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Background: Most prostate cancer patients are already in the middle/advanced stages of the disease at the 
time of detection. Whether brucine can regulate apoptosis in prostate cancer cells through the expression of 
heat shock protein 70 (HSP70) has not been reported. We preliminarily investigated the effects of brucine on 
the mitochondrial apoptosis and HSP70 expression of prostate cancer cells and analyzed brucine’s possible 
mechanisms in the hope of providing an experimental basis for its clinical application. 
Methods: The effect of brucine on the activity of PC-3 cells was determined by the methodology of 
tetrazolium (MTT) assay method. The effect of brucine on apoptosis was measured by Hoechst 33258 
staining and flow cytometry, and western blotting was used to detect the expression levels of the apoptosis-
related heat shock protein 70 (HSP70), anti-apoptotic protease activating factor 1 (Apaf-1) and anti-cysteine 
protease-3 (caspase-3). 
Results: At 24 and 48 h, the activity of human prostate cancer PC-3 cells in the low, medium, and high 
dose brucine groups was significantly lower than that of the control group, with a dose-dependent difference 
(P<0.01). The nuclei of the control group fluoresced uniformly with intact nuclei, whereas the nuclei of the 
brucine group appeared crinkled, and dense granular masses of strong blue fluorescence were visible. The 
apoptosis rate of human prostate cancer PC-3 cells in the low, medium, and high dose brucine groups was 
significantly higher than that in the control group (P<0.01) and was dose-dependent. The expression levels 
of the HSP70 protein in the human prostate cancer PC-3 cells in the low, medium, and high dose brucine 
groups were significantly lower than those in the control group, while the expression levels of the Apaf-1 and 
caspase-3 proteins were significantly higher than those in the control group (P<0.01) and showed a dose-
dependent relationship.
Conclusions: Brucine downregulated HSP70 expression in human prostate cancer PC-3 cells and 
inhibited the mitochondrial apoptotic signaling pathway, thus acting as an anti-apoptotic agent.
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Introduction

Prostate cancer is a common malignancy of the male 
reproductive system, and its incidence is highest in some 
European countries (1). Prostate cancer has a rapid 
progression and is prone to metastasis. Most patients 
are already in the middle and advanced stages when it 
is detected, significantly affecting their physical and 
mental health (2). Currently, surgery is the primary 
clinical treatment for prostate cancer, and postoperative 
radiotherapy and chemotherapy are also essential; however, 
the side effects of radiotherapy and chemotherapy drugs 
greatly reduce patients’ quality of life. Therefore, the search 
for a new therapeutic target and drug is essential to reduce 
the development of prostate cancer and improve the quality 
of life for prostate cancer patients. Some researchers used 
modern molecular biotechnology to determine the main 
anti-tumor target of Brucine, obtained the crystal structure 
of the complex between the main active components and 
the target protein, and completed the anti-tumor activity 
test in mice. Through in vivo and in vitro activity screening, 
it was found that the alkaloids in Tibetan Baltic flower 
have good antitumor activity in vivo and in vitro. This 
not only provides experimental reference for the further 
development of brucine anti-tumor drugs, but also provides 
a new molecular template for the research and development 
of anti-tumor drugs, and lays a theoretical foundation for 
the exploration and promotion of the medicinal value of 
brucine anti-tumor drugs in the later stage.

Strychnos nux-vomica is the dried seed of the Strychnos 
plant and is effective in relieving pain, dispersing muscular 
knots, and reducing swelling. Brucine is a major active 
ingredient in strychnos nux-vomica and is considered by 
modern medicine to have analgesic, anti-inflammatory, 
central nervous system stimulating, immune boosting, and 
antitumor effects (3). In recent years, brucine has gained 
widespread attention for its antitumor properties. Previous 
studies have indicated that brucine can regulate apoptosis in 
skin cancer and breast cancer, thus acting as an antitumor 
agent (4,5). Heat shock protein 70 (HSP70) is a highly 
conserved protein shown to be involved in tumor cell 
apoptosis via the mitochondrial apoptosis pathway. Silencing 
HSP70 expression has been shown to induce apoptosis in 
prostate cancer PC-3 cells. Whether brucine can regulate 
apoptosis in prostate cancer cells through the expression of 
HSP70 is not yet known. Therefore, this study preliminarily 
investigated the effects of brucine on mitochondrial 
apoptosis and HSP70 expression in prostate cancer cells, 
and the possible mechanisms were analyzed in the hope of 

providing an experimental basis for the clinical application 
of brucine. We present the following article in accordance 
with the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-209/rc).

