), inter-
leukin 6 (IL-6), and tumor necrosis factor alpha (TNF-α).20 
These mediators triggered various immune reactions that are 
critical for carcinoma initiation in tissues.21 For cell existence, 
NF-κB generally represses cell death by enhancing the tran-
scription of anti-apoptotic genes encoding proteins such 
as Bcl-2 and Bcl-XL.22 Hence, inhibition of NF-κB may be 
efficient in triggering apoptosis of neoplasms. The PI3K/Akt 
signaling has been shown to play a crucial role in cell prolifer-
ation, cell adhesion, invasion, migration, and apoptosis in di-
verse human cancers. The overexpression of the PI3K/AKT 
pathway appears to be linked to malignancies and poor prog-
nosis in numerous human carcinomas.23 Also, the PI3K/AKT 
pathway has been determined to be a characteristic of fol-
licular carcinomas and ATCs, but it is less prevalent in PTC.24 
Furthermore, targeting the PI3K/AKT pathway has been 
supported to be an effective medicinal approach for treating 
both solid human tumors and TC.25,26

Objectives

In the current research, we inspected the efficacy of EUP 
on apoptosis and the inhibition of PTC cell BCPAP prolif-
eration and explored the molecular mechanism of the an-
ticancer effects through an  analysis of  the  regulation 
of NF-κB and P13K/AKT pathways.

Materials and methods

Chemicals

Eupatorin (purity: ≥98%), antibiotics, phosphate-buff-
ered saline (PBS), RPMI 1640 medium, fetal bovine se-
rum (FBS), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) assay, acridine orange/ethidium 
bromide (AO/EB), dimethyl sulfoxide (DMSO), Rh-123, 
and DAPI(4′,6-diamidino-2-phenylindole) were purchased 
from Gibco (Waltham, USA). The primary and secondary 
antibodies were bought from Abcam (Cambridge, UK).

Cell culture

BCPAP human PTC cells were bought from the Peking 
Union Cell Resource Centre (Beijing, China). Cultured 
the BCPAP cells using RPMI 1640 media along with FBS 
(10%), penicillin/streptomycin antibiotics (1%) at 37°C, 
in a 5% CO2 environment, and humidified air below 95%.
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Cell proliferation assay

Human BCPAP cell proliferation was performed accord-
ing to MTT assay.27 The BCPAP cells were disseminated 
into 96 wells and cultured at 37°C using a 5% CO2 wet in-
cubator. After an overnight incubation period, the BCPAP 
cells were cultured for 24 h with various quantities of EUP 
(5–50 μM/mL). Later, the sustained BCPAP human PTC 
cells underwent MTT (10 μL) testing and maintained for 
an extra 4 h to allow MTT conversion into insoluble crystals 
of formazan. The DMSO (150 μL) was then used to dissolve 
the resultant insoluble crystals. The estimated viability was 
performed at 490 nm using Agilent BioTek Synergy Neo2 hy-
brid multimode reader (BioTek Instruments, Colmar, France). 
Cell cytotoxicity was determined as the ratio of viability 
compared to control DMSO (150 μL) cells (100%). The value 
of IC50 was obtained using the below equation:

cell viability inhibition (%) = (control OD – test OD) × 100,

where OD is optical density.

BCPAP cell apoptosis was evaluated 
by AO/EB staining

Human BCPAP cell morphology of apoptosis was as-
sessed with AO/EB staining.28 BCPAP cells were exposed 
to 20 and 30 µM/mL of EUP and incubated for 24 h. All 
groups were administered AO/EB dye (100 µg/mL of each 
dye) and preserved for 30 min at room temperature under 
dark conditions. The remaining unbound dye was removed 
with PBS washing and viewed through a fluorescence mi-
croscope (Nikon Eclipse TS100; Nikon Corp., Tokyo, Japan).

Assessment of BCPAP cell apoptosis

Apoptosis is a functional form of cell death that is distin-
guished by significant DNA fragmentation and physical fea-
tures.29 Human BCPAP cells were dispersed in well plates 
and kept in a humidified CO2 (5%) incubator at 37°C for 
24 h. Various amounts (control, 20 μM/mL and 30 μM/mL) 
of EUP were administered to the cells. Subsequent control 
and treated cells were washed twice with PBS, fixed by para-
formaldehyde (4%), rinsed, DAPI-stained, and then incubated 
for 20 min. Then, DAPI-treated BCPAP cells were exposed 
to staining with Rh-123 and incubated at 37°C for 30 min. 
The stained cells were methanol washed 2-fold to eliminate 
extra dyes and immersed with PBS, and the mitochondrial 
membrane potential (MMP) variant was viewed using a fluo-
rescence microscope (Nikon Eclipse TS100; Nikon Corp.).

