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Background: Ferula ferulaeoides (Steud.) Korovin is a traditional ethnopharmacological plant used for
lump elimination and as a spice, especially in places like India. It has also been employed in the livestock
and food industries. This investigation aimed to explore the anti-tumor mechanisms of ethyl acetate
extract fractions of dried roots of Ferula ferulaeoides (FF-EtOAc) on esophageal cancer (EC) cells.
Furthermore, it was hypothesized that FF-EtOAc could inhibit EC cells growths by inducing apoptosis.
Results: In a time- and dose-dependent manner, FF-EtOAc considerably reduced the number of migrating
EC cells. And FF-EtOAc also inhibited the growth of EC cells in vivo, and it is less toxic to nude mice. In
terms of the FF-EtOAc anticancer mechanism, the findings revealed that FF-EtOAc inhibited EC cells
growth by activating mitochondrial signaling pathways and PI3K/Akt/Bad signaling pathways.
Conclusions: Through both in vitro and in vivo experiments, FF-EtOAc significantly exhibited anti-
esophageal cancer activity. The anti-EC activity of FF-EtOAc may be due to the activation of the mitochon-
drial apoptotic and PI3K/Akt/Bad signaling pathways.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction profession all over the world. According to the World Health Orga-
Cancer, which ranks as the second leading cause of death glob-
ally (Ahmed et al., 2022), is a significant burden on the medical
nization, ‘‘One in every five men and one in every six women in the
world develop cancer during their lifetime” (Bray et al., 2018). In
2020, China accounted for 25% of all cancer deaths worldwide
(Sung et al., 2021). Among them, Esophageal cancer (EC) has the
sixth-highest incidence and fourth-highest fatality rates in China
(He et al., 2021). One of the deadly gastrointestinal malignancies
is esophageal cancer (Watanabe et al., 2020). The histological sub-
types of esophageal cancer are classified into adenocarcinoma and
squamous cell carcinoma, with squamous cell carcinoma being the
most prevalent. And the most prevalent regions for squamous cell
carcinoma are China (47%) and Central Asia (19%) (Homs et al.,
2009, Li et al., 2018). Treatment options for esophageal cancer
include surgery, chemotherapy, and radiation therapy (Kato and
Nakajima 2013). Despite surgical techniques with great advance-
ments, esophageal cancer has a poor prognosis. Chemotherapy
and radiotherapy are also used only as adjuvant methods, and they
are harmful to the human body. Although Western medicine has
played a primary role in cancer treatment and has made significant
breakthroughs in curing cancer in recent years, its prognosis
remains unsatisfactory (Howell and Shalet 1998, DeHaven 2014,
Kakeji et al., 2021). Because of low toxicity and easy availability,
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etc, natural products gained popularity in anti-cancer drug
research(Atanasov et al., 2021).

The genus Ferula L. is an angiosperm Umbelliferae plant, there
are more than 180 species of Ferula L. in the world (Salehi et al.,
2019), and these plants are mainly distributed in Central Asia,
the Middle East, Siberia, South Asia, and Northwest China (Znati
et al., 2014). Due to natural origin and low toxicity, Ferula L. is used
extensively in people’s daily life. In traditional use, it is added to
food as a spice and it was also used in pickles (Mahendra and
Bisht 2012). And in modern life, Ferula was used in grazier, food
and medicine (Sonigra and Meena 2020), such as antiprotozoal
(Bashir et al., 2014), antihelmintic (Tavassoli et al., 2018), antioxi-
dant (Rahali et al., 2018), antimicrobial (Utegenova et al., 2018),
antidiabetic (Yarizade et al., 2017), insecticidal (Liu et al., 2020),
and anticancer activities (Asemani et al., 2018).

Ferula ferulaeoides, a notable species of the genus Ferula L. and a
unique plant resource in the Xinjiang region of China, and it is
mainly distributed in dunes, sandy land, and other places in Xin-
jiang. In Xinjiang, F. ferulaeoides leaves have been used as vegeta-
bles for cooking, and its roots and resin are used for medicinal
purposes. F. ferulaeoides, in addition to eliminating lumps, and is
also used to treat cold pains in the heart and abdomen, malaria,
and dysentery (Chinese Pharmacopoeia Commission 2020). The
anti-cancer effect of F. ferulaeoides has been reported, such as
malignant peripheral nerve sheath tumor, breast cancer, and skin
cancer (Sattar and Iranshahi 2017, Li et al., 2018, Yao et al.,
2020), but antiesophageal cancer activity and action mechanisms
are less well studied. Our study showed that FF-EtOAc could inhibit
the activity of EC cells in vivo and in vitro, and the potential mech-
anism action of FF-EtOAc on esophageal cancer was initially
explored. Further cytotoxicity experimentation showed that the
FF-EtOAc has low cytotoxicity.
2. Materials and methods