Methods

Cell lines

We used the human prostate cancer PC-3 cell line (bio-
72942) purchased from ATCC, USA.

Main reagents and equipment

The main reagents used in the study were brucine 
(Chengdu Manster Biotechnology Co. Ltd., China), RPMI-
1640 medium (Hyclone, USA), fetal bovine serum (FBS) 
(Zhejiang Tianhang Biotechnology Co. Ltd., China), an 
methodology of tetrazolium (MTT) cell viability assay kit 
(Nanjing Jiancheng Biotechnology Co., Ltd., China), anti-
HSP70 antibody (ab30342; Abcam, USA), anti-apoptotic 
protease activating factor 1 (Apaf-1) antibody (ab31392; 
Abcam, USA), anti-cysteine protease-3 (caspase-3) antibody 
(ab31383; Abcam, USA), and β-actin rabbit anti-polyclonal 
antibody (ab33563; Abcam, USA).

The equipment used included a CO2 cell incubator 
(Thermo Sc ient i f i c ,  Germany,  model  BB-15) ,  a 
multifunctional biological microscope (Olympus Optical 
Ltd., Japan, model OLYMPUS BX-51), a tabletop 
high-speed frozen centrifuge (Eppendorf, Germany), 
and an enzyme labeler (Thermo Scientific, Thermo 
MULTISKANFC, Germany).

Cell culture

The purchased human prostate cancer PC-3 cells were 
thawed and revived, then inoculated in the 1640 medium 
containing 10% FBS and 100 U/mL penicillin for culture. 
The CO2 cell culture incubator conditions were as follows: 
temperature 37 ℃, CO2 concentration 5%, and humidity 
95%. When the cells achieved a density of approximately 
80–90%, they were treated with 0.25% trypsin 2 mL, at a 
ratio of 1:3 for passaged culture.

MTT assay for cell viability

PC-3 cells at the logarithmic growth stage were inoculated 
into 96-well plates at a density of 1×104 cells/mL. After 
24 h of incubation in a CO2 incubator at 37 ℃, with a 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-209/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-209/rc


Yan et al. Effects of brucine for prostate cancer502

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(3):500-507 | https://dx.doi.org/10.21037/tcr-22-209

CO2 concentration of 5%, and humidity of 95%, 100 μL 
of differing brucine solution concentrations (0, 25, 50, 
and 100 μmol/L) was added to the 96-well plates with six 
replicate wells for each concentration. The concentrations 
were designated as the control group (0 μmol/L), low dose 
brucine group (25 μmol/L), medium dose brucine group  
(50 μmol/L), and high dose brucine group (100 μmol/L).  
After 24 and 48 h of incubation, MTT (10 μL at a 
concentration of 5 mg/mL) was added, and the cells were 
incubated for a further 4 hours. The supernatant was then 
discarded, and DMSO (150 μL) was added. The cell viability 
was calculated by measuring the OD (optical density) of 
each well at 490 nm by enzyme-linked immunoassay. Cell 
viability (%) was established by the following formula: OD 
of the experimental group/OD of the control group × 100%.

Hoechst 33258 staining

PC-3 cells in the logarithmic growth phase (1×104 cells/mL)  
were inoculated on treated coverslips and incubated in 
6-well plates for 24 h. Brucine was added at concentrations 
of 25, 50, and 100 μmol/L in the experimental group, and 
an equal volume of solvent DMSO was added to the control 
group. After 48 h, they were fixed with 4% formaldehyde for  
10 min, washed twice with PBS, and 0.5 mL Hoechst 33258 
staining solution was added under dry and dark conditions. 
The cells were incubated for 30 min in the dark, washed 
twice with PBS, and one drop of fluorescence quenching 
agent was added before sealing the coverslip. The cell 
apoptosis was observed under a fluorescence microscope. 