Assay for cell adhesion analysis

Human BCPAP cells were immersed in RPMI 1640 cul-
ture media and pre-treated with EUP (control, 20 μM/mL 
and 30 μM/mL) and sowed in a 24-well fibronectin-coated 
(500 μL/well) plate. The whole well plate was preserved 

at 37°C for 60–100 min; then, non-adherent cells were 
removed and taken apart evenly twice with PBS cleaning. 
Next, 94% paraformaldehyde fixation in each well was kept 
at 4°C incubation for 5 min. After incubation, TB (0.4%) 
staining of the adherent cells was counted using fluores-
cence microscopy (Nikon Eclipse TS100; Nikon Corp.).29

Western blotting assay

Untreated BCPAP cells and 20 and 30 µM/mL of EUP-
treated human BCPAP cells that had been cultured for 
24 hours were used to create the cellular lysates for Western 
blot analysis. To guarantee protease inhibitory activity, lysis 
buffer was employed in extremely cold temperatures. Briefly, 
the entire protein was estimated by consuming the protein 
BCA Assay Kit (Pierce Chemical Co, Rockford, USA). Sub-
sequently, quantified proteins were dispersed electropho-
retically and moved to a polyvinylidene difluoride (PVDF) 
film. It was blocked by using a probe at room temperature 
for 1 h using the primary antibodies (PCNA, P53, caspase-3, 
TNF-α, NF-κB, COX-2, iNOS, IL-6, PI3K, p-PI3K, Akt, and 
p-Akt) in 1:1,000 dilutions and kept at 4°C overnight. Then, 
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies were administered. Afterward, the protein bands 
were stained and imagined for protein identification, quan-
tifying the protein bands through densitometry with ImageJ 
software (National Institutes of Health (NIH), Bethesda, 
USA) and homogeneous to β-actin expression.

Statistical analyses

The data from each group were analyzed statistically 
using GraphPad Prism v. 8.0.2 (GraphPad Software, San 
Diego, USA) and IBM SPSS software v. 25 (IBM Corp., 
Armonk, USA). The measurement data were reported 
as medians (min–max). The normality of the distribu-
tion was tested using the Kolmogorov–Smirnov test. Since 
all the distributions were normal, the Brown–Forsythe 
test was used to establish the equality of variances, and 
then significant differences between multiple groups were 
analyzed using the Kruskal–Wallis test, and Dunn’s post 
hoc test was used for multiple comparisons. If the p-value 
was <0.05, the data divergence was statistically notable. 
All tests in this study were bilateral tests.

Results

The Results of the Kruskal–Wallis test and Dunn’s post 
hoc test are presented in Table 1 and Table 2.

Antiproliferative efficacy of EUP 
on BCPAP cells

The antiproliferative assay of BCPAP cells was estimated 
using the MTT experiment in a dose-dependent manner 
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(5–50 μM/mL) of EUP. Results showed that EUP dimin-
ished cell proliferation through its antiproliferative and 
cytotoxic deeds on BCPAP cells in a dosage-dependent 
way. Administration of EUP at a quantity less than 15 μM 
did not considerably amend BCPAP cell proliferation. 
However, moderate dosages of EUP (20 and 30 μM/mL) 
significantly decreased (p < 0.05) BCPAP cell viability com-
pared to controls. A high dose of EUP (50 μM) impaired 
the BCPAP cells. After the MTT test, the  IC50 assess-
ment of EUP was 30 μM for BCPAP cells. The inhibitory 

concentration values of 20 and 30 μM/mL of EUP have 
been obtained for additional examination (Table 1, Fig. 1).

Effect of EUP on BCPAP cell apoptosis 
presented using the AO/EB dual method

Human BCPAP cell apoptosis was envisioned as distinct 
aberrations in morphology attributed to the AO/EB stain-
ing method. Untreated BCPAP control cells were visible 
as consistently live green-stained cells. Administration 
of EUP (control, 20 μM/mL and 30 μM/mL) in the BCPAP 
cells caused significant (p < 0.05) cell apoptosis in a quan-
tity-reliant manner. Eupatorin (20 μM) treatment revealed 
primary apoptotic cells comprised of condensation of chro-
matin and membrane eruption, depicted as dots of light 
greenish and yellow. Supplementation of EUP (30 μM) ex-
posed late apoptotic cells presenting an orange color be-
cause of ethidium bromide co-stain (Fig. 2).

Effect of EUP on the BCPAP cells, MMP loss 
and nuclear morphology

The effect of EUP on human BCPAP cells’ morpho-
logical features, membrane integrity, nuclear condensa-
tion, nuclear fragmentation, and MMP were evaluated. 
The technique of DAPI staining can be utilized to identify 
DNA fragmentation in apoptotic bodies. Supplementa-
tion of the EUP (20 and 30 µM/mL) to the BCPAP cells 
triggers apoptosis, developing nuclear condensation and 
disintegration of nuclear bodies compared to controls. 
This outcome exposed the  antiproliferative efficacy 

Fig. 1. Eupatorin inhibits human BCPAP cell proliferation. BCPAP human 
papillary thyroid cancer (PTC) cells were administered with different 
quantities (5–50 µM/mL) of flavone called eupatorin (EUP) for 1 day. 
Cell cytotoxicity was estimated using the MTT test. Data were displayed 
as medians (min–max), and the statistical significance was measured 
as *p < 0.05 against controls

Table 1. Comparison of the groups regardig MTT assay results

Variables Control 5 μM 10 μM  20 μM 30 μM 40 μM 50 μM Test value 
(H)** p-value*

MTT
100.03 

(90.98–108.98)
87.34 

(79.44–95.16)
73.56 

(66.91–80.15)
60.74 

(55.25–66.17)
51.77 

(47.0–56.41)
39.19 

(35.64–42.70)
26.21 

(23.84–28.56)
39.53 <0.001

Data were present as median (min–max); *p-value was generated from Kruskal–Wallis test with Dunn’s post hoc test; **degrees of freedom (df) = 5.