2.1. Plant material

The roots of Ferula ferulaeoides (Steud.) Korovin were collected
in Shihezi City, Xinjiang Uygur Autonomous Region, China, in
May 2019, and identified by Professor Kejian Pang (Shihezi Univer-
sity, Shihezi, China). In the School of Pharmaceutical Sciences at
South-Central Minzu University in Wuhan, China, a voucher spec-
imen (No. SC0426) was deposited.
2.2. Preparation and chemical interpretation of FF-EtOAc

Mechanically crushed F. ferulaeoides roots had been air-dried,
and 90 g of the powder was used for extracting by speed extraction
at 80℃, 10 MPa with petroleum ether, ethyl acetate, and methanol
(each solvent, 4 cycles; each cycle 15 min) to yield petroleum ether
extract (4.03 g), ethyl acetate extract (FF-EtOAc, 10.27 g) and
methanol extract (6.11 g), and the extraction rates were 4.47%,
11.4%, and 6.78%.

The chemical profile of FF-EtOAc was conducted by UPLC-Q-
TOF-MS, and it was employed by using an ultra-high performance
liquid chromatography (UPLC) system (Waters Corp, Manchester,
England) consisting of a binary pump, a degasser, an auto-
sampler, and a column compartment with a high throughput
G2Si High-definition mass spectrometer (Waters Q-TOF
SYNAPTTM, Waters Corp, Manchester, England), and equipped
with an electrospray (ESI) interface. A Waters ACQUITY UPLC HSS
T3 column (100 mm � 2.1 mm, 1.8 lm) was used for the chemical
profiling of FF-EtOAc. The 0.1% aqueous formic acid (A) and ace-
tonitrile (B) made up the mobile phase. This system was used for
chromatographic separation at 25 �C. Gradient elution with a flow
2

rate of 0.4 mL/min was performed as follows: 2% � 95% B at 0––
25 min. Leucine enkephalin was employed as the precise mass cal-
ibration solution for the MS analysis, which was conducted using
an electrospray ionization (ESI) source in both positive and nega-
tive ion modes. 350 �C was the temperature of the desolvation
gas. Cone and desolvation gas flow rates were established at 50
L/h and 600 L/h, respectively. In the positive and negative ion
modes, the capillary, cone, and extraction cone voltages were set
to 3.0 and 2.5 V, respectively. With a low collision energy of 6 V
and a high collision energy of 20–80 V, MSE was used for MS/MS
analysis. The scan area was set at m/z 50–1200.

2.3. Chemicals and reagents

The MTT chemicals were from neoFroxx (Einhausen, Germany),
and the Annexin V-FITC/PI Double-stained Apoptosis Detection Kit
came from BestBio (Shanghai, China). The Hoechst 33258 reagents,
BCA protein quantification kit, SDS–PAGE sample loading buffer,
and RIPA lysis solution were purchased from Beyotime Biotechnol-
ogy (Nantong City, Jiangsu Province, China). We purchased the
eECL Western blot Kit from Bioprimacy (Wuhan China). Dulbecco’s
modified eagle medium (DMEM) and Roswell Park Memorial Insti-
tute (RPMI) 1640 were purchased from Hyclone (Logan, UT, USA).
Fetal bovine serum (FBS) from Newzerum (Christchurch New Zeal-
and) and antibiotics (100 U/mL penicillin and 100 lg/mL strepto-
mycin) were obtained from Hyclone (Logan, UT, USA). Antibodies
of MMP-9, Bcl-2, Caspase-3, PARP, Akt, p-Akt (Ser473), Bad, p-
Bad (Ser136), p-GSK-3a/b (Ser 21/9), GSK-3a/b and PTEN were
obtained from Cell Signaling Technology (Danvers, MA, USA).
Caspase-9 and Bax were purchased from ABclonal Biotech (Wuhan,
Hubei, China). b-actin was obtained from Bioprimacy (Wuhan
China). We purchased the matching secondary antibody from
ABclonal Biotech (Wuhan, Hubei, China).

2.4. Cell culture

The human embryonic kidney (HEK) cell lines HEK293 and eso-
phageal cancer (EC) cells (Eca-109 and KYSE150) were purchased
from the American Type Culture Collection (Manassas, USA). Eca-
109 cells, KYSE-150 cells, and HEK293 cells were grown in a med-
ium containing 90% DMEM or RPMI-1640, 10% FBS, and 1% antibi-
otics (100 U/mL penicillin and 100 g/mL streptomycin), DMEM is
used for Eca-109 cells and HEK-293 cells and RPMI-1640 is used
for KESE-150 cells. These cells were cultured in a cell culture incu-
bator (Heal Force, Shanghai, China). The culture conditions were
set at 5% CO2, 37 �C.

