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Abstract

Aims The aim of this study was to investigate the anti-tumor efficacy of brucine on intrahepatic
cholangiocarcinoma (ICC).

Methods ICC QBC939 cells were treated with brucine, cell viability, cell cycle and apoptosis were
analyzed using CCK-8 and flow cytometry. The expression of COX-2 and apoptosis related proteins
Casp3, Bax and Bcl-2 were detected by Western blot analysis. QBC939 cells were subcutaneously
transplanted into nude mice and the mice were injected with brucine intraperitoneally. The expression of
Ki67, COX-2 and apoptosis related proteins were detected by immunohistochemical staining and
Western blot analysis.

Results Brucine significantly inhibited the proliferation and cell cycle progression while promoted the
apoptosis of QBC939 cells. The expression of the apoptotic proteins Casp3 and Bax was upregulated,
while the expression of Bcl-2 and COX-2 was downregulated in QBC939 cells with brucine treatment.
Moreover, the overexpression of COX-2 could antagonize the effects of brucine on QBC939 cells. In
vivo, brucine inhibited subcutaneous tumor formation in nude mice, and the expression of Ki67, COX-2
and Bcl-2 decreased while the expression of Casp3 and Bax increased in tumor tissues from nude mice
with brucine treatment.

Conclusions Brucine can significantly inhibit the progression of cholangiocarcinoma in vitro and in vivo,
and the mechanism may be related to the inhibition of COX-2 expression.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) accounts
for about 10-15% of all liver malignancies, and is the
second common liver malignancies arising from
intrahepatic bile ducts epithelial cells [1]. Based on the
anatomic localization, cholangiocarcinoma can be
divided into perihilar cholangiocarcinoma, distal
cholangiocarcinoma and ICC. Major risk factors, such
as primary sclerosing cholangitis, hepatobiliary
flukes, biliary cirrhosis, and Caroli’s disease, are

associated with ICC development. Despite
remarkable progress in the diagnosis of ICC, patients
with ICC still have a dismal prognosis [2]. The 3- and
5-year overall survival rates and recurrence rates for
ICC patients are 30% and 18%, 35% and 70%,
respectively. As the lethal cancer type, treatment
strategies remain unsatisfactory. Patients are often
diagnosed at late stages due to asymptomatic nature
of ICC and not amenable to surgical resection which is
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the most usually used approach for a cure [3].
Therefore, understanding molecular mechanisms of
ICC has been of momentous interest to promote early
diagnosis and treatment of ICC.

Brucine is identified in the seeds of Strychnos
nux-vomica and has been used as an anti-
inflammatory drug for arthritis and pesticide in terms
of its neurotoxicity [4]. In recent years, multiple
studies have shown that brucine exhibits antitumor
effect in numerous cancers [5-7]. However, the
antitumor efficacy of brucine on ICC remains
unknown. This study aimed to evaluate the efficacy of
brucine on ICC using both in vitro and in vivo models,
and investigate the underlying mechanism.

Materials and Methods

Cell culture

The human cholangiocarcinoma cell line QBC939
was obtained from Qingqi Biotechnology Develop-
ment Co., Ltd (Shanghai, China). Cells were
maintained in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS) and
1% penicillin and streptomycin and cultured at 37°C
with 5% CO> in an incubator. Brucine (Y0001196) was
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell transfection

Human cDNAs for Cox-2 were cloned into
pcDNA 3.1 to generate pcDNA/Cox-2, followed by
sequencing. QBC939 cells were transfected with
pcDNA 3.1 control or pcDNA 3.1/Cox-2 using
Lipofectamine 3000 (ThermoFisher Scientific, San
Jose, USA).

Cell proliferation assay

Cell proliferation was evaluated by using CCK-8
detection kit (CK04, Dojindo, Japan). About 20,000
cells were seeded into each well of 96-well plates, and
then treated with different concentrations (5, 10, 20 p
M) of brucine and 100 pg/mL diclofenac sodium.
Then 10 pl CCK-8 reagent was added into each well
and incubated at 37°C with 5% CO; for 4 hours. The
absorbance at 450 nm was measured by a microplate
reader.