Flow cytometry assays 

Human prostate cancer PC-3 cells in the logarithmic 
growth phase were inoculated into 6-well plates, treated 
with different drugs after complete adherent growth, and 

incubated for 48 h. The cells were then digested with trypsin, 
centrifuged at 1,000 rpm for 5 min at 4 ℃, and washed 
twice with PBS. They were then resuspended in 300 μL 
of binding buffer, mixed with 10 μL Annexin V-FITC and 
incubated in the dark for 15 min. Subsequently, the cells were 
supplemented with 5 μL propidium iodide (PI), incubated 
at 4 ℃ for 5 min protected from light, then filtered using a  
200-mesh cell sieve. The apoptotic rate of each group of cells 
was then measured by flow cytometry.

Western blot detection of HSP70, Apaf-1, and caspase-3 
protein expression levels in PC-3 cells

The PC-3 cells from each group were lysed on ice with 
protein lysis solution and protease inhibitor and centrifuged at  
12,000 r/min for 20 min at 4 ℃. The supernatant was removed, 
and the protein content was quantified using a BCA kit. The 
protein samples (40 μg) were then separated on a 10% SDS-
PAGE gel and transferred to polyvinylidene difluoride (PVDF) 
membranes, blocked at room temperature for 2 h with 5% 
skimmed milk powder and incubated overnight at 4 ℃ with 
the primary antibodies HSP70, Apaf-1, caspase-3, and β-actin. 
The membranes were subsequently washed with TBS-T 
and incubated with goat anti-rabbit IgG secondary antibody. 
Protein bands were detected by enhanced chemiluminescence 
reagents, and the protein expression ratios were analyzed.

Statistical analysis

SPSS 22.0 software was used for all statistical analyses. The 
measurement data were described by the mean and standard 
deviation (x±s), and one-way analysis of variance (ANOVA) 
and t-tests were used for the between-group comparisons. A 
P value <0.05 was considered to be statistically significant.

Results

Effect of brucine on the activity of PC-3 cells

As shown in Table 1, at 24 and 48 h, PC-3 cell activity 
was significantly lower in the low, medium, and high dose 
brucine groups than in the control group (P<0.01) and 
decreased with an increased dose.

Effect of brucine on nuclear morphology and apoptosis of 
PC-3 cells

Hoechst is a specific class of DNA dye that, under normal 
conditions, can pass through the cell membrane in small 

Table 1 Effect of different concentrations of brucine on the survival 
rate of human prostate cancer PC-3 cells (x±s, %)

Groups 24 h 48 h

Control group 98.24±2.23 98.41±1.73

Brucine low dose group 91.13±4.81** 90.13±6.35**
#

Brucine medium dose group 88.23±4.39** 81.27±5.72**
##

Brucine high dose group 84.23±8.17** 71.23±4.34**
##

**P<0.01 compared to control. #P<0.05 and ##P<0.05 for each 
group compared to control at 24 h.
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amounts. When bound to DNA, the Hoechst stain gives the 
nucleus a diffuse and uniform low blue fluorescence. When 
apoptosis occurs, the permeability of the cell membrane 
increases, allowing more dye to pass through, and when 

bound to DNA, the Hoescht stain gives the nucleus a 
deeper blue fluorescence. In this study, the nuclei of the 
control group fluoresced uniformly with intact nuclei. The 
nuclei of the brucine groups appeared crinkled, and dense 
granular blocks of strong blue fluorescence were visible 
(Figure 1).

Effect of brucine on the apoptosis of PC-3 cells

The apoptosis rate of PC-3 cells in the low, medium, and 
high dose brucine groups was significantly higher than that 
in the control group, and the difference was significant 
(P<0.01). The apoptosis rate of the PC-3 cells increased 
significantly with an increased dose, showing a dose-
dependent effect (Table 2 and Figure 2).

A B

C D

Figure 1 Hoechst staining results of PC-3 cells after brucine treatment. (A) Control group; (B) brucine low dose group; (C) brucine medium 
dose group; (D) brucine high dose group. Arrows indicate apoptotic cells with a ×40 magnification.