2.5. Cell viability test

The noxiousness of FF-EtOAc toward the Eca-109, KYSE150, and
HEK293 cell lines was assessed using the MTT test. Eca-109,
KYSE150, and HEK293 cells (1 � 105 cells/well) were planted in
96-well plates and cultivated until 90% confluence was reached.
Then, 0, 10, 20, 30, 40, and 50 lg/mL FF-EtOAc was applied to
Eca-109 and KYSE150 for 6, 12, or 24 h, and HEK293 cells for
12 h. After treating over and discarding the FF-EtOAc, MTT
(5 mg/mL) was administered to each well for 30 min in a culture
incubator with 37 �C and 5% CO2. Then, aspirate the MTT solution
and add 150 mL of DMSO to each well before using a microplate
reader to measure the optical density (OD) value at 570 nm.
(Thermo Scientific, CA, USA). Calculating the inhibition rate uses
the following formula: inhibition rate (%) = [1 � (OD sample – OD
blank) / (OD control – OD blank)] � 100 (Chen et al., 2019). The concen-
tration of FF-EtOAc at which the cell inhibition rate was 50% as
determined by MTT assays and estimated by the GraphPad Prism
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8.0 Software (GraphPad Prism Software, Inc.) is known as the IC50

value.

2.6. Histological morphology and Hoechst 33258 staining of cells

EC cells were sowed in 6-well plates (2 � 105 cells/well) and
cultivated until 90% confluence was achieved. The EC cells were
treated with 0, 10, 20, and 30 lg/mL FF-EtOAc within 12 h. Then
using an inverted phase contrast microscope, the cellular morpho-
logical alterations were captured at a 20 � magnification (Nikon,
ECLIPSE-Ti, Japan). Following treatment, the cells were treated
with Hoechst 33258 solution (5 lg /mL) for 30 min in the dark
before being fixed for 15 min with a fixing solution (methanol:
acetic acid = 3: 1). Then, a fluorescent inverted microscope (Nikon,
ECLIPSE-Ti, Japan) was used to observe the cell morphology before
a 40 � magnification photograph was taken.

2.7. Cell migration assay

EC cells in the logarithmic phase were seeded on a 6-well plate
(1 � 105 /mL /well) for the cell migration experiment. EC cells were
treated with 0, 5, 7.5, and 10 lg/mL FF-EtOAc for 12 and 24 h.
Using a 200 lL pipette tip, the center of each well was scratched.
Scratch images were then captured after 0, 12, and 24 h at a mag-
nification of 20 �. ImageJ was used to measure and record the
scratch width.

For the Transwell migration assay, EC cells were inoculated in
Transwell upper compartment (Corning, NY, USA) for 12 h, lower
compartment with DEME, or 1640 without FBS. The FF-EtOAc solu-
tion was added to the upper compartment and treated with 0, 5,
7.5, and 10 lg/mL FF-EtOAc for 12 h. After drug advertising has
ended, absorb and clean the upper compartment and lower com-
partment. Next, fixed with anhydrous ethanol for 10–20 min and
cleaned three times with ultrapure water. The fluorescence
inverted microscope was for observing the amount of cell move-
ment and crystalline violet staining. In three randomly selected
fields, the number of cells moving through the membrane was
counted. The experimental results were analyzed by ImageJ.

2.8. Annexin V-FITC/PI double staining assay and measurement of
apoptosis

EC cells were sowed into 6-well plates (2 � 105 cells/well), and
cultivated until 70% � 80% confluence was achieved. Within 12 h,
the EC cells were treated with 0 and 30 lg/mL FF-EtOAc. The EC
cells were digested with trypsin without ethylenediaminete-
traacetic acid (EDTA) (Hyclone, Logan, UT, USA) and centrifuge at
approximately 300–500 g force, 2–8 �C, 5 min, and the suspended
cells were collected. Next, the EC cells were washed four times
with cold PBS (Hyclone, Logan, UT, USA) and centrifuged. Then,
400 lL Annexin V Binding Buffer (1 � ) was added to suspend
the cells. Add 5 lL of Annexin V-FITC (EGFP/Alexa Fluor488) stain-
ing solution to the cell suspension, blend and incubate for 15 min
at 2–8 ℃ under light-proof conditions. Add 5–10 lL of PI staining
solution and gently mix and incubate for 2–5 min at 2–8 �C under
light-proof conditions. After staining and qualitative fluorescence
microscopy examination, using flow cytometry, the percentage of
apoptotic cells was determined. The percentage of apoptotic cells
was examined using FlowJo10 software.

2.9. Protein extraction and Western blot analysis

EC cells were seeded into 6-well plates (2 � 105 cells/well) and
cultivated until 70% � 80% confluence was achieved. Then incu-
bated with 0, 10, 20, and 30 lg/mL FF-EtOAc for 24 h, the EC cells
were collected by centrifugation and lysed in radioimmunoprecip-
3