Flow cytometry

For apoptosis analysis, cells were collected and
stained by Annexin V-FITC apoptosis detection kit
(556547, BD-Biosciences, San Jose, CA, USA), and then
detected on a flow cytometer and analyzed using
ModFit LT v.3.0 software. For cell cycling analysis,
cells were collected and fixed in 75% ethanol at 4 °C
overnight, and treated with RNase A, followed by
staining with propidium iodide (PI). The DNA
contents in different groups of cells were

characterized by a flow cytometer and analyzed using
ModFit LT v.3.0 software.

Western blot detection

Total proteins were extracted from the cells and
tumor tissues by using RIPA lysis buffer containing
protease inhibitor. Proteins were separated using
SDS-PAGE gels and transferred into PVDF
membrane. The membrane was blocked using 5%
free-fat milk with 0.1% Tween 20 and incubated with
primary antibodies including anti-Caspase 3 (#9662,
1:1,000), anti-Bax (#41162, 1:1,000), anti-Bcl2 (#4223,
1:1,000), anti-COX-2 (#4842, 1:1,000), anti-GAPDH
(#2118, 1:1,000) (all from Cell Signaling, Cambridge,
MA, USA) overnight. Subsequently, the membrane
was incubated by horseradish peroxidase (HRP)-
conjugated secondary antibodies (#7074, 1:1,000).and
visualized using ECL image system.

Animals

All  animal experimental protocols were
approved by Institute Ethics Committee. Specific
pathogen-free (SPF) nude mice (6-8 weeks old) were
purchased from Hunan Slake Jingda Experimental
Animal Co., Ltd, and divided into control group and
brucine group. QBC939 cells were seeded into right
armpit at a density of 2x10¢ cells per nude mice. As
the xenograft tumor volume reached 100 mm3,
brucine was injected into the abdominal cavity of
nude mice in the brucine group every day for 10 days.
Tumor size and body weight were record every day.
At the end of the experiment, xenograft tumors were
isolated from nude mice for further analysis.

Immunohistochemical (IHC)

Xenograft tumors of nude mice were fixed with
4% paraformaldehyde, embed in paraffin, and cut into
4-pm slides. After dewaxing and hydration of the
slides, endogenous peroxidase was blocked with
H>O,. After retrieving antigen in 10 mmol/L sodium
citrate (pH 6.0), non-specific reactions were blocked
by 5% bovine serum. Subsequently, the slides were
incubated with primary Ki-67 antibody (#34330,
1:1,000) and secondary antibodies (#7074, 1:1,000),
stained with diaminobenzidine (DAB) and
counterstained with hematoxylin.

Statistical analysis

Statistical analysis was performed with SPSS19.0
software. The results shown were the means +
standard deviation (SD). The ANOVA and Student’s t
test were used for the comparisons. All tests were two
tailed, and p<0.05 was considered statistically
significant.
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Results

Brucine inhibited the viability of QBC939 cells

Fig. 1A showed the morphology of Semen
Strychni, and one main component is brucine
(structure shown in Fig. 1B). CCKS8 assay showed that
brucine inhibited the viability of QBC939 cells in dose
and time dependent manner (Fig. 1C).

Brucine promoted apoptosis and inhibited cell
cycle progression of QBC939 cells

Flow cytometry analysis showed that brucine
treatment increased the number of apoptotic QBC939
cells in a dose dependent manner (Fig. 2A, B), and
increased the number of QBC939 cells at GO/ G1 phase
(Fig. 2C, D). For the follow-up test, we chose
concentration of 10 pM brucine to treat cells for 24 h.

Brucine promoted apoptosis of QBC939 cells
by inhibiting COX-2

To assess the mechanism by which brucine
promotes cell apoptosis, we used 10 pM brucine to
treat QBC939 cells and/or overexpressed COX-2 and
detected the expression of apoptosis related proteins
and COX-2 (Fig. 3A). Densiometric analysis showed
that brucine inhibited the expression of COX-2
significantly and it was rescued by the overexpression
of COX-2 (Fig. 3B). Moreover, brucine increased the
expression of caspase 3 and Bax significantly and it
was blocked by the overexpression of COX-2 (Fig. 3C,
D). Conversely, brucine decreased the expression of
Bcl2 significantly and it was rescued by the
overexpression of COX-2 (Fig. 3E).

Absorbance at450 nm O

Brucine

Semen Strychni

150+

50

Notably, all these changes of protein expression
were consistent with the changes of the viability and
apoptosis in QBC939 cells (Fig. 3F, G). These results
suggest that brucine promotes the apoptosis and
inhibits the proliferation of cholangiocarcinoma cells
by inhibiting COX-2.

