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Abstract: Background The main component of realgar is arsenic disulfide (As2S2). Modern medical research shows that realgar
can inhibit tumorigenesis and development of tumor by regulating cell proliferation and apoptosis. However, the lack of the
traditional realgar preparations present with lower bioavailability, which further affects the therapeutic effect. With the improvement
of new drug preparation processes, nano-androgen is increasingly used for anti-tumor drugs. Objective In order to investigate the
effect of nano-realgar on proliferation of bladder cancer cell line RT4, we performed the research. Methods Nano-realgar was
prepared by mechanical milling method. RT4 cell was used as target cell. MTT assay was used to detect the proliferation of RT4 cell
treated with nano-realgar. And western blot was used to detect the expression of apoptosis-related proteins (Bax, Caspase-3) in the
RTH4 cell treated with nano-realgar. Results Nano-realgar could significantly inhibit the proliferation of RT4 cell. After treated with 10
ug/ml, 20 ug/ml and 40 ug/ml nano-realgar for 24 h and 48 h, the proliferation inhibition rate of RT4 cell increased significantly
compared with the negative control group (P<0.05), and the expression of apoptosis-related proteins, Bad and Caspase-3, increased
significantly after treated with 20 ug/ml and 40 ug/ml nano-realgar for 48 h (P<0.05). Conclusion Nano-realgar can inhibit the
proliferation of RT4 cell, and induces the expression of Bax and Caspase-3.
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life quality of patients after operation.

The main component of realgar is arsenic disulfide
(As2S2) [5]. With the increase of clinical researches in recent
years, realgar has been accepted and recognized as a safe and
effective oral anti-hematological malignancy drug [7-9]. It
has been used as second-line chemotherapeutic drugs in the
treatment of hematological malignancies such as chronic
myeloid leukemia (CML), acute promyelocytic leukemia
(APL) and polycythemia vera (PV) in China [7-9]. In recent
years, more and more scholars have tried to use realgar in the
treatment of solid tumors, and achieved gratifying results
[10-12]. Nano-realgar improve the solubility and
bioavailability of realgar, and show stronger and broader
anti-tumor effect [13]. However, the research on effect of
realgar on bladder cancer cell is not so systematic and deep-
going. Studies have shown that Bax and Caspase-3 play an
important role in the proliferation and apoptosis of cells [14,

1. Introduction

Bladder cancer is one of the most common malignant
tumors in the urinary system, which seriously threatens
human life and health [1]. According to statistics, the number
of new bladder cancer patients worldwide is more than
300,000 every year [1]. Bladder cancer is divided into non-
muscular invasive bladder cancer (NMIBC) and muscular
invasive bladder cancer (MIBC). The main treatment of
NMIBC is mainly transurethral resection of bladder tumors
(TURBT) combined with postoperative intravesical
chemotherapy [2]. Studies have shown that the recurrence
rate of tumors after TURBT is as high as 60%-70% in 5
years, and about 25% of patients will progress to muscular
invasive bladder cancer [3, 4]. In view of the instability
efficacy of intravesical chemotherapy for bladder cancer, it is
necessary to develop more effective drug with less impact on
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15]. In order to explore the effect of nano-realgar on the
proliferation of bladder cancer cell we observed the growth
of RT4 cell treated with different concentration of nano-
realgar at different time points, and the changes of Bax and
Caspase-3 expression levels was observed as well.

2. Methods and Material

2.1. Preparation of Nano-realgar

The experiment was completed in supercritical CO, booster
tank contained with high energy ball milling module. 1-2g
realgar powder (Alfa Aesar Company) was added to the ball
mill. The agate ball mill with the ball material ratio of 4:1-16:1
(w/w) was put into the ball mill. The speed of the ball mill was
set at 20-40 Hz. CO, was added after sealing the booster tank.
The temperature in the tank was controlled to 40°C, and the
pressure was kept at 100 B. After milling for 1-12 h, the nano-
realgar powder was obtained by rapidly discharging the pressure
in the tank. The average particle size of the polished realgar
particles is less than or equal to 70 nm as a standard.

2.2. Cell Culture and Grouping

The T24 human BCC was purchased from Procell Co.,
Ltd. T24 cell was taken out from the refrigerator and melted
in water bath at 37°C for less than 1 minute. T24 cells were
cultured in RPMI-1640 medium containing 10% fetal bovine
serum (100 U/ml penicillin and 0.1 mg/l streptomycin) and
grown at 37°C and 5% CO,. The cells were subcultured
when they reached ~80% confluence.

The experiment was divided into negative control group
and nano-realgar group. In the nano-realgar group, RT4 cells
were cultured in 20 ug/ml and 40 ug/ml of nano-realgar with
RPMI-1640 medium for 24 h and 48 h.

2.3. MTT Assay for Cell Proliferation Activity

Cells in logarithmic growth phase were cultured overnight
in an incubator at 5% CO, and 37°C for 4 h after adjusting
the cell density to 5x104 cells/ml. The cells were seeded in a
96-well plate, in 100 pl cell suspension, and then cultured in
a constant temperature incubator at 5% CO, and 37°C for 4
h. After incubating at 37°C for 4 h, 150 pl DMSO was added
and shaken for 10 min. The absorbance value of the optical
density (OD) of each well at a wavelength of 568 nm was
measured with a microplate reader.