itation assay (RIPA) lysis buffer (Beyotime, Shanghai, China), phos-
phatase inhibitor cocktail A (Beyotime, Shanghai, China) and
phenylmethanesulfonylfluoride or phenylmethylsulfonyl fluoride
(PMSF) (Boisharp, Hefei, China) to extract the proteins. The protein
concentration in the supernatant was measured using the bicin-
choninic acid (BCA) kit (Beyotime, Shanghai, China). Then, the pro-
tein was stored at �80 �C until required. The same produced for
protein extraction from rat tumor tissue was used. Similar sums
of the protein were isolated by 10 % or 12.5 % SDS-PAGE gel elec-
trophoresis (Epizyme Biomedical Technology, Shanghai, China) at
room temperature and transferred to polyvinylidene difluoride
(PVDF) membranes (Bio-Rad, CA, USA) on the ice. The membranes
were jammed by 5% Bovine serum albumin (BSA) tris-buffered sal-
ine with tween 20 (0.5%) for 2 h. Subsequently, the membranes
were incubated with the secondary antibody (1: 10000) at 37 �C
for 2 h after being combined with the primary antibody (1:
1000) at 4 �C for overnight. The HRP ECL system (Bio-Rad, CA,
USA) is a tool used to visualize protein bands and it is used for
our protein bands. The Grayscale values are used for data analysis
by Image lab software.

2.10. EC-bearing nude mouse and in vivo treatment

The four weeks old of athymic nudemice were bought from Bei-
jing HFK Biological Science Co., Ltd. (SCXK 2019–0008). The proper
institutional, national, and/or international standards for the han-
dling and usage of animals were adhered to. The Experimental Ani-
mal Care and Use Committee of South-Central Minzu University’s
ethical guidelines were followed at all times when using animals
in research. After all nude mice were acclimatized for one week.
By subcutaneously injecting Eca-109 cells into the mouse’s right
side of the back, the model of an Eca-109-bearing nude mouse
was produced (He et al., 2013, Huang et al., 2020). When the nude
mouse’s tumor volume achieved 100 mm3, they were stochasti-
cally divided into 3 groups and treated with 0, 60, and 120 mg/
kg FF-EtOAc every other day for 21 days. The nude mouse’s tumor
volume was measured by a vernier caliper every other day. Tumor
volume (V) was calculated as described below: V = 0.5 � width2

� length. After 21 days of FF-EtOAc treatment, nude mice were dis-
sected and collected for further analysis of transplanted tumors
along with the liver, kidney, and spleen. The Experimental Animal
Care and Use Committee of South-Central Minzu University’s eth-
ical guidelines were followed in animal experiments and approved
(Approval Number: S08921080A).

2.11. TdT-mediated dUTP nick-end labeling (TUNEL assay)

Each specimen of the xenograft mice tissues was cut into slices,
fixed, and then embedded in paraffin for TUNEL staining. Following
TUNEL analysis, 200 � magnification photos were taken of each
tumor fraction.

2.12. Immunohistochemistry (IHC) assay

Each section of the xenograft mice tissues was chosen for
immunohistochemistry, and the primary antibody was incubated
with it before the corresponding peroxidase-conjugated horserad-
ish secondary antibody was incubated with it and coating for
observation. The tumor samples were captured on camera with
200 � magnification.

2.13. Hematoxylin-eosin (HE) staining

Each section of xenograft of nude mice samples was stained
hematoxylin and eosin. The tumor samples were captured on cam-
era with 200 � magnification.
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2.14. Statistical analysis

Three independent experiments are used to calculate the mean
and SD of each set of data. Statistics were analyzed using GraphPad
Prism 8.0 Software. ANOVA was used to analyze statistical differ-
ences between the FF-EtOAc treated groups, and P values < 0.05
were considered significant (*P < 0.05, **P < 0.01 or ***P < 0.001).

3. Results

3.1. Chemical composition analysis of FF-EtOAc

The roots of F. ferulaeoides were dried and speed-extracted to
produce FF-EtOAc. By searching databases such as China National
Knowledge Infrastructure, PubMed, PubChem, and Reaxys, we
obtained the complete compound information for F. ferulaeoides.
And a self-building database of chemical compounds was estab-
lished by UNIFI software, including relative molecular mass,
molecular formula, CAS number, and mol file of structural formula
for each chemical composition. Among them, a total of 42 com-
pounds were listed. High-resolution mass spectrometry data of
the main chemical constituents of FF-EtOAc were rapidly acquired
by the UPLC-Q-TOF/MSmethod. The base peak intensity (BPI) chro-
matograms of FF-EtOAc in the negative and positive ion modes and
the basic peak intensity (BPI) chromatograms of FF-EtOAc from in
Fig. 1. UPLC-Q-TOF/MS analysis of FF-EtOAc. (A) The basic peak intensity (BPI) chromato
(B) The ESIMS chromatogram of FF-EtOAc in the positive ion mode. (C) The ESIMS chrom

4

the ultraviolet mode were shown in Fig. 1. We utilized the UNIFI
information management platform for swift matching of its mass
spectrometry data. Upon closer manual examination, 10 principal
chemical constituents were identified in FF-EtOAc, predominantly
furanocoumarins. Detailed insights into these constituents can be
found in Fig. 1, Fig. 2, and Table 1.