Brucine inhibited cholangiocarcinoma cell
growth in nude mice

To confirm anti-tumor efficacy of brucine in vivo,
we subcutaneously injected QBC939 cells into nude
mice to establish in vivo tumor model. After treatment
with brucine, tumor growth decreased significantly in
a time dependent manner (Fig. 4A). Immuno-
histochemical analysis of the dissected tumor tissues
showed that Ki-67 staining was significantly weaker
after treatment with brucine compared to control
group (Fig. 4B, C). In addition, Western blot analysis
of the expression levels of COX-2 and apoptosis-
related proteins showed that compared with the
control group, the expression of Caspase3 and Bax
increased and the expression of COX-2 and Bcl2
decreased in mice treated with brucine (Fig. 4D, E).

Discussion

ICC is one of the primary liver cancers and has
highly malignant tumor characteristic. Surgical
resection is the most common choice to cure ICC
patients in early stages. However, the experience with
surgical treatment in ICC is unsatisfactory because of
distant metastasis and poor prognosis [8,9]. Therefore,
the exploration of new therapies is important to
improve the prognosis of ICC patients.
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Fig. 1. Brucine inhibited the viability of QBC939 cells. A. The morphology of Semen Strychni. B. The structure of brucine. C. CCK8 assay of the viability of QBC939 cells

treated by brucine. C. Data were expressed as mean  SD (n=3). *P <0.05.
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Fig. 2. Brucine promoted apoptosis and inhibited cell cycle progression of QBC939 cells. A-D. Flow cytometry analysis of apoptotic QBC939 cells. E. Quantitative
analysis of apoptotic QBC939 cells in each group. F-l. Flow cytometry analysis of cell cycle of QBC939 cells. J. Quantitative analysis of QBC939 cells in GO/G1 phase in each
group. Data were expressed as mean * SD (n=3). *P <0.05.

Brucine is an alkaloid with bitter taste and high  and analgesic drug. Recent studies have shown that
toxicity, and it is derived from the seeds of Strychnos  brucine exerted anti-tumor effects in several cancers
nux-vomica and usually used as anti-inflammatory by different mechanisms. Shu et al. showed that
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brucine inhibited hepatocellular carcinoma cell
migration and metastasis by regulating hypoxia
inducible factor 1 pathway [10]. For prostate cancer,
brucine could inhibit the proliferation of PC-3 cells by
inhibiting HSP70 expression and the mitochondrial
apoptotic signaling pathway [7]. In addition, brucine
could suppress colon cancer via the regulation of
Wnt/ -catenin and KDR signaling pathways [11,12].
Furthermore, recent studies have shown that brucine
could regulate ferroptosis and autophagy and could
be used for cancer immunotherapy with minimal
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toxicity [13-15]. Therefore, in this study we aimed to
explore the benefits of brucine as a novel agent for
cholangiocarcinoma therapy. Our results showed that
brucine inhibited the viability of QBC939 cells in a
dose- and time- dependent manner. In addition, the
apoptosis rate of QBC939 cells significantly increased,
and cells were blocked at GO/G1l phase after
treatment with brucine in a dose- dependent manner.
These results indicate that brucine could inhibit the
proliferation and promote the apoptosis of ICC cells.
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Fig. 3. Brucine promoted apoptosis of QBC939 cells by inhibiting COX-2. A. Western blot analysis of the expression of COX-2 and apoptosis related proteins in
QBC939 cells in each treatment group. GAPDH was loading control. B. Densiometric analysis of COX-2 levels in QBC939 cells in each treatment group. C. Densiometric
analysis of caspase-3 levels in QBC939 cells in each treatment group. D. Densiometric analysis of Bax levels in QBC939 cells in each treatment group. E. Densiometric analysis
of Bcl2 levels in QBC939 cells in each treatment group. F. CCK8 assay of the viability of QBC939 cells in each treatment group. G. Flow cytometry analysis of apoptotic QBC939

cells in each treatment group. Data were expressed as mean * SD (n=3). *P <0.05.
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Fig. 4. Brucine inhibited cholangiocarcinoma cell growth in nude mice. A. QBC939 cells were subcutaneously injected into nude mice After treatment with brucine for
the indicated time, tumor volume was measured. B. Inmunohistochemical staining of Ki-67 in dissected tumor tissues treated with brucine compared to control group. C.
Quantitative analysis of QBC939 cells positive for Ki-67 staining in tissues treated with brucine compared to control group. D. Western blot analysis of the expression of COX-2
and apoptosis related proteins in tissues treated with brucine compared to control group. GAPDH was loading control. E. Densiometric analysis of COX-2, caspase -3, Bax and
Bcl2 levels in tissues treated with brucine compared to control group. Data were expressed as mean  SD (n=3). *P <0.05.

