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Abstract: Objective: Ovarian cancer (OC) is the eighth most common cancer with high mortality in women
worldwide. Currently, compounds derived from Chinese herbal medicine have provided a new angle for OC
treatment.
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ed after being treated with nitidine chloride (NC) by using MTT and Wound-Healing Assay. Flow cytometry
DOI: analysis indicated NC-induced apoptosis of ovarian cancer cells, and AO and MDC staining showed that NC

10.2174/1381612829666230614154847  treatment induced the appearance of autophagosomes and autophagic lysosomes in ovarian cancer cells.
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Results: Through the autophagy inhibition experiment of chloroquine, it was proved that NC significantly fur-

ther promoted apoptosis in ovarian cancer cells. Furthermore, NC proved that it could significantly decrease the

expression of autophagy-related genes such as Akt, nTOR, P85 S6K, P70 S6K, and 4E-BP1.

Conclusion: Therefore, we suggest that NC could trigger autophagy and apoptosis of ovarian cancer cells
through Akt/mTOR signaling pathway, and NC may potentially be a target for chemotherapy against ovarian

cancer.
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1. INTRODUCTION

Ovarian cancer (OC) is the eighth most common cancer in wo-
men worldwide, and also one of the leading gynecologic diseases
with high mortality worldwide [1]. Due to the insidious onset of
ovarian cancer and a lack of effective early diagnostic indicators,
ovarian cancer is often found in the advanced stage, which leads to
low survival rates [2]. According to the latest statistics, there are
about 300,000 female ovarian cancer patients in the world each
year, with 185,000 deaths and a mortality rate of 0.45% [3]. The
pathogenic mechanism of ovarian cancer is still unclear, which is
generally considered to be the result of heredity and environment.
Cytoreductive surgery is an effective method for ovarian cancer
treatment, but its efficacy for patients with advanced ovarian can-
cer is still limited. At present, platinum-based combination che-
motherapy is the first-line treatment for advanced ovarian cancer
[4]. However, in the initial stage of chemotherapy, 20% of patients
do not respond to platinum chemotherapy, and even up to 75% of
ovarian cancer patients have a relapse. At the same time, patients
receiving treatment after relapse often develop resistance to che-
motherapy drugs [5, 6]. Therefore, identifying the sensitivity of pa-
tients to chemotherapy drugs and screening effective combined che-
motherapy drugs co-effectively improve the chemotherapy efficacy
of ovarian cancer.

With the continuous development of chemotherapy drugs, com-
bined chemotherapy for ovarian cancer is still the main method. In
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recent years, some Chinese herbal medicine ingredients have been
found to have anti-cancer effects of inhibiting the proliferation of
cancer cells and inducing apoptosis, thus improving the sensitivity
of patients to chemotherapy drugs in vivo and/or in vitro, such as
genistein, curcumin, phytosterols, ginsenoside, quercetin, efc. [7,
8]. The mechanism of action of these Chinese herbal ingredients in-
cludes influencing gene expression, anti-oxidation, inhibiting the
activity of key enzymes in cell metabolism, and inhibiting tumor
angiogenesis [9]. The bioactive components of traditional Chinese
medicine, as adjuvant therapy of chemotherapy, have broad clinical
application prospects. Generally, traditional Chinese medicines
(TCMs) achieve their therapeutic effects through synergistic inter-
actions via multi-components and multi-targets [10]. Natural prod-
ucts mainly come from plants, microorganisms, and animals, in-
cluding quinones, phenylpropanoids, terpenoids, flavonoids,
steroids, polysaccharides, alkaloids, and so on [7]. Among them, al-
kaloids are very important natural organic compounds with great
medicinal potential and value. Since the discovery of the first alka-
loid morphine in 1806, about 130,000 known alkaloids have been
discovered [11]. A large number of studies have shown that alka-
loids have extensive pharmacological effects, such as anti-cancer,
antioxidation, anti-inflammation, and immune regulation [12]. At
present, there are more than 100 kinds of alkaloids that have been
used in clinical treatment, such as berberine, quinine, scopolamine,
hyoscyamine, cocaine, anisodamine, and ephedrine [13]. The re-
search on alkaloids have always been one of the important research
fields in the fields of natural product chemistry, pharmacy, and
pharmaceutical chemistry, which has constantly aroused the inter-
est of scientists and lasted for a long time.