Table 2. Groups compared with each other regarding other parameters

Variables Control 20 μM 30 μM Test value (H)** p-value*

PCNA 1.00 (0.91 to 1.09) 0.74 (0.67 to 0.81) 0.49 (0.45 to 0.53) 15.23 <0.001

P53 1.00 (0.91 to 1.09) 1.25 (1.14 to 1.36) 2.10 (1.91 to 2.29) 15.20 <0.001

Caspase-3 1.00 (0.91 to 1.09) 1.02 (0.93 to 1.11) 1.97 (1.79 to 2.15) 11.82 0.003

TNF-α 1.00 (0.91 to 1.09) 0.69 (0.63 to 0.75) 0.46 (0.42 to 0.50) 15.26 <0.001

NF-κB 1.00 (0.91 to 1.09) 0.58 (0.53 to 0.63) 0.41 (0.37 to 0.45) 15.23 <0.001

COX-2 1.00 (0.91 to 1.09) 0.60 (0.55 to 0.65) 0.37 (0.34 to 0.40) 15.26 <0.001

iNOS 1.00 (0.91 to 1.09) 0.54 (0.49 to 0.59) 0.39 (0.35 to 0.43) 15.26 <0.001

IL-6 1.00 (0.91 to 1.09) 0.75 (0.68 to 0.82) 0.48 (0.44 to 0.52) 15.26 <0.001

PI3K/p-PI3K 1.00 (0.91 to 1.09) 0.81 (0.74 to 0.88) 0.53 (0.48 to 0.58) 15.22 <0.001

AKT/p-AKT 1.00 (0.91 to 1.09) 0.76 (0.69 to 0.83) 0.47 (0.43 to 0.51) 15.22 <0.001

Data was present as median (min and max). * p-value was generated from Kruskal–Wallis test with Dunn’s post hoc test. ** degrees of freedom (df) is equal to 2.  
TNF-α – tumor necrosis factor alpha; PCNA – proliferating cell nuclear antigen; NF-κB – nuclear factor kappa-light-chain-enhancer of activated B cells; 
COX-2 – cyclooxygenase-2; iNOS – inducible nitric oxide synthase; IL-6 – interleukin 6.
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of EUP on BCPAP cells in a quantity-dependent way. 
The MMP is permeable to ions and yields a promising 
electrical abnormality. Fluorescence microscopic im-
ages showed the accumulation of Rh-123 fluorescence 
dye from orange red to green compared in vehicle con-
trol and the accumulation found to be decreased in EUP 
treated BCPAP cells at various concentrations (20 µM/mL 
and 30 µM/mL). Rh-123 staining exhibited mitochondrial 

strength in apoptotic cell death with an intensified MMP. 
The untreated BCPAP exhibited higher fluorescence in-
tensity due to the Rh-123 red accumulation. The fluo-
rescence mass of Rh-123 was reduced when EUP (20 and 
30 µM) was administered in a concentration-dependent 
way. These outcomes show that EUP-administered hu-
man BCPAP cells avert the MMP, thus increasing the mi-
tochondrial-mediated apoptosis (Fig. 3).

Fig. 2. Eupatorin-activated human BCPAP cell apoptosis. Scale bar = 50 μm. Human BCPAP papillary thyroid cancer (PTC) cells with 20 and 30 µM/mL 
of flavone called eupatorin (EUP) for 1 day. The apoptosis was assessed with the dual staining of acridine orange/ethidium bromide (AO/EB) and observed 
under a fluorescence microscope

Fig. 3. Eupatorin induces apoptosis in human BCPAP cells. Scale bar = 50 μm. BCPAP human papillary thyroid cancer (PTC) cells were administered a control, 
20, and 30 µM/mL of flavone called eupatorin (EUP) for 1 day. Cell death was determined through the application of DAPI (4′,6-diamidino-2-phenylindole) 
and Rh-123 staining. Image of DAPI (blue) and Rh-123 (red) staining combined (pink) on the EUP preserved BCPAP cells and images photographed using 
a fluorescence microscope
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Influence of EUP on BCPAP cell adhesion

Extracellular matrix (ECM) and BCPAP cell adhesion 
played a substantial action in initiating cancer cell metas-
tasis (Fig. 4). BCPAP cell adhesion and cell signaling are 
controlled by the ECM protein integrin. This cell adhesion 
assay analyzes the action of EUP silencing on BCPAP cell 
adhesion to the proteins present in the ECM. When EUP 
inhibition was administered for 60 or 100 min, the number 
of BCPAP adherent cells decreased in comparison to con-
trols. The modulatory influences of cell adherence gener-
ated with EUP silencing might provide the suppression 
of cancer cell propagation and metastasis.

Effect of EUP on PCNA, caspase-3 and p53 
protein levels in BCPAP cells

Administration of  EUP (control, 20  μM/mL and 
30 μM/mL) on BCPAP cells presented an extreme (p < 0.05) 
repression of PCNA while upregulating p53 and caspase-3 
protein expression in a quantity-reliant way. These find-
ings specified that EUP inhibited BCPAP cells during cell 
proliferation and elevated apoptosis via these signaling 
pathways (Table 2, Fig. 5).