3.2. Effect of FF-EtOAc on the proliferation and morphology of EC cells

The anti-proliferative effect of FF-EtOAc on EC cells was evalu-
ated by MTT assay, and the IC50 values and cell survival rates of
FF-EtOAc were obtained (Fig. 3A and B). FF-EtOAc had lower toxi-
city to HEK293 cells than the other two types of EC cells (Fig. 3C).
Furthermore, observation of cell morphology through an inverted
microscope showed that FF-EtOAc induced cellular shrinkage,
floating, deformation, and detachment from the cell matrix
(Fig. 3D). The results showed that FF-EtOAc markedly sup-
pressed EC cells viability and proliferation in vitro.

3.3. Effect of FF-EtOAc on the migration of EC cells

Cell migration is the basis for establishing and maintaining the
normal organization of multicellular organisms, and restraining
the migration of cancer cells is one way to reduce the spread of
highly malignant cancer cells (Trepat et al., 2012). The effects of
gram of FF-EtOAc from UPLC-Q-TOF/MS analysis in the ultraviolet mode at 280 nm.
atogram of FF-EtOAc in the negative ion mode.



Fig. 2. Structural diagram of the chemical components in FF-EtOAc.
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FF-EtOAc on EC cell migration were investigated using both scratch
tests and Transwell assays. The expression of Matrix Metallopro-
teinases is associated with matrix remodeling, particularly cancer
invasion, and angiogenesis (Shay et al., 2015). This will be investi-
gated as a mechanism of action, whereby we examined the expres-
sion of relevant proteins. The FF-EtOAc suppressed the migration
and quantity of EC cells in a dose-dependent relationship as com-
pared to the blank group, according to the comparison of the afore-
mentioned experimental data, and monitoring of MMP-9
expression revealed that FF-EtOAc suppressed MMP-9 expression
(Fig. 4A-4D). Meanwhile, Transwell experiments demonstrate the
same results (Fig. 4E).
3.4. Effects of FF-EtOAc on apoptosis of EC cells

The apoptotic effect of FF-EtOAc on EC cells cultivated in vitro
was evaluated using Annexin V-FITC/PI, Hoechst 33258, and flow
5

cytometry. After treated with FF-EtOAc for 12 h, EC cells have chro-
matin compression in their nuclei and the presence of apoptotic
body, which are characteristic manifestations of apoptosis. And
the number of cells with these characteristics increases with
increasing dose (Fig. 5A). Results from flow cytometry and Annexin
V-FITC/PI analysis demonstrated that FF-EtOAc caused EC cells to
apoptosis in a dose-dependent way (Fig. 5B and 5C).
3.5. Mitochondrial apoptosis and PI3K/Akt/Bad pathways are the main
pathways of FF-EtOAc induction of apoptosis in vitro

F. ferulaeoides has been reported to inhibit cancer cell prolifera-
tion and promote apoptosis through the mitochondrial pathway
and downregulate the expression of phosphorylated Akt (Kim
et al., 2011, Zhang et al., 2015). In addition, downregulation of
phosphorylated Akt expression phosphorylates downstream GSK-
3 a/b and Bcl-2-associated death promoter (Bad) proteins, thereby



Table 1
Identification and Analysis of Chemical Constituents in FF-EtOAc by UPLC-Q-TOF/MS.

No. Molecular Exact
mass

Molecular
formula

Ion type Compound Reference
iron(m/z)

1 395.1852 395.1853 C24H27O5 [M + H]+ 2,3-dihydro-7-hydroxy-2S*,3R*-dimethyl-2-[4-methyl-5-(4-methyl-2-furyl)-3(E)-
pentenyl]-furo[3,2-c]coumarin

(Isaka et al., 2001)

2 395.1887 395.1853 C24H27O5 [M + H]+ 2,3-dihydro-7-hydroxy-2R*,3R*-dimethyl-2-[4-methyl-5-(4-methyl-2-furyl)-3(E)-
pentenyl]-furo[3,2-c]coumarin2,3-Dihydro-7-hydroxy-2S*,3R*-dimethyl-2-[4-
methyl-5-(4-methyl-2- furyl)-3(E)
,7-pentenyl]-furo[2,3-b]chromone

(Isaka et al., 2001)
3 395.1857 395.1853 C24H27O5 [M + H]+ (Nagatsu et al., 2002)

4 395.1834 395.1853 C24H27O5 [M + H]+ 2,3-Dihydro-7-hydroxy-2R*,3R*-dimethyl-2-[4-methyl-5-(4-methyl-2- furyl)-3
(E),7-pentenyl]-furo[2,3-b]chromone

(Nagatsu et al., 2002)

5 383.2214 383.2217 C24H31O4 [M + H]+ 2,3-dihydro-7-hydroxy-2S*, 3R*-dimethyl-3-[4,8-dimethyl-3(E),7-nonadienyl]-furo
[3,2-c] coumarin

(Meng et al., 2013)

6 383.2214 383.2217 C24H31O4 [M + H]+ 2,3-dihydro-7-hydroxy-2R*,3R*-dimethyl-3-[4,8-dimethyl-3(E),7-nona-dienyl]-
furo[3,2-c]coumarin

(Meng et al., 2013)