Nitidine chloride (NC), a quaternary ammonium benzophenan-
thridine alkaloid, was initially isolated from the roots of Zanthoxy-
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lum nitidum (Roxb.) DC. by Arthur et al., in 1959, and then was
successively found in many other medicinal plants [14]. Due to its
relatively high content in Zanthoxylum nitidum, currently, nitidine
chloride is mainly extracted from the roots or stems of Zanthoxy-
lum nitidum which is a common traditional Chinese medicine [15].
Zanthoxylum nitidum has many traditional effects, such as promot-
ing blood circulation and removing blood stasis, detoxication and
detumescence, and expelling wind and dredging meridian [16]. In
ancient China, Zanthoxylum nitidum was usually used as the main
component of prescriptions to treat toothache, trauma, and gastroin-
testinal diseases [17]. With the continuous deepening and develop-
ment of modern pharmacological research, NC showed a wide
range of pharmacological activities, including anti-inflammation,
anti-tumor, anti-colitis, anti-osteoporosis, anti-malaria, and so on
[18]. In the field of anti-tumor, it is found that NC can affect and
regulate the growth of breast cancer, lung cancer, liver cancer, gas-
tric cancer, efc. [19], but research in ovarian cancer is still relative-
ly scarce. The existing literature mainly focuses on NC's influence
on the proliferation of ovarian cancer cells through ERK, AKT,
and Fas pathways [20, 21], but few researchers have found out
whether NC affects autophagic apoptosis of ovarian cancer cells
through regulating signal pathways.

Therefore, this study aimed to determine the effects of NC on
apoptosis and autophagy in ovarian cells. Effects of NC on prolifer-
ation and migration of ovarian cancer cells were detected by using
MTT and cell scratch test. Flow cytometry was used to detect the
effect of NC on apoptosis and autophagy of ovarian cancer cells,
and the Akt/mTOR signaling pathway in ovarian cancer was evalu-
ated by using western blot experiment. All these results suggest
that NC can effectively promote autophagic apoptosis of ovarian
cancer cells through Akt/mTOR signaling pathway, which provides
a theoretical basis for further research on NC's inhibition of tumor
cell growth.

2. MATERIALS AND METHODS

2.1. Cell Culture and Chemicals

Ovarian cancer cell lines SKOV3 and A2780 were purchased
from the Cell Bank of the Chinese Academy of Sciences (Shang-
hai, China) and KeyGEN BioTECH Co., Ltd. (Jiangsu, China).
They were maintained in DMEM (high sugar) medium and Mc-
COY's 5A medium with 10% FBS and 1% penicillin-streptomycin
(37°C, 5% CO,).

2.2. Reagents and Antibodies

Nitidine chloride (NC, CAS no. 13063-04-2) was ordered from
Tauto Biotech Co., Ltd. (Shanghai, China). 3-[4,5-Dimethylthia-
z0l-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay was
purchased from Beyotime Institute of Biotechnology (Shanghai,
China), FITC Annexin V Apoptosis Detection Kit [(#556547) was
purchased from BD Biosciences (Franklin Lakes, NJ, USA).
Chloroquine (CQ) was ordered from Selleck. Monodansylcadav-
erine (MDC) or acridine orange (AO) were purchased from Solar-
bio Science & Technology Co., Ltd. (Beijing, China). The primary
antibodies were provided by Cell Signaling Technology (USA), in-
cluding LC3A/B (D3UA4C, #12741, 1:1000), SQSTM1/p62 (D5SE2,
#8025, 1:1000), Akt (C67E7, #4691, 1:1000), Phospho-Akt
(Thr308, D25E6, #13038, 1:1000), mTOR (7C10, #2983, 1:1000),
Phospho-mTOR (Ser2448, D9C2, #5536, 1:1000), p70 S6 Kinase
(49D7, #2708, 1:1000), Phospho-p70 S6 Kinase (Thr389, 108D2,
#9234, 1:1000), 4E-BP1 (53HI11, #9644, 1:1000), Phospho-
-4E-BP1 (Thr37/46, 236B4, #2855, 1:1000), B-Actin (13ES,
#4970, 1:5000).
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2.3. Cell Proliferation Assay

To better observe the inhibitory effect of NC on tumor cell pro-
liferation, we planted ovarian cancer cells in a 96-well plate at a
density of 3000 cells/well. After overnight culture, the medium
was removed and replaced with different concentrations of the NC
for 24 hours, 48 hours, and 72 hours. 20 uL. MTT was added to
each well and 150 pL of DMSO was used to dissolve the crystals
after incubated 4 hours. The absorbance at 570 nm was measured
with a multi-functional microplate reader (BioTek, cytation3, US-
A).