COX-2, an enzyme which could convert
arachidonic acid into prostaglandins, plays important
role in inflammation and cancer. COX-2 derived
prostaglandin at chronic inflammatory diseases may
lead to cancer [16]. Multiple signaling pathways are
activated by  COX-2-induced  synthesis  of
prostaglandins in cancer cells, including apoptosis
pathway [17-20]. High COX-2 expression is detected
in a variety of cancers, and is closely related to the
characteristics of malignant tumor features and poor
prognosis [21]. COX-2 could regulate p53 activity and
inhibit DNA damage-induced apoptosis [22]. There-
fore, we postulate that COX-2 may regulate the
expression of apoptosis related proteins in
cholangiocarcinoma cells via p53 pathway [23].
Further studies are needed to explore this possibility.

Therefore, COX2 inhibitors are promising drugs
for cancer therapy [24]. In this study, we found that
brucine can inhibit the expression of COX-2, and
regulate the expression of apoptosis related proteins
both in QBC939 cell model and in xenograft mouse
model. Interestingly, overexpression of COX-2 in
QBC939 cells with brucine treatment could reverse the
anti-tumor activity of brucine. Therefore, we

speculate that brucine exerts an anti-tumor effect on
cholangiocarcinoma by inhibiting the expression of
COX-2. However, we need use other cholangio-
carcinoma cell lines to confirm our conclusion in
future studies.

Given the important role of COX-2 in cancer
development, COX-2 inhibitors have been developed
as novel agents for cancer treatment. However,
prolonged use of COX-2 inhibitors could cause
life-threatening cardiovascular side effects [25].
Recently, nature-derived COX-2 inhibitors emerge as
new leads for developing COX-2 inhibitors with less
side effects [26]. In this aspect, brucine as a natural
alkaloid derived from the seeds of Strychnos
nux-vomica could be exploited as a novel COX-2
inhibitor for cancer therapy. In conclusion, using both
in vitro and in vivo models we demonstrate that
brucine can significantly inhibit the progression of
cholangiocarcinoma, and the mechanism may be
related to the inhibition of COX-2 expression.

Acknowledgements

Supported by the grants from the Natural
Science Foundation of China (No. 82103173), the

https://lwww.jcancer.org



Journal of Cancer 2023, Vol. 14

2706

Applied Fundamental Research Joint Project of the
Science & Technology Department of Yunnan
Province and Kunming Medical University (No.
202001AY070001-147,  202001AY070001-059, and
202301AY070001-235), the Young and Mid-aged
Academic and Technical Leader Reserve Talent
Project of Yunnan Province (No. 202205AC160063).

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Zhangs, Sun K, Zheng R, et al. Cancer incidence and mortality in China, 2015.
J Natl Cancer Cent 2021; 1: 2-11.

2. Kim KB, Ahn JH, Kwon SW, et al. Tumor budding as a predictor of
disease-free survival in patients with cholangiocarcinoma. Pathol Oncol Res.
2023;29:1611216.

3. YangY, Zhang X. An overview of extrahepatic cholangiocarcinoma: from here
to where? Front Oncol. 2023;13:1171098

4. Lu L, Huang R, Wu Y, et al. Brucine: A Review of Phytochemistry,
Pharmacology, and Toxicology. Front Pharmacol. 2020;11:377.

5. Seshadri VD. Brucine promotes apoptosis in cervical cancer cells (ME-180) via
suppression of inflaimmation and cell proliferation by regulating
PI3K/AKT/mTOR signaling pathway. Environ Toxicol. 2021;36:1841-7.

6. LiuQ, Wang Q, Lv C, et al. Brucine inhibits proliferation of glioblastoma cells
by targeting the G-quadruplexes in the c-Myb promoter. ] Cancer.
2021;12:1990-9.

7. Huang M, Liu C, Shao Y, et al. Anti-tumor pharmacology of natural products
targeting mitosis. Cancer Biol Med. 2022; 19: 774-801.