7 383.2261 383.2217 C24H31O4 [M + H]+ 2,3-dihydro-7-hydroxy-2S*,3R*-dimethyl-2-[4,8-dimethyl-3(E),7-nonadienyl]-furo
[3,2-b]chromone

(Meng et al., 2013)

8 383.2219 383.2217 C24H31O4 [M + H]+ 2,3-dihydro-7-hydroxy-2R*,3R*-dimethyl-2-[4,8-dimethyl-3(E),7-nonadienyl]-furo
[3,2-b]chromone

(Meng et al., 2013)

9 383.2230 383.2217 C24H31O4 [M + H]+ Ferulin E (Meng et al., 2013)
10 397.2389 397.2373 C25H33O4 [M + H]+ Ferulin D (Meng et al., 2013)
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preventing cancer cells from undergoing apoptosis (Zhang et al.,
2020, Huang et al., 2021).

Western blot analysis was utilized to measure the expression
levels of proteins associated with the mitochondrial apoptosis
pathway and PI3K/Akt/Bad pathway. The results specifically
showed that FF-EtOAc lowered the ratio of B-cell lymphoma-24(
Bcl-2)/Bcl-2-associated X protein (Bax) and elevated the expres-
sion of cleaved Caspase-9, �3, and cleaved PARP in a dose-
dependent way (Fig. 6A and 6B). The results also showed that FF-
EtOAc concentration-dependently down-regulated the expression
of p-Akt, p-GSK-3, and p-Bad, then elevated the expression of
PTEN, but did not affect the protein levels of total Akt, GSK-3a/b,
or Bad (Fig. 6C and 6D). All the results demonstrated that FF-
EtOAc activated the mitochondrial and PI3K/Akt/Bad apoptotic
pathways to cause apoptosis in vitro.
3.6. Effects of FF-EtOAc on growth inhibition in Eca-109 xenograft
tumor nude mice and on apoptosis of Eca-109 cells in vivo

Female BALB/c nude mice were used to create Eca-109 subcuta-
neous tumor xenograft models, which were used to assess the
therapeutic effectiveness of FF-EtOAc in vivo. When mice were
treated with FF-EtOAc for 21 days, Eca-109 xenograft growth, vol-
ume, and weight were suppressed in dose-dependent way, but
mice’s weight did not significantly change (Fig. 7A and 7B).

Evaluation of the effect of FF-EtOAc on apoptosis production
in vivo by TUNEL assay and IHC assay. TUNEL labeling of xenograft
sections shows that the nuclei of apoptotic cells appear in fluores-
cent green and their number increases gradually in a dose-
dependent manner (Fig. 7C). Meanwhile, the immunohistochemi-
cal assay results show that FF-EtOAc down-regulated the expres-
sion of p-Akt, but increased the expression of cleaved Caspase-3,
(Fig. 7C). As per the results from HE staining, FF-EtOAc treatment
caused chromatin agglutination and loosen the structure of tumor
cells in a dose-dependent manner (Fig. 7C). Additionally, western
blot analysis demonstrated that FF-EtOAc caused apoptosis
in vivo activating the PI3K/Akt/Bad and mitochondrial apoptotic
pathways, these results were shown by in vitro (Fig. 8A and 8B).
Schematic summary of the mechanisms of FF-EtOAc induced EC
cells apoptosis by mitochondrial and PI3K/Akt/Bad pathways in
the present study (Fig. 9).
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4. Discussion

Esophageal cancer was mainly occurred in the esophagus, and
usually started in the cells inside the esophagus and can appeared
anywhere in the esophagus. There are various treatments for eso-
phageal cancer, such as surgery, radiotherapy, chemotherapy, etc.,
but they are criticized by cancer patients because of their poor
healing process and side effects. Because natural products have
low side effects, alleviate the symptoms of patients with cancer,
prevent recurrence, and prolong survival, it was a hot area of
anti-cancer research in the present today (Liu et al., 2019, Cao
et al., 2021, Zhang et al., 2021).

The genus of Ferula L. was belonged to the family Umbelliferae,
and it was a rare traditional Chinese medicine. There are more than
180 species of Ferula L. reported worldwide, and more than 20 spe-
cies are mainly distributed in Xinjiang, and Ferula ferulaeoides
(Steud.) Korovin was one of them. Additionally, the resin and roots
of F. ferulaeoides have significant commercial and therapeutic
potential in Xinjiang (Salehi et al., 2019, Liu et al., 2020). Although
previous literature has acknowledged the anti-cancer potential of
F. ferulaeoides, the specific anti-esophageal cancer mechanism
remains underexplored (Li et al., 2018, Yao et al., 2020). In the
meantime, our experiments demonstrate that FF-EtOAc had anti-
proliferative effects on EC cells (Eca-109 and KYSE-150) and with-
out significant toxicity to HEK293 cells. Moreover, FF-EtOAc could
inhibit the migration activity of the EC cells as observed by cell
migration assay and Transwell assay (Fig. 3 and Fig. 4).