Table 2 Comparison of the apoptosis rate of PC-3 cells in each 
group (x±s, %)

Groups Apoptosis rate

Control group 7.33±1.27

Brucine low dose group 15.33±2.49**

Brucine medium dose group 23.25±2.21**

Brucine high dose group 31.71±3.43**

**P<0.01 compared to control group.
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Effect of brucine on the expression of HSP70, Apaf-1, and 
caspase-3 proteins in PC-3 cells

The expression level of HSP70 protein in PC-3 cells in the 
low, medium, and high dose brucine groups was significantly 
lower than that in the control group (P<0.01). With the 
increase of dose, the expression of HSP70 protein in the 
PC-3 cells decreased significantly in a dose-dependent 
manner. Apaf-1 and caspase-3 protein expression levels in 
the PC-3 cells in the low, medium, and high dose brucine 
groups were significantly higher than those in the control 
group (P<0.01). With the increase of dose, the Apaf-1  
and caspase-3 protein expression levels in the PC-3 cells 
increased significantly in a dose-dependent manner (Table 3 
and Figure 3).

Discussion

The pathogenesis of prostate cancer is complex, and it 
may be related to a variety of factors, including genetics, 
endocrinology, environmental degradation, and race (6). 
More recently, the incidence of prostate cancer in China 
has been rising yearly due to the environmental and dietary 
changes associated with an accelerated pace of life, and 
prostate cancer is being diagnosed at a younger age (7). The 
development and exploration of an efficient and low-toxic 
drug to prevent and treat prostate cancer has been the focus 
of domestic and international research. Brucine, the main 
alkaloid monomer of strychnos nux-vomica, has low toxicity 
and has gained widespread interest in recent years in 
inhibiting tumor cell proliferation and inducing apoptosis in 

Annexinv-FITC (GRN-B-HLog) Annexinv-FITC (GRN-B-HLog)

Annexinv-FITC (GRN-B-HLog) Annexinv-FITC (GRN-B-HLog)

Plot P02, gated on P01.R1 Plot P02, gated on P01.R1

Plot P02, gated on P01.R1 Plot P02, gated on P01.R1

102 102

102
102

102 102

102

102

100 100

100
100

100 100

100
100

103 103

103
103

103 103

103

103

101 101

101
101

101 101

101
101

104 104

104
104

104 104

104

104

P
I (

Y
E

L-
B

-H
Lo

g)

P
I (

Y
E

L-
B

-H
Lo

g)

P
I (

Y
E

L-
B

-H
Lo

g)

P
I (

Y
E

L-
B

-H
Lo

g)

8.37%

4.92%
5.20%

6.86%

79.57%

67.62%

67.62%

55.60%

4.49%

6.25% 8.43%

10.46%

7.56%

21.21%

15.06%

30.77%

A B

C D

Figure 2 The apoptosis rate of PC-3 cells in each group by flow cytometry. (A) Control group; (B) brucine low dose group; (C) brucine 
medium dose group; (D) brucine high dose group.
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tumor cells (8). The results of this study showed that at 24 
and 48 h, the activity of PC-3 cells in the low, medium, and 
high dose brucine groups was significantly lower than that 
of the control group (P<0.01). The apoptosis rate of PC-3 
cells in the low, medium, and high dose brucine groups was 
significantly higher than that in the control group (P<0.01). 
It is suggested that brucine can reduce the activity of PC-3 
cells and induce their apoptosis, and that brucine may 
present a significant prospect for the treatment of prostate 
cancer. 

Apoptosis is an important aspect associated with the 
development of prostate cancer, and the induction of 
apoptosis is currently one of the main clinical defenses 
against the disease. However, the mechanisms underlying 