Influence of EUP on apoptotic protein 
expression levels

Human BCPAP cells treated with EUP (control, 
20 μM/mL and 30 μM/mL) attenuated TNF-α, NF-κB, 
COX-2, iNOS, and IL-6 protein expression. Our find-
ings documented the anti-inflammatory action of EUP 

on human PTC cells BCPAP in a dose-dependent manner 
(Table 2, Fig. 6).

EUP attenuates the signaling 
of the P13K/AKT pathway

Our results show that PI3K/AKT signaling is involved 
in EUP-associated prevention of BCPAP cell metastasis. 
Our outcomes revealed that PI3K/AKT protein level expres-
sions were remarkably (p < 0.05) alleviated in the BCPAP 
cancer cells treated with EUP (control, 20 μM/mL and 
30 μM/mL) in a concentration-dependent way. These find-
ings indicated that EUP triggered BCPAP cancer cell apop-
tosis through the suppression of the PI3K/AKT activation 
in the cell survival pathway (Table 2, Fig. 7).

Discussion

Thyroid carcinoma is an endocrine malignancy, of which 
PTC accounts for nearly 80% of all TCs that have been well 
differentiated by the variation of distinct protein kinases.2,5 
Phytochemicals are substances of plant origin with bio-
logical activity, which have beneficial effects on human 
health.30 Two studies proposed that flavones and flavonoids 
exert powerful actions of anti-proliferation on TC cells 
and suggested it as a healing agent for controlling TC.7,8 
Other studies reported that EUP has antiproliferative and 
apoptotic effects in numerous tumor cells.10–12 However, 
the anticancer potential of EUP and its corresponding 
apoptotic latent mechanisms of TC are still unknown. 
In this investigation, we proved the repressive influence 

Fig. 4. Eupatorin reduced BCPAP cell adherence. Scale bar = 200 μm. Human BCPAP cell adherence force was assessed with an adherence assay after 60 and 
100 min. The attached cells were fixed, stained and counted in 10 random fields
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Fig. 6. Eupatorin alleviates nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)  mediated inflammatory pathways. BCPAP human 
papillary thyroid cancer (PTC) cells were administered a control, 20, and 30 µM/mL of flavone called eupatorin (EUP) for 1 day. The protein expression 
of proinflammatory mediators such as cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS), interleukin-6 (IL-6), tumor necrosis factor alpha 
(TNF-α), and NF-κB were measured using western blot. The graph shows the relative protein expression of fold changes using immunoblot. Data are 
presented as medians (min–max), and the statistical significance was measured as *p < 0.05 against controls

Fig. 5. The effect of flavone called eupatorin (EUP) on the protein 
expression levels of PCNA, p53 and caspase-3. BCPAP human papillary 
thyroid cancer (PTC) cells were tested with control, 20, and 30 µM/mL 
of EUP for 1 day. PCNA, p53 and caspase-mediated mitochondrial 
apoptosis cascade protein caspase-3 were measured using western 
blot. The depicted graph shows the relative protein expression 
using immunoblot. Data were displayed as medians (min–max), and 
the statistical significance was measured as *p < 0.05 against the control
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of cell growth displayed by apoptosis at various concentra-
tions of EUP on BCPAP malignant cells. This research also 
explored the EUP activity on the regulation of NF-κB and 
P13K/AKT pathways in BCPAP human PTC cells.

One of the main ways that anti-tumor drugs work is 
by using their cytotoxic properties to stop tumor cells 
from proliferating. Cytotoxicity is distinguished as a cell 
necrotizing function of  a  compound relieved from 
the pathways of cell death.31 The MTT assay is an ap-
propriate method for testing innovative bioactive com-
pounds to establish cytotoxicity on malignant cells over 
a short duration.32 The MTT analysis implied that EUP 
reduced the BCPAP cell’s growth in a quantity-dependent 
mode. Earlier studies illustrated that EUP inhibits many 
tumor cell proliferation involving gastric cancer, cervi-
cal adenocarcinoma cells, breast neoplasm cells, mela-
noma, and colon carcinoma.10–12 It has been reported that 
EUP inhibits cancer cell viability and concurrently curbs 
the invasion, migration and angiogenesis of MCF-7 and 
MDAMB-231 mammary carcinoma cells through the at-
tenuation of the p-Akt signaling.13 In our study, EUP ex-
hibited substantial inhibitory growth potential with IC50 
values of 20 μM, which is within the range value stated for 
many flavonoids. As per our data, this is the primary re-
port directing that EUP (20 and 30 µM/mL) greatly averts 
BCPAP cell proliferation in a dosage-dependent way.

Apoptosis is the main type of automated cell death that 
has a profound action in eliminating peculiar cells, which 
can be morphologically depicted by cell shrinkage, frag-
mentation of DNA and nuclear bodies, and, accordingly, 
being swallowed by macrophages.16 A typical anti-tumor 
agent should target cancer cells without affecting normal 
cells. Hence, numerous anti-tumor agents rely on com-
mencing apoptosis to generate malignant cell death.17 
An earlier study has investigated that co-administration 
of EUP with DOX on colon cancer triggered mitochon-
drial-facilitated apoptosis with an elevated ratio of Bax/
Bcl-2, level of caspase-3, and poly(ADP-ribose) polymerase 
(PARP) cleavage.14 It has been recognized that EUP halts 

the G2–M stage of the cell cycle in  leukemia cells and 
prompts apoptosis in the stimulation of numerous cas-
pases, cytochrome-c (cyto-c) discharge and PARP cleavage 
over the activation of the MAPK pathway. It has been sug-
gested that EUP-induced leukemia cell apoptosis is facili-
tated by both extrinsic and intrinsic apoptotic pathways.15 

Cell proliferation is  involved in  a  multistep process 
of typical cell development, and unrestrained cell growth 
is the main hallmark of tumors.33 A known proliferative 
marker, PCNA, shows a significant function in DNA repli-
cation, repair, cell cycle regulation, chromatin remodeling, 
and epigenetic conservation.34 Proliferating cell nuclear an-
tigen overexpression was observed in the genetic outcome 
of numerous tumors.35 We showed that EUP can reduce 
the PCNA protein expression in human PTC cells BCPAP 
in a dose-dependent manner. The p53 wild type is effi-
cient in initiating cell apoptosis under stress conditions.17 
Conversely, inactivation, mutation or depletion of the p53 
gene leads to the failure to respond to radiotherapy and 
chemotherapy in several tumors.17,18 There is evidence 
to support the idea that cancer cells bear the responsibil-
ity for apoptotic cell death when p53 function is restored.21 
In the current study, p53 and caspase-3 were upregulated 
by EUP in BCPAP human PTC cells. Anti-tumor medica-
tion-facilitated apoptosis in tumor cells is mostly regulated 
by intrinsic (mitochondrial) or extrinsic (death receptor) 
pathways through the activation of caspases. Caspase-3 
triggers the mitochondrial-mediated intrinsic apoptosis, 
as observed in this work, which was enabled by the mor-
phological examination of fluorescence microscopy images 
using DAPI, Rh-123 and AO/EB staining. These results 
indicate that EUP might be effective for the suppression 
and remedy for TC.

Chemotherapeutic agents targeting a reduction in pro-
inflammatory mediators to  explore novel strategies 
to avert the inflammatory disorders involved with malig-
nant tumors.19 The hyperactivation of NF-κB has a critical 
role in cancer pathogenesis, letting malignant cells per-
sist and offering a favorable target for the improvement 

Fig. 7. Eupatorin repressed the PI3K/AKT signaling pathway. BCPAP human papillary thyroid cancer (PTC) cells were administered a control, 20, and 
30 µM/mL of flavone called eupatorin (EUP) for 1 day. The protein expression of P13K, p-P13K, AKT, and p-AKT were measured with western blot. The graph 
shows the relative protein expression of fold changes using immunoblot. Data are presented as medians (min–max), and the statistical significance was 
measured as *p < 0.05 against the control
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of chemotherapeutic drugs.19,20 During inflammation, 
several cytokines such as iNOS, IL-6, TNF-α, and COX-2, 
which are hyper-expressed in  tumor cells, contribute 
to the malignant pathogenesis.20,21 However, a stimulated 
NF-κB signaling pathway creates high levels of nitric oxide 
(NO) and prostaglandin E2 (PGE2) for an extended period, 
which influences tumor progression and inflammation. 
In this study, EUP administered to the BCPAP cells ef-
fectively reduced pro-inflammatory mediators, including 
iNOS, IL-6, TNF-α, NF-κB, and COX-2 protein expression 
measured using western blot examination, which specifies 
that EUP may deactivate NF-κB signaling in BCPAP cells.

Adhesion of cancer cells to the ECM has a crucial func-
tion in metastasis development.36 Inhibiting and reducing 
the quantity of adhering BCPAP cells, the EUP modulates 
cell adhesion and represses metastasis, which is in line 
with our results from the apoptosis analysis. The number 
of adherent cells was noticeably reduced after BCPAP cell 
suppression of cell metastasis. The PI3K/Akt signaling 
pathway has been demonstrated to exert a vital function 
in cellular proliferation, cell adhesion, migration, inva-
sion, metastasis, and apoptosis in several human can-
cers.23 The PI3K-Akt pathway is directly linked to tumor 
cell proliferation.37 The overexpression of the PI3K/AKT 
pathway figures to be linked to malignancies and a poor 
prognosis in numerous human carcinomas.23 Further-
more, targeting the PI3K/AKT pathway has been con-
firmed to be effective for treating both human solid tu-
mors and TC.25,26 For instance, the antioxidant rutin has 
an antiproliferative effect on hepatic carcinoma by regu-
lating the PI3K/Akt signaling pathway.38 Another bioac-
tive compound, quercetin, can modulate the PI3K/Akt 
pathway, thus showing anti-tumor efficacy on liver, gas-
tric and oral carcinomas.39,40 Likewise, phloretin can in-
duce apoptosis in prostate cancer and mammary carci-
noma cells through the PI3K/Akt signaling pathway.41,42 
In this study, EUP treatment reduces the PI3K/Akt and 
NF-κB pathways related to PTC cells that interrupt their 
communication, favoring BCPAP cell proliferation. 
Hence, EUP exerts its antiproliferative, anti-metastatic 
and apoptotic activity through the NF-κB and PI3K/Akt 
signaling pathways.

Limitations

The current study investigated EUP on human PTC 
cell proliferation, apoptotic and inflammatory pathways 
in a cancer cell line model. An in vivo experimental study 
in a mouse or rat model is preferred to analyze the molecu-
lar mechanism and correct route signaling. 

Conclusions

Our report explores the efficacy of EUP against BCPAP 
human PTC cells and has elucidated its molecular actions 

involving cell proliferation, inflammation, cell adhe-
sion, and apoptosis. It was noticed that EUP stimulated 
mitochondrial-facilitated apoptosis and a loss of MMP. 
The suppression of BCPAP cell proliferation and metas-
tasis occurred in a concentration-dependent mode. Fur-
thermore, it  inhibited proliferation, inflammation and 
metastasis that triggered apoptosis through the NF-κB/
COX-2 and PI3k/Akt signaling pathways. Our data show 
that EUP can inhibit the BCPAP human PTC cells. How-
ever, more studies are required on EUP for its clinical use 
in the therapy for TC patients.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.12683722. The package includes 
the following files:

Supplementary Fig. 1. Results of Kruskal–Wallis test 
as presented in Fig. 1.

Supplementary Fig. 2. Results of Kruskal–Wallis test 
as presented in Fig. 5.

Supplementary Fig. 3. Results of Kruskal–Wallis test 
as presented in Fig. 6.

Supplementary Fig. 4. Results of Kruskal–Wallis test 
as presented in Fig. 7.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author 
on reasonable request.

Consent for publication

Not applicable.

ORCID iDs
Weiqi Song  https://orcid.org/0009-0001-0786-304X
Rongyue Yao  https://orcid.org/0009-0001-7126-8720
Annamalai Vijayalakshmi  https://orcid.org/0000-0002-2436-8956
Yuan An  https://orcid.org/0009-0000-4304-1679

References
1.	 Konturek A, Barczyński M, Stopa M, Nowak W. Trends in preva-

lence of thyroid cancer over three decades: A retrospective cohort 
study of 17,526 surgical patients. World J Surg. 2016;40(3):538–544. 
doi:10.1007/s00268-015-3322-z

2.	 Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023.  
CA Cancer J Clin. 2023;73(1):17–48. doi:10.3322/caac.21763

3.	 Liu FC, Lin HT, Lin SF, Kuo CF, Chung TT, Yu HP. Nationwide cohort 
study on the epidemiology and survival outcomes of thyroid cancer. 
Oncotarget. 2017;8(45):78429–78451. doi:10.18632/oncotarget.19488

4.	 Albi E, Krüger M, Hemmersbach R, et al. Impact of gravity on thyroid 
cells. Int J Mol Sci. 2017;18(5):972. doi:10.3390/ijms18050972

5.	 Xing M, Haugen BR, Schlumberger M. Progress in molecular-based 
management of differentiated thyroid cancer. Lancet. 2013;381(9871): 
1058–1069. doi:10.1016/S0140-6736(13)60109-9

6.	 Handkiewicz-Junak D, Czarniecka A, Jarząb B. Molecular prognostic 
markers in papillary and follicular thyroid cancer: Current status and 
future directions. Mol Cell Endocrinol. 2010;322(1–2):8–28. doi:10.1016 
/j.mce.2010.01.007

https://doi.org/10.5281/zenodo.12683722
https://doi.org/10.5281/zenodo.12683722
https://www.doi.org/10.1007/s00268-015-3322-z
https://www.doi.org/10.3322/caac.21763
https://www.doi.org/10.18632/oncotarget.19488
https://www.doi.org/10.3390/ijms18050972
https://www.doi.org/10.1016/S0140-6736(13)60109-9
https://www.doi.org/10.1016/j.mce.2010.01.007
https://www.doi.org/10.1016/j.mce.2010.01.007


W. Song et al. Eupatorin modulates in thyroid cancer cells1374

7.	 Yin SY, Wei WC, Jian FY, Yang NS. Therapeutic applications of herbal 
medicines for cancer patients. Evid Based Complement Alternat Med. 
2013;2013:302426. doi:10.1155/2013/302426

8.	 Ye R, Dai N, He Q, et al. Comprehensive anti-tumor effect of Brusa-
tol through inhibition of cell viability and promotion of apoptosis 
caused by autophagy via the PI3K/Akt/mTOR pathway in hepatocel-
lular carcinoma. Biomed Pharmacother. 2018;105:962–973. doi:10.1016 
/j.biopha.2018.06.065

9.	 González-Cortazar M, Salinas-Sánchez DO, Herrera-Ruiz M, et al. 
Eupatorin and salviandulin-A, with antimicrobial and anti-inflam-
matory effects from Salvia iavanduloides Kunth leaves. Plants. 2022; 
11(13):1739. doi:10.3390/plants11131739

10.	 Tezuka Y, Stampoulis P, Banskota AH, et al. Constituents of the Viet-
namese medicinal plant Orthosiphon stamineus. Chem Pharm Bull 
(Tokyo). 2000;48(11):1711–1719. doi:10.1248/cpb.48.1711

11.	 Nagao T, Abe F, Kinjo J, Okabe H. Antiproliferative constituents 
in plants. 10. Flavones from the leaves of Lantana montevidensis Briq. 
and consideration of structure-activity relationship. Biol Pharm Bull. 
2002;25(7):875–879. doi:10.1248/bpb.25.875

12.	 Androutsopoulos V, Arroo RR, Hall JF, Surichan S, Potter GA. Antip-
roliferative and cytostatic effects of the natural product eupatorin 
on MDA-MB-468 human breast cancer cells due to CYP1-mediated 
metabolism. Breast Cancer Res. 2008;10(3):R39. doi:10.1186/bcr2090