Apoptosis, first described in 1972 as a form of programmed cell
death (PCD) (Kerr et al., 1972, Kaczanowski 2016). It was utilized to
get rid of undesirable cells in the early stages of growth. During
adulthood, apoptosis is used to eliminate damaged cells and that
prevents cancer from proliferating. It was could stop uncontrolled
cell proliferation and tumor growth helps to prevent cancer
(Riviere and Monteiro-Riviere 2010). Apoptotic cells generally
showed cell shrinkage, while further shrunken cells break down
into the apoptotic body. As stated by our study used Hoechst
33258 and Annexin V-FITC/PI double labeling, FF-EtOAc treatment
triggered dose-dependent apoptosis in EC cells (Fig. 5.).

The membrane receptor pathway of apoptosis (extrinsic apop-
totic pathway) and the biochemical mechanisms of cytochrome C
released and Caspases activation (intrinsic apoptotic pathway)



Fig. 3. FF-EtOAc inhibited the development of EC cells. (A and B) MTT assays were used to determine Eca-109 and KYSE-150 cells inhibition rates and IC50 values after FF-
EtOAc incubation for 6, 12, or 24 h (0, 10, 20, 30, 40, and 50 lg/mL). (C) MTT assays were used to determine Eca-109, KYSE-150 and HEK293 cells inhibition rates and IC50

values after FF-EtOAc incubation 12 h (0, 10, 20, 30, 40, and 50 lg/mL). (D) The morphology of two EC cells after incubation with FF-EtOAc (0, 10, 20, and 30 lg/mL) for 12 h.
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Fig. 4. Cell migration in EC cells is inhibited by FF-EtOAc. (A and B) In order to determine the effect of FF-EtOAc on the migration of Eca-109 cells, scratch wound healing
experiments and Western blotting using b-actin as an internal control were employed to evaluate the expression levels of cell metastasis-related proteins. (C and D) In order
to determine the effect of FF-EtOAc on the migration of KYSE-150 cells, scratch wound healing experiments and Western blotting using -actin as an internal control were
employed to evaluate the expression levels of cell metastasis-related proteins. (E) In Transwell chambers treated with FF-EtOAc for 24 h, Eca-109 and KYSE150 cells were
added, and the number of migrating cells was then counted. The control was b-actin. *P < 0.05, **P < 0.01 or ***P < 0.001 compare to control.
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Fig. 5. FF-EtOAc induced apoptosis in EC cells. (A) Eca-109 cells and KYSE-150 cells were incubated with 0, 10, 20, and 30 lg/mL for 12 h and stained with Hoechst 33258. (B)
Eca-109 cells and KYSE-150 cells were exposed to 0 and 30 lg/mL for 12 h before being stained with Annexin V/PI and examined under a fluorescence microscope. (C) Eca-
109 cells and KYSE-150 cells were exposed to 0 and 30 lg/mL for 12 h. After Annexin V-FITC and PI labeling, the fraction of apoptosis was determined by flow cytometry.
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Fig. 6. In vitro, mitochondrial apoptotic and PI3K/Akt/Bad pathways were used by FF-EtOAc to induce apoptosis (A and B). By Western blot assay, the relative expression of
Bcl-2/Bax, cleaved caspase-9 and caspase-3, and PARP was detected after FF-EtOAc treated laryngeal carcinoma cells (0, 10, 20, and 30 lg/mL) for 12 h. (C and D) Using
Western blot assay, the relative expression of PTEN, p-Akt/Akt, p-Gsk-3/Gsk-3 and p-Bad/Bad was detected after FF-EtOAc treated laryngeal carcinoma cells (0, 10, 20, and
30 lg/mL) for 12 h. The control was b-actin. *P < 0.05, **P < 0.01 or ***P < 0.001 compare to control.
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were the primary pathways of the apoptosis mechanism (Cory and
Adams 2002, Matthews et al., 2012). In the intrinsic apoptotic
pathway, the Bcl-2 (B-cell leukemia/lymphoma-2) family is split
into three parts, (1) anti-apoptotic protein (Bcl-2, Bcl-xl, BcldW,
Mcl-1, and BFL-1/A1), (2) pro-apoptotic protein (Bax, Bak, and
Bok) and (3) pro-apoptotic BH3-only protein (Bad, Bid, Bik, Bim,
BMF, HRK, Noxa, and PUMA). First, the anti-apoptotic (Bcl-2) was
inhibited, and the pro-apoptotic (Bax) was activated. As a result,
cytochrome C diffuses into the cytoplasm and mitochondrial outer
10
membrane permeability (MOMP) is altered. Cytochrome C binded
to Apaf-1, and resulted in pro-Caspase-9 and pro-Caspase-3 prote-
olytic activation in the cytoplasm, cleaving the cell substrate and
inducing apoptosis (Kashyap et al., 2021). According to the study,
treatment with FF-EtOAc can enhance the expression of pro-
Caspase-9, pro-Caspase-3, and Bax, and decreased the expression
of Bcl-2 both in vitro and in vivo (Fig. 6 A, Fig. 6 B, and Fig. 8 A).