2.4. Western Blot for Analysis of Bax and Caspase-3

Western blot was used to detect the changes of apoptosis-
related proteins Bax and Caspase-3 in cells treated with
nano-realgar. First, SDS-PAGE electrophoresis was used to
isolate the proteins in the lysate of RT4 cell treated with
nano-realgar. After transmembrane, the blocking solution
was blocked at 37°C for 1 h, then the second antibody was
added and incubated overnight at 4°C. TBST was washed
three times for 10 minutes each time. The expression level
was detected by ECL chemiluminescence detection Kkit.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS 22.0
statistical software (SPSS, Inc.). Data were expressed as the
mean + standard deviation, and an ANOVA and a post hoc
test for multiple comparisons was used for comparisons
between groups. P<0.05 was considered to indicate a
statistically significant difference.

3. Results

3.1. MTT Assay to Detect the Inhibitory Effect of Different
Concentrations of Nano-realgar on the Proliferation of
RT4 Cell

MTT result showed that the proliferation inhibition rate of
nano-realgar group (10ug/ml, 20ug/ml and 40ug/ml) were
significantly higher than that of control group at 24 h and 48 h
respectively (P < 0.05), and with the increase of concentration,
the cell proliferation inhibition rate increased (P < 0.05). There
was no significant difference of cell proliferation inhibition rate
between nano-realgar group at 48 h and 24 h with the
concentration of 10ug/ml. The cell proliferation inhibition rate
of nano-realgar group at 48 h were significantly higher than that
of at 24 h with the concentration of 20ug/ml and 40ug/ml (P <
0.05) as shown in Table 1.

Table 1. Proliferation inhibition rate of different concentrations of nano-
realgar on RT4 cell (%).

time control 10ug/ml 20ug/ml 40ug/ml
24h 1.21£0.11 10.51+£2.64 15.3243.57 37.534+4.46
48h 2.57+0.34 12.314+2.31 25.87+3.46 53.43+4.98

3.2. Western Blot of Bax and Caspase-3 in Bladder Cancer
RT4 Cell Treated with Nano-realgar

Western blot results indicated that the expression of Bax and
Caspase-3 protein of RT4 cells increased significantly 48 h after
the treatment with 20ug/ml and 40ug/m of nano-reaglar compared
with negative control group (P < 0.05). And the expression levels
of Bax and Caspase-3 protein of RT4 cell treated with 40ug/m of
nano-reaglar were higher than that treated with 20ug/m of nano-
reaglar (P <0.05), as shown in Figure 1.
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Figure 1. Effect of nano-realgar on the expression of Bax and Caspase-3 in
bladder cancer RT4 cell.
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4. Discussion

Bladder cancer is a malignant tumor that seriously
threatens the safety of human life. Bladder cancer is divided
into NMIBC and MIBC. The main therapies for NMIBC are
radical cystectomy, systemic chemotherapy and radiotherapy,
while TURBT combined with postoperative intravesical
chemotherapy is the main treatment for NMIBC [1, 2]. 75-
85% of the patients are NMIBC at the first diagnosis, and the
recurrence rate of tumor in 5 years after TUR-Bt is as high as
60%-70% [3, 4]. Due to the high incidence of NMIBC and
high recurrence rate after operation, it is necessary to develop
more effective drug for the treatment of bladder cancer.

Realgar is one of the most important drugs in traditional
Chinese medicine [8, 9]. It has been wildly used to treat
carbuncle, furuncle, snake bite, wormy abdominal pain,
epilepsy, malaria and so on in China [8, 9]. Modern medical
research shows that nano-realgar can play a biological role in
inhibiting malignant tumors such as cervical cancer, gastric
cancer, liver cancer, breast cancer, osteosarcoma, glioma and
[10-12, 16-18]. Nano-realgar can inhibit cell DNA synthesis,
inhibit proliferation of cancer cells, enhance cellular
immunity and other biological [19]. In our research, the
result indicated that nano-realgar tended to be inhibitory
effective on the growth of bladder cancer cell, and the
inhibitory effect of nano-realgar on the growth of bladder
cancer cell tended to be concentration related. And the
inhibitory effect of nano-realgar tended to be time related as
well for cell proliferation inhibition rate of nano-realgar
group at 48 h were significantly higher than that of at 24 h
with the concentration of 20ug/ml and 40ug/ml.

And the expression of apoptosis related proteins increased
after treated with nano-realgar in RT4 cell. Bax is one of the
most important apoptotic gene in human. Bax belongs to the
Bcl-2 gene family [14]. The encoded Bax protein can form
heteromeric dipolymer with Bcl-2 and inhibit the production
of Bcl-2. The over expression of Bax can antagonize the
protective effect of Bcl-2 and induces the apoptosis [14]. It is
generally believed that Caspase-3 is the most important end-
shearing enzyme in the process of apoptosis, and also an
important component of cytotoxic T lymphocyte killing
mechanism [15]. Caspase-3 plays an irreplaceable role in
apoptosis [15]. In our research, western blot showed that the
protein expression of Caspase-3 and Bax increased
significantly after treatment of nano-realgar compared with
negative control group, and the expression levels of Bax and
Caspase-3 protein of RT4 cell treated with 40ug/m of nano-
reaglar were higher than that treated with 20ug/m of nano-
reaglar.

5. Conclusion

In conclusion, this study shows that nano-realgar can
induce the expression of Bax and Caspase-3 and inhibit the
proliferation of bladder cancer cell, which indicate nano-
realgar has potential therapeutic value for bladder cancer.
However, more However, more further studies on

mechanisms and animal experiments are still needed.
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