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Abstract
Background: The proto-oncogene c-Myb plays an important role in the proliferation of cells and its
upregulation affects the development of glioblastomas. G-quadruplexes are secondary structures of DNA
or RNA that usually form in the promoter region of oncogenes, including c-Myb, and regulate the
expression of these genes. The traditional Chinese medicine brucine is a ligand of G-quadruplexes
located in the promoter region of c-Myb. In this study, the U87 cell line was used both in vitro and in vivo
to investigate the therapeutic effect and mechanism of action of brucine.

Methods: MTT assay and �ow cytometry were used to determine the effect of brucine on the cell cycle,
viability, and apoptosis of U87 cells. The effects of brucine on transcription and expression of c-Myb were
determined through RT-PCR and western blotting. Dual-luciferase reporter assay and electrospray
ionization-mass spectrometry were used to investigate whether brucine acts directly and binds G-
quadruplexes in the promoter region of c-Myb, respectively.

Results: The results showed that brucine suppressed the growth of U87 cells in vitro by arresting the cell
cycle and reducing the expression of c-Myb. Through the dual luciferase reporter assay, brucine was
found to inhibit the expression of c-Myb by targeting the guanine-rich sequence that forms G-
quadruplexes in the c-Myb promoter. Moreover, U87 tumors were suppressed by brucine in a tumor
xenograft nude mice model.

Conclusion: The �ndings of the study indicate that brucine is a potentially effective medicine for
treatment of glioblastomas.

Background
Although cerebral tumors account for only approximately 2% of all cancers, the morbidity and mortality
contributed by these cancers are relatively high (1). Glioma is the most prevalent brain tumor and a major
malignancy of the central nerve system in adults (2). Glioblastoma is one of the most deadly and
aggressive types of gliomas with a World Health Organization grade of IV (3). Currently, tumor resection
followed by radiotherapy and chemotherapy, typically temozolomide, is a common approach for
managing patients with glioblastoma (4). However, reports have shown that the 2-year survival rate
achieved by this therapeutic strategy is only 26.5%, with a median survival of 14.6 months (5). As it is one
of the tumors most resistant to radiation and cytotoxic chemotherapy, patients with glioblastoma have a
poor prognosis (6). Thus, effective targets and more practical treatments for glioblastoma are needed.
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C-Myb is a proto-oncogene that encodes an important transcription factor relevant to the proliferation and
differentiation of cells (7). This gene was �rst discovered as the mammalian cellular homolog of v-
myb(8