The phosphoinositide3-kinase (PI3K) is a member of the proto-
oncogene family, it’s an important kinase for inositol and phos-



Fig. 7. Apoptosis and the inhibitory effect in vivo of FF-EtOAc on transplanted tumors. (A and B) After treated with FF-EtOAc (0, 60 and 120 mg/kg) for 21 days, then We
dissected tumors from the control and FF-EtOAc-treated mice. The tumor volume, tumor weight, and mouse weight were also counted. (C) Prepared tumor slices underwent
TUNEL analysis. The green fluorescence stains in the Tunel experiment showed that the FF-EtOAc-treated mice’s tumors underwent apoptosis. Eca-109 inoculated mouse
tumor tissue samples were produced and IHC-tested. Manifestations of cleaved Caspase-3 and p-Akt were pictured and quantified by IHC. *P < 0.05, **P < 0.01 or ***P < 0.001
compare to control.
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Fig. 8. In vivo, FF-EtOAc caused apoptosis via the PI3K/Akt/Bad and mitochondrial apoptotic pathway. (A) By using Western blot technique, it was possible to identify the
relative expression of Bcl-2/Bax, cleaved caspase-9 and caspase-3, and PARP in malignancies. (B) By Western blot assay, the relative expression of PTEN, p-Akt/Akt, p-Gsk-3/
Gsk-3, and p-Bad/Bad was detected from tumors. The control was b-actin. *P < 0.05, **P < 0.01 or ***P < 0.001 compare to control.

Fig. 9. Schematic summary of the mechanisms of FF-EtOAc induced EC cell apoptosis in the present study.
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phatidylinositol. Under normal conditions, lipid-like products are
produced by their activation. The lipid products produced by its
activation are three types, and phosphatidylinositol 3,4,5-
triphosphate [PI (3,4,5) P3] is one of them. It was also called Akt
(also known as protein kinase B, PKB), it was a serine/threonine
protein kinase with a molecular weight of approximately 60 kDa.
Akt could be divided into three isoforms (AKT1, AKT2, AKT3 or
PKBa, PKBb, PKBc), which have different but all have overlapping
functions. (Osaki et al., 2004). As a downstream protein of PI3K,
Akt had two major phosphorylation sites, Thr308 and Ser473.
PI3K could not directly activate Akt, but it’s by binded to the intra-
cellular PH domain-containing signaling protein Akt and
phosphoinositide-dependent kinase I (PDK1), which induced Akt
to the cell membrane and then catalyzes the phosphorylation of
the Thr308 site of the Akt protein, thus partially activating Akt,
but phosphorylation of Ser473 is required for the full functional
activity of Akt. It was found that inactivation of PTEN loss leads
to activation of the PI3K/Akt pathway and that EGFR overexpres-
sion or mutation also produces these types of results. (Colakoglu
et al., 2008, Alvarez-Garcia et al., 2019, Aboelez et al., 2023).

Glycogen synthesis kinase 3 (GSK-3), a serine/threonine kinase,
had been found to have two isoforms, GSK3a and GSK3b. GSK3b
acted as a substrate in the PI3K/Akt pathway, a downstream pro-
tein that interacts directly with Akt and is involved in the cell pro-
liferation process (Woodgett 1990, Cross et al., 1995). Bad is a
member of the Bcl-2 family of pro-apoptotic BH3-only protein
(Xu et al., 2021).

Through phosphorylation of serine 473 (Ser473), PI3K activates
Akt’s function. Activated Akt can then deactivate pro-apoptotic
proteins (Bad) and activate proteins that prevent apoptosis
through the process of phosphorylation (Bak et al., 2011,
Benvenuto et al., 2017). After being phosphorylated by Akt, GSK3
is inactivated, which consequently prevented the onset of apopto-
sis (Eléonore Beurel and Richard S Jope 2006). in vitro and vivo, FF-
EtOAc caused apoptosis in EC cells via the PI3K/Akt/Bad signaling
pathway, according to a Western blot study of the relevant protein
expression (Fig. 6C and 6D; Fig. 8B). In a nutshell, our work showed
that FF-EtOAc significantly reduced the proliferation and migration
of EC cells (Eca-190 and KYSE-150) and had lower toxicity to
HEK293 cells. After in vivo and in vitro experiments, it was deter-
mined that FF-EtOAc could induce apoptosis in EC cells, and further
verified that FF-EtOAc triggers apoptosis in EC cells under PI3K/
Akt/Bad pathway and mitochondrial apoptosis pathway. This also
suggests that FF-EtOAc could be investigated further as a potential
drug for the treatment of esophageal cancer.
5. Conclusion

In conclusion, FF-EtOAc can effectively inhibit EC cell growth
and enhance apoptosis partly by inhibiting the PI3K/Akt/Bad and
mitochondrial pathway in vivo and in vitro. These findings provide
strong evidence for the potential of FF-EtOAc as a chemotherapeu-
tic drug for esophageal carcinoma.
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