13.	 Razak NA, Abu N, Ho WY, et al. Cytotoxicity of eupatorin in MCF-7 
and MDA-MB-231 human breast cancer cells via cell cycle arrest, 
anti-angiogenesis and induction of apoptosis. Sci Rep. 2019;9(1):1514. 
doi:10.1038/s41598-018-37796-w

14.	 Namazi Sarvestani N, Sepehri H, Delphi L, Moridi Farimani M. Eupa-
torin and salvigenin potentiate doxorubicin-induced apoptosis and 
cell cycle arrest in HT-29 and SW948 human colon cancer cells. Asian 
Pac J Cancer Prev. 2018;19(1):131–139. doi:10.22034/APJCP.2018.19.1.131

15.	 Estévez S, Marrero MT, Quintana J, Estévez F. Eupatorin-induced cell 
death in human leukemia cells is dependent on caspases and acti-
vates the mitogen-activated protein kinase pathway. PLoS One. 2014; 
9(11):e112536. doi:10.1371/journal.pone.0112536

16.	 Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in can-
cer. Nature. 2001;411(6835):342–348. doi:10.1038/35077213

17.	 Bykov VJ, Wiman KG. Novel cancer therapy by reactivation of the p53 
apoptosis pathway. Ann Med. 2003;35(7):458–465. doi:10.1080/0785 
3890310017152

18.	 Amundson SA, Myers TG, Fornace AJ. Roles for p53 in growth arrest 
and apoptosis: Putting on the brakes after genotoxic stress. Oncogene.  
1998;17(25):3287–3299. doi:10.1038/sj.onc.1202576

19.	 Aggarwal BB. Nuclear factor-κB. Cancer Cell. 2004;6(3):203–208. 
doi:10.1016/j.ccr.2004.09.003

20.	 Chen J, Chen ZJ. Regulation of NF-κB by ubiquitination. Curr Opin 
Immunol. 2013;25(1):4–12. doi:10.1016/j.coi.2012.12.005

21.	 He G, Karin M. NF-κB and STAT3: Key players in liver inflammation 
and cancer. Cell Res. 2011;21(1):159–168. doi:10.1038/cr.2010.183

22.	 Karin M. Nuclear factor-κB in cancer development and progression. 
Nature. 2006;441(7092):431–436. doi:10.1038/nature04870

23.	 Franke TF, Hornik CP, Segev L, Shostak GA, Sugimoto C. PI3K/Akt and 
apoptosis: Size matters. Oncogene. 2003;22(56):8983–8998. doi:10.1038 
/sj.onc.1207115

24.	 Robbins HL, Hague A. The PI3K/Akt pathway in tumors of endo-
crine tissues. Front Endocrinol (Lausanne). 2016;6:188. doi:10.3389/
fendo.2015.00188

25.	 Pons-Tostivint E, Thibault B, Guillermet-Guibert J. Targeting PI3K signal-
ing in combination cancer therapy. Trends Cancer. 2017;3(6):454–469.  
doi:10.1016/j.trecan.2017.04.002

26.	 Yi H, Ye X, Long B, et al. Inhibition of the AKT/mTOR pathway aug-
ments the anticancer effects of sorafenib in thyroid cancer. Cancer 
Biother Radiopharm. 2017;32(5):176–183. doi:10.1089/cbr.2017.2187

27.	 Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: Application to proliferation and cytotoxicity assays. J Immunol  
Methods. 1983;65(1–2):55–63. doi:10.1016/0022-1759(83)90303-4

28.	 Kasibhatla S, Amarante-Mendes GP, Finucane D, Brunner T, Bossy-
Wetzel E, Green DR. Acridine orange/ethidium bromide (AO/EB) stain-
ing to detect apoptosis. Cold Spring Harb Protoc. 2006;2006(3):pdb.
prot4493. doi:10.1101/pdb.prot4493

29.	 Vijayalakshmi A, Sindhu G. Umbelliferone arrest cell cycle at G0/G1 
phase and induces apoptosis in human oral carcinoma (KB) cells 
possibly via oxidative DNA damage. Biomed Pharmacother. 2017;92: 
661–671. doi:10.1016/j.biopha.2017.05.128

30.	 Surguchov A, Bernal L, Surguchev AA. Phytochemicals as regulators 
of genes involved in synucleinopathies. Biomolecules. 2021;11(5):624. 
doi:10.3390/biom11050624

31.	 Ling T, Lang WH, Maier J, Quintana Centurion M, Rivas F. Cytostatic 
and cytotoxic natural products against cancer cell models. Molecules.  
2019;24(10):2012. doi:10.3390/molecules24102012

32.	 Al-Qubaisi M, Rozita R, Yeap SK, Omar AR, Ali AM, Alitheen NB. 
Selective cytotoxicity of goniothalamin against hepatoblastoma 
HepG2 cells. Molecules. 2011;16(4):2944–2959. doi:10.3390/molecules 
16042944

33.	 Fouad YA, Aanei C. Revisiting the hallmarks of cancer. Am J Cancer Res.  
2017;7(5):1016–1036. PMID:28560055. PMCID:PMC5446472.