8. LiJ, Li H, Zeng H, et al. Trends in high-risk rates and screening rates for the
population-based cancer screening program on esophageal, stomach and liver
cancer in China, 2010-2016. ] Natl Cancer Cent 2021;1: 101-7.

9. Chen Y, Huang L, Wei Z, et al. Development and Validation of a Nomogram
Model to Predict the Prognosis of Intrahepatic Cholangiocarcinoma.
Oncologie. 2022;24:329-40.

10. Shu G, Mi X, Cai J, et al. Brucine, an alkaloid from seeds of Strychnos
nux-vomica Linn., represses hepatocellular carcinoma cell migration and
metastasis: the role of hypoxia inducible factor 1 pathway. Toxicol Lett.
2013;222:91-101.

11. Ren H, Zhao J, Fan D, et al. Alkaloids from nux vomica suppresses colon
cancer cell growth through Wnt/ -catenin signaling pathway. Phytother Res.
2019;33:1570-8.

12. Luo W, Wang X, Zheng L, et al. Brucine suppresses colon cancer cells growth
via mediating KDR signalling pathway. ] Cell Mol Med. 2013;17:1316-24.

13. Xu MR, Wei PF, Suo MZ, et al. Brucine Suppresses Vasculogenic Mimicry in
Human Triple-Negative Breast Cancer Cell Line MDA-MB-231. Biomed Res
Int. 2019;2019:6543230.

14. LuS, Wang XZ, He C, et al. ATF3 contributes to brucine-triggered glioma cell
ferroptosis via promotion of hydrogen peroxide and iron. Acta Pharmacol Sin.
2021;42:1690-1702.

15. Ishimwe N, Wei P, Wang M, et al. Autophagy Impairment through Lysosome
Dysfunction by Brucine Induces Immunogenic Cell Death (ICD). Am J Chin
Med. 2020;48:1915-40.

16. Mohsin NUA, Aslam S, Ahmad M, et al. Cyclooxygenase-2 (COX-2) as a
Target of Anticancer Agents: A Review of Novel Synthesized Scaffolds
Having Anticancer and COX-2 Inhibitory Potentialities. Pharmaceuticals
(Basel). 2022;15:1471.

17. Baladehi R-F, Memar M-Y, Sales A-J, et al. The Effect of Oncogene Proteins of
Human Papillomaviruses on Apoptosis Pathways in Prostate Cancer.
Oncologie. 2022;24:227-45.

18. Chen H, Su ], Chen D, et al. L-Selenocystine induce HepG2 cells apoptosis
through ROS-mediated signaling pathways. Biocell. 2022;46:2267-73.

19. Chen C, Guan J, Gu X, et al. Prostaglandin E2 and Receptors: Insight Into
Tumorigenesis, Tumor Progression, and Treatment of Hepatocellular
Carcinoma. Front Cell Dev Biol. 2022;10:834859.

20. Zhu X, Ye M, Fang K, et al. Magnesium Demethylcantharidate induces
apoptosis in hepatocellular carcinoma cells via ER stress. Biocell.
2022;46:2595-2600.

21. Sahu A, Raza K, Pradhan D, et al. Cyclooxygenase-2 as a therapeutic target
against human breast cancer: A comprehensive review. WIREs Mech Dis.
2023;15:21596.

22, Choi EM, Heo JI, Oh JY, et al. COX-2 regulates p53 activity and inhibits DNA
damage-induced apoptosis. Biochem Biophys Res Commun. 2005;328:1107-12.

23. Zhang Z, Ye C, Liu J, et al. JaponiconeA induces apoptosis of
bortezomib-sensitive and -resistant myeloma cells in vitro and in vivo by
targeting IKK. Cancer Biol Med. 2021; 19: 651-68.

24. Pu D, Yin L, Huang L, et al. Cyclooxygenase-2 Inhibitor: A Potential
Combination Strategy With Immunotherapy in Cancer. Front Oncol.
2021;11:637504.

25. LiS, Jiang M, Wang L, et al. Combined chemotherapy with cyclooxygenase-2
(COX-2) inhibitors in treating human cancers: Recent advancement. Biomed
Pharmacother. 2020;129:110389.

26. Mahboubi-Rabbani M, Abbasi M, Zarghi A. Natural-Derived COX-2 Inhibitors
as Anticancer Drugs: A Review of their Structural Diversity and Mechanism of
Action. Anticancer Agents Med Chem. 2023,23:15-36.

https://lwww.jcancer.org