tumor cell apoptosis are complex. The death receptor 
signaling pathway and mitochondrial signaling pathway 
are considered to be the two major transduction pathways 
regulating tumor cell apoptosis. Among them, the 
mitochondrial signaling pathway was proposed in the 
1990s and plays a decisive role in the apoptosis of tumor 
cells. When tumor cells are stimulated by radiation, 
chemotherapy, or drugs, the mitochondrial membrane 
potential decreases, and the permeability transition pore 
opens, which induces the release of relevant apoptosis 
initiators, such as caspase-3 and Apaf-1. When the 
mitochondrial membrane potential is completely lost, 
apoptosis is irreversible (9). Heat shock proteins (HSPs) 
have also been found to have a close relationship with 
the mitochondrial pathway in a study of mitochondrial 
transduction signaling (10). As a highly conserved protein, 
overexpression of HSP70 prevents the hydrogen peroxide-
induced reduction in mitochondrial permeability and 
improves mitochondrial swelling, thus exerting an anti-
apoptotic effect (11). Furthermore, it prevents the release 
of cytochrome C from mitochondria produced by heat 
or hydrogen peroxide-stimulation and binds directly to 
the caspase recruitment domain of Apaf-1, inhibiting the 
activation of some apoptotic protease factors (12). A study 
has also confirmed that HSP70 shows a high expression in 
colon, prostate, and breast cancers, and as an anti-apoptotic 
protein its levels are associated with tumor proliferation 
and clinical typing (13). Silencing the high expression of 
HSP70 induces apoptosis in human prostate cancer PC-3 
cells. The results of this study showed that the expression 
level of the HSP70 protein in human prostate cancer 
PC-3 cells was significantly lower in the low, medium, and 
high dose brucine groups than in the control group. This 
indicates that brucine inhibited the expression of HSP70 
and promoted the apoptosis of tumor cells.

Apaf-1 and caspase-3 are two essential pro-apoptotic 
proteins in the mitochondrial apoptosis pathway. In 
vertebrates, one of the main mechanisms of cellular 
caspase activation requires the release of cytochrome C 
from mitochondria and its interaction with Apaf-1. When 
Apaf-1 binds to cytochrome C, it further initiates the 
oligomerization of Apaf-1 and activates caspase-3 (14). In 
a previous study, HSP70 was found to bind to the amino-
terminal cysteine protease recruitment domain of Apaf-1 
to generate an apoptotic vesicle, which blocks the caspase-
dependent apoptotic pathway and thus promotes cell 
proliferation (15). The results of this study showed that 
the expression levels of Apaf-1 and caspase-3 in PC-3 cells 

Table 3 Comparison of HSP70, Apaf-1, and caspase-3 protein 
expression levels in PC-3 cells in each group (x±s)

Groups HSP70 Apaf-1 caspase-3

Control group 1.62±0.51 0.46±0.11 0.37±0.12

Brucine low dose group 1.33±0.43** 1.24±0.24** 0.88±0.17**

Brucine medium dose 
group

0.99±0.41** 1.87±0.31** 1.35±0.24**

Brucine high dose 
group

0.51±0.13** 2.24±0.47** 1.67±0.28**

**P<0.01 compared to control group; HSP70, heat shock 
protein 70; Apaf-1, anti-apoptotic protease activating factor 1; 
caspase-3, anti-cysteine protease-3.
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Figure 3 Comparison of HSP70, Apaf-1, and caspase-3 protein 
expression levels in PC-3 cells in each group. HSP70, heat shock 
protein 70; Apaf-1, anti-apoptotic protease activating factor 1; 
caspase-3, anti-cysteine protease-3.
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in the low, medium, and high dose brucine groups were 
significantly higher than those in the control group. Taken 
together, the results suggest that brucine inhibited the 
expression of HSP70 and prevented the production of the 
Apaf-1/HSP70 complex, thus promoting the expression of 
Apaf-1, which also further activated caspase-3 and induced 
the apoptosis of PC-3 cells. The molecular mechanisms 
of brucine inhibiting tumor include regulating the process 
of cell cycle, promoting apoptosis, inhibiting the ability 
of tumor invasion and metastasis, inducing autophagy, 
reversing multidrug resistance and regulating the metabolic 
level of tumor cells Through the exploration of the action 
mechanism of brucine and further research on this basis, we 
can constantly reveal the signal network and gene regulation 
sites involved in Brucine, so as to find more accurate tumor 
treatment targets, and provide beneficial enlightenment 
for the research and development of new drugs and clinical 
application of tumors

Conclusions

In summary, brucine downregulated HSP70 expression 
in human prostate cancer PC-3 cells and inhibited the 
mitochondrial apoptotic signaling pathway, thus exerting an 
anti-apoptotic effect. Brucine provides a novel perspective 
and potential target for the prevention and treatment of 
prostate cancer.

Limitation

This study lacked vivo research, which was more conducive 
to support the conclusion of our paper. Moreover, we did 
not study the lncRNA or miRNA that can regulate the 
brucine. 
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