2.4. Wound-healing Assay

On the back of the six-well plate, evenly spaced lines were
drawn with a marker, and the interval between each line was
0.5-1.0 cm. The cells were resuspended and planted in a six-well
plate at an appropriate density to ensure that they could cover the
bottom of the plate after overnight incubation. The pipette tip was
used to draw a uniform straight line perpendicular to the six-well
plate. After the cells were washed with PBS, serum-free medium
and drugs were added and photographed at 0 hours and 24 hours,
respectively, and then the cells were placed in an incubator.

2.5. Cell Apoptosis Assay

Ovarian cancer cells were resuspended and implanted in a 6-
well plate until adhered and treated with drugs for 48 hours. The
cells were digested with trypsin without Ethylenediaminetetaacetic
acid (EDTA), washed with pre-cooled PBS, and centrifuged at
1200 r/min for 5 minutes to collect the cells. The cells were resus-
pended to a density of 1x10° cells/cm’ with binding buffer and add-
ed to the flow tube. Then the cells were incubated with 5 pLL FITC
Annexin V and 5 uL PI in the dark (25°C) for 15 minutes, and then
400 pL binding buffer (1x) was added. The samples were placed in
ice and measured by the flow cytometer within 1 hour.

2.6. Detection of Autophagy by AO and MDC Staining

Cells were planted on Petri dishes at a density of 6x10° cells/
cm’ and cultured overnight. The cells are washed once with wash-
ing buffer, stained with monodansylcadaverine (MDC) for 45 min-
utes, and acridine orange (AO) for 15 minutes. After washing twice
with PBS, serum-free medium was added, and the laser confocal
microscope was used to observe and take pictures.

2.7. Western Blot

The ovarian cancer cells were planted on a six-well plate, and
treated with NC, DMSO or CQ for 48 hours. Then cells were
washed with PBS thrice and added RIPA lysis solution. The total
protein was collected with cell scrapers and centrifuged at 13000
r/min for 30 min. The concentration of protein solution was deter-
mined by BCA protein assay, and the quantitative 60-80 pg protein
was separated by 10% SDS-PAGE. After being transferred to the
PVDF membrane, it was sealed with skimmed milk at room temper-
ature for 2 hours, and incubated in the primary antibody overnight.
Then the PVDF membrane was washed with Tris-buffered saline
solution containing Tween 20 and then incubated in the secondary
antibody for two hours. The chemiluminescent HRP substrate (Mil-
lipore, USA) was mixed and evenly smeared on the surface of the
membrane. The results were visualized by Tanon 5200 Detection
System (Shanghai, China) and analyzed by ImageJ software.

2.8. Statistical Analysis

The data are shown as mean + standard deviation. GraphPad
Prism 6.0 software used ANOVA to evaluate statistical signifi-
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Fig. (1). Nitidine chloride inhibited cell viability and migration of ovarian cancer cells. (A) Nitidine chloride inhibited cell viability of ovarian
cancer A2780/SKOV3 cells. Cell viability was determined using MTT assays, and the calculation of IC, was obtained by using Probit regres-
sion analysis in SPSS 18.0 software; (B) Nitidine chloride inhibited cell migration of ovarian cancer A2780/SKOV3 cells. (**p < 0.01, stu-
dent’s t-tests). (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

cance in multiple groups. A p-value less than 0.05 is considered sta-
tistically significant.