34.	 Kowalska E, Bartnicki F, Fujisawa R, et al. Inhibition of DNA replica-
tion by an anti-PCNA aptamer/PCNA complex. Nucl Acids Res. 2018; 
46(1):25–41. doi:10.1093/nar/gkx1184

35.	 Kato K, Kawashiri S, Tanaka A, et al. Predictive value of measuring 
p53 labeling index at the invasive front of oral squamous cell carci-
nomas. Pathol Oncol Res. 2008;14(1):57–61. doi:10.1007/s12253-008-
9022-3

36.	 Kumar KV, Hema K. Extracellular matrix in invasion and metasta-
sis of oral squamous cell carcinoma. J Oral Maxillofac Pathol. 2019; 
23(1):10. doi:10.4103/jomfp.JOMFP_97_19

37.	 Liu Q, Liu G, Zhu Y, Chao Y. Study on the mechanism of houttuynin 
inducing apoptosis of MCF-7 cells by inhibiting PI3K/AKT signaling 
pathway. Food Sci Technol. 2022;42:e18721. doi:10.1590/fst.18721

38.	 Yu Y, Velu P, Ma Y, Vijayalakshmi A. Nerolidol induced apoptosis via 
PI3K/JNK regulation through cell cycle arrest in MG‐63 osteosarco-
ma cells. Environ Toxicol. 2022;37(7):1750–1758. doi:10.1002/tox.23522

39.	 Asgharian P, Tazekand AP, Hosseini K, et al. Potential mechanisms 
of quercetin in cancer prevention: Focus on cellular and molecu-
lar targets. Cancer Cell Int. 2022;22(1):257. doi:10.1186/s12935-022-
02677-w

40.	 Almatroodi SA, Alsahli MA, Almatroudi A, et al. Potential therapeu-
tic targets of quercetin, a plant flavonol, and its role in the therapy 
of various types of cancer through the modulation of various cell 
signaling pathways. Molecules. 2021;26(5):1315. doi:10.3390/mole-
cules26051315

41.	 Kang D, Zuo W, Wu Q, Zhu Q, Liu P. Inhibition of specificity protein 1 
is  involved in phloretin-induced suppression of prostate cancer. 
Biomed Res Int. 2020;2020:1358674. doi:10.1155/2020/1358674

42.	 Roy S, Mondru AK, Chakraborty T, Das A, Dasgupta S. Apple poly-
phenol phloretin complexed with ruthenium is capable of repro-
gramming the breast cancer microenvironment through modula-
tion of PI3K/Akt/mTOR/VEGF pathways. Toxicol Appl Pharmacol. 2022; 
434:115822. doi:10.1016/j.taap.2021.115822

https://www.doi.org/10.1155/2013/302426
https://www.doi.org/10.1016/j.biopha.2018.06.065
https://www.doi.org/10.1016/j.biopha.2018.06.065
https://www.doi.org/10.3390/plants11131739
https://www.doi.org/10.1248/cpb.48.1711
https://www.doi.org/10.1248/bpb.25.875
https://www.doi.org/10.1186/bcr2090
https://www.doi.org/10.1038/s41598-018-37796-w
https://www.doi.org/10.22034/APJCP.2018.19.1.131
https://www.doi.org/10.1371/journal.pone.0112536
https://www.doi.org/10.1038/35077213
https://www.doi.org/10.1080/07853890310017152
https://www.doi.org/10.1080/07853890310017152
https://www.doi.org/10.1038/sj.onc.1202576
https://www.doi.org/10.1016/j.ccr.2004.09.003
https://www.doi.org/10.1016/j.coi.2012.12.005
https://www.doi.org/10.1038/cr.2010.183
https://www.doi.org/10.1038/nature04870
https://www.doi.org/10.1038/sj.onc.1207115
https://www.doi.org/10.1038/sj.onc.1207115
https://www.doi.org/10.3389/fendo.2015.00188
https://www.doi.org/10.3389/fendo.2015.00188
https://www.doi.org/10.1016/j.trecan.2017.04.002
https://www.doi.org/10.1089/cbr.2017.2187
https://www.doi.org/10.1016/0022-1759(83)90303-4
https://www.doi.org/10.1101/pdb.prot4493
https://www.doi.org/10.1016/j.biopha.2017.05.128
https://www.doi.org/10.3390/biom11050624
https://www.doi.org/10.3390/molecules24102012
https://www.doi.org/10.3390/molecules16042944
https://www.doi.org/10.3390/molecules16042944
https://pubmed.ncbi.nlm.nih.gov/28560055
https://www.ncbi.nlm.nih.gov/pmc/articles/5446472
https://www.doi.org/10.1093/nar/gkx1184
https://www.doi.org/10.1007/s12253-008-9022-3
https://www.doi.org/10.1007/s12253-008-9022-3
https://www.doi.org/10.4103/jomfp.JOMFP_97_19
https://www.doi.org/10.1590/fst.18721
https://www.doi.org/10.1002/tox.23522
https://www.doi.org/10.1186/s12935-022-02677-w
https://www.doi.org/10.1186/s12935-022-02677-w
https://www.doi.org/10.3390/molecules26051315
https://www.doi.org/10.3390/molecules26051315
https://www.doi.org/10.1155/2020/1358674
https://www.doi.org/10.1016/j.taap.2021.115822

	Eupatorin modulates BCPAP in thyroid cancer cell proliferation via suppressing the NF-κB/P13K/AKT si