3. RESULTS

3.1. Nitidine Chloride Inhibited Cell Viability and Migration of
Ovarian Cancer Cells

To identify the role of nitramine chloride in ovarian cancer
cells, MTT assays and wound healing assays were conducted in
ovarian cancer cells. In MTT experiments, A2780 and SKOV3
cells were incubated with different concentrations of NC (0, 0.25,
0.74,2.22, 6.67,20.0 uM) for 24, 48, and 72 h, respectively. The re-
sults indicated that the NC could significantly inhibit the viability
of ovarian cancer cells compared with the control group, and this ef-

fect was more obvious with increasing dose and time (Fig. 1A). Al-
most 50% cell viability in A2780 and SKOV3 cells was suppressed
by 2.831 uM and 4.839 uM NC after 48 h treatment, respectively.
Therefore, 2 uM and 4 uM NC were chosen for A2780 cells and 4
uM and 8 uM NC were chosen for SKOV3 cells to conduct subse-
quent experiments. As shown in Fig. (1B), nitramine chloride can
suppress ovarian cancer cell migration, and this inhibition has signi-
ficant statistical significance when the concentration of NC ex-
ceeds the IC;, value.

3.2. Nitidine Chloride Promoted Cell Apoptosis of Ovarian Can-
cer Cells

To investigate whether the NC could affect the apoptosis of
ovarian cancer, the human ovarian cancer cells A2780 and SKOV3
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Fig. (2). Nitidine chloride promoted cell apoptosis of ovarian cancer A2780/SKOV3 cells. (A) Apoptosis of ovarian cancer A2780 cells after
nitidine chloride treatment; (B) Apoptosis of ovarian cancer SKOV3 cells after nitidine chloride treatment (**p < 0.01, student’s #-tests). (4
higher resolution/colour version of this figure is available in the electronic copy of the article).

were incubated with different concentrations NC for 48 h. Com-
pared with the control group cells, Annexin V-FITC/PI assay
showed that NC exposure induced cell apoptosis in both A2780
and SKOV3 cells. The results revealed that 2 uM and 4 uM NC in-
creased the rate of early apoptosis from 10.89 + 1.90% in the con-
trol group to 26.29 + 1.72% and 44.4 £+ 3.36% in A2780 cells, re-
spectively (Fig. 2). At the same time, the apoptosis rates of SKOV3
cells treated with NC were 18.7,sis in both A2780 and SKOV3
cells. The results revealed nitidine chloride could significantly stim-
ulate the apoptosis of ovarian cancer cells.

3.3. Nitidine Chloride Induced the Appearance of Autophago-
somes and Autophagic Lysosomes of Ovarian Cancer Cells

AO and MDC staining were used to observe the phenomenon
of autophagy. MDC was an acidophilic stain, which was often used

for autophagy staining and showing green fluorescence. As shown
in Fig. (3A), compared with the control, A2780 and SKOV3 cells
were treated with NC at 2 uM and 4 puM for 48 hours, and the num-
ber of cells stained with MDC increased significantly, and the
green fluorescence showed dot aggregation, which indicated the ag-
gregation of autophagosomes.

AO could penetrate the cell membrane and insert into the nu-
cleus to combine with DNA, and emit green fluorescence. It could
also enter acidic organelles such as autophagic lysosomes, and emit
red fluorescence in low pH environments. Compared with the con-
trol group, the NC-treated A2780 and SKOV3 cells showed red
acid vesicles, indicating the aggregation of autophagic lysosomes,
while the control group did not show obvious acid organelles (Fig.
3B). These results suggested that NC could induce the formation of
autophagy and autophagic lysosome.
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Fig. (3). Nitidine chloride induced the appearance of autophagosomes and autophagic lysosomes of ovarian cancer cells. (A) Nitidine chloride
induced the appearance of autophagosomes of ovarian cancer A2780/SKOV3 cells; (B) Nitidine chloride induced the appearance of au-
tophagic lysosomes of ovarian cancer A2780/SKOV3 cells. The cells were observed and analyzed using a microscope with a X10 objective.
(A4 higher resolution/colour version of this figure is available in the electronic copy of the article).

3.4. Effect of Nitidine Chloride on the Autophagic Flow of an LC3 turnover assay was used to evaluate the autophagic flow of
Ovarian Cancer Cell cells. Fig. (4) showed that LC3-II/LC3-I in the group treated with
. ) ) CQ and NC was significantly higher than that in the group treated

Autophagy was a dynamic process, and the increase in the num- with CQ alone. It indicated that NC treatment promoted the genera-

ber of the autophages may be due to the activation of autophagy or tion of autophage in ovarian cancer cells. At the same time, the

the damage of the downstream reaction of autophagy. Therefore, LC3-1I/LC3-I ratio of the group treated with CQ and NC was also



Nitidine Chloride Triggers Autophagy and Apoptosis of Ovarian Cancer Cells

A2780 Cells

Current Pharmaceutical Design, 2023, Vol. 29, No. 19 1529

SKOV3 Cells

(A)
NC (uM) 0 2 4

0 4 8

LC3-l e ——
P62 Ed s

K%

ACTIN |-_—|

4.0 A2780 Cells
sk
1 ==Control
3.0 =NC=4uM
s NC=8uM

2.0

Relative protein levels

2.0 SKOV3 Cells
b e=Control
15 = NC=4uM

== NC=8uM
1.0

0.5

Relative protein levels

0
LC3B/LC3A P62 LC3B/LC3A P62
(B)
A2780 Cells __SKOV3 Cells
NC 2 pM) - + - + NC — + - +
¢ e R
LC3-l
PAcn g S — — | ———
sksk «
£ 50 = £a0] Ex
2 g
= i = i
g W g 3.0
£ 30 z
2 £ 20
g 20 ] &
= | 210 ]
= 10 -
Q Q
- 0 - 0
NC (2 uM) - + - T oNC@ W) - + - +
CQ (10 pM) - - + + CQ (10 uM) - - + +
A2780 Cells SKOV3 Cells

Fig. (4). Effect of Nitidine chloride on autophagic flow of ovarian cancer cell. (A) Western blot analysis detected the expression levels of
LC3-1, LC3-I1, and P62 proteins after treatment of ovarian cancer A2780/SKOV3 cells with nitidine chloride. (B) Western blot analysis de-
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quine, nitidine chloride and chloroquine, respectively. Student’s #-tests: *p < 0.05, **p < 0.01, SPSS. (4 higher resolution/colour version of

this figure is available in the electronic copy of the article).

higher than that of the group treated with NC alone, indicating that
NC did not inhibit the fusion of autophagy and lysosome.

3.5. Effects of Nitidine Chloride on Proliferation and Apoptosis
of Ovarian Cancer Cells after Autophagy Inhibition

CQ was a good inhibitor for autophagy research, when NC and
CQ were combined, significant enhancement of NC-induced inhibi-
tion of cell viability was observed in A2780 and SKOV3 cells (Fig.
5A). In addition, Annexin V/PI double staining also showed an in-

crease in the proportion of apoptotic cells, indicating that autopha-
gy may play a cytoprotective role in NC-induced cell death (Fig.

5B).

3.6. Nitidine Chloride Inhibited Akt/mTOR Signaling Pathway
of Ovarian Cancer Cells

The above experimental results showed that NC could inhibit
the proliferation and induce apoptosis of ovarian cancer cells. Previ-
ous evidence indicated that the Akt/mTOR signaling pathway was
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Fig. (5). Effects of Nitidine chloride on proliferation and apoptosis of ovarian cancer cells after autophagy inhibition. (A) Effects of Nitidine
chloride on the proliferation of ovarian cancer A2780/SKOV3 cells after autophagy inhibition. (B) Effects of Nitidine chloride on apoptosis
of ovarian cancer A2780/SKOV3 cells after autophagy inhibition. **p < 0.01, SPSS. (4 higher resolution/colour version of this figure is avai-

lable in the electronic copy of the article).

associated with cell proliferation and apoptosis. However, it was
not clear whether NC affected ovarian cancer cells through Akt/m-
TOR pathway. To test this possibility, the expression of key pro-
teins in the Akt/mTOR pathway was detected after 48 h treatment
by NC. As shown in Fig. (6), the levels of Akt, mTOR, P85 S6K,

P70 S6K, and 4E-BP1 were reduced under NC treatment. In partic-
ular, compared with the control, NC treatment significantly inhibit-
ed the levels of p-Akt, p-mTOR, p-P85 S6K, p-P70 S6K, and
p-4E-BP1. These findings indicated NC could inhibit the Akt/m-

TOR signaling pathway.
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4. DISCUSSION

Ovarian cancer is one of the major gynecological diseases with
high mortality worldwide. Although significant progress has been
made in genomics, proteomics, and radiology, little progress has
been made in translating these research advances into effective clin-
ical treatment of ovarian cancer [22, 23]. Genetic mutation, other
genetic factors, and chemical-induced carcinogenesis play a key
role in the formation of ovarian tumors. More than 90% of ovarian
malignant tumors are cancers, which are believed to originate from
ovarian surface epithelium and/or fallopian tubes [24]. OC treated
by radiochemotherapy schemes often caused serious adverse reac-
tions, which seriously affect the quality of life and immune func-
tion of patients [25, 26]. Therefore, it is urgent to seek an alterna-
tive therapy that can improve the quality of life and immune func-
tion of patients. Several studies have recognized that traditional

Chinese medicines have unique advantages in the treatment of ma-
lignant tumors by inhibiting the growth of cancer cells, enhancing
human immunity, reducing cancer recurrence and metastasis, and
slowing down disease progress [27-29].

Zanthoxylum bungeanum (ZB) belongs to Rutaceae, and its un-
derground root is used as the medicinal part recorded in the Chi-
nese Pharmacopoeia [30, 31]. ZB has excellent curative effects,
such as treating toothache, stomachache, trauma, and rheumatoid
arthritis. In daily life, ZB can be used as toothpaste and hand sani-
tizer. In a previous study, researchers focused on the chemical sepa-
ration and activity evaluation of ZB [32, 33]. ZB extract showed
good anti-inflammatory and antioxidant activities. Alkaloids, the
main components of ZB, have attracted more and more attention
[34]. Nitidine is a typical alkaloid in ZB, which has been found to
have antifungal and anti-inflammatory activities, and its derivative
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NC has been found to have a wide range of anti-tumor activities
[35-37], but research in ovarian cancer is still lacking. In this study,
NC was proved to significantly inhibit the proliferation of ovarian
cancer cells and promote the apoptosis of ovarian cancer cells,
which is closely related to the autophagy process of ovarian cancer
cells.

Cell autophagy is an important mechanism for cells to protect
themselves under extreme conditions such as nutritional deficien-
cy, drug intervention, and environmental stimulation, to promote
cell survival [38]. Therefore, fine regulation of autophagy is ex-
tremely important for the direction of cell fate [39]. The involve-
ment of autophagy in the regulation of malignant transformation of
tumors and chemotherapy resistance is a research hotspot in recent
years. A large number of studies show that autophagy is considered
to hinder the occurrence of tumors in the early development of tu-
mors, but after radiotherapy and chemotherapy, autophagy can
timely remove and use harmful substances inside and outside cells
to promote malignant transformation of tumors [40, 41], which
may be the main reason why clinical cancer patients relapse and
are difficult to treat after chemotherapy, Therefore, some scholars
proposed to inhibit autophagy to improve the chemosensitivity of
breast cancer cells [42]. Interestingly, NC can amplify the inhibi-
tion of proliferation and promotion of apoptosis of ovarian cancer
cells after inhibition of autophagy of ovarian cancer cells by chloro-
quine, indicating that autophagy after NC treatment has a protec-
tive effect on ovarian cancer cells. A large number of studies have
shown that autophagy is regulated by upstream PI3K/Akt/mTOR,
LKBI/AMPK/mTOR, and other signal pathways [43-45]. This
study demonstrated that NC can inhibit the expression and phospho-
rylation of Akt and mTOR proteins through WB experiments, indi-
cating that NC can affect autophagy and promote apoptosis of
ovarian cancer cells through Akt/mTOR pathway. Moreover, the
downstream 4E-BP1 protein and its phosphorylated expression lev-
el were also significantly inhibited by NC, suggesting that NC
mainly regulates the malignant phenotype of ovarian cancer cells
through Akt/mTOR/4E-BP1 signaling pathway.

CONCLUSION

To sum up, in this study, we found that NC can inhibit the pro-
liferation of ovarian cancer cells and promote apoptosis of ovarian
cancer cells. Combined with the autophagy inhibitor chloroquine,
the results showed that NC could further induce apoptosis of
ovarian cancer cells, indicating that inhibition of autophagy could
improve the sensitivity of ovarian cancer cells to NC. Furthermore,
NC has been proven to be able to regulate the malignant phenotype
of ovarian cancer cells by regulating AKT/mTOR pathway. Accord-
ingly, our results provide new insights into the role of NC as a po-
tential therapeutic target to trigger the autophagic apoptosis of
ovarian cancer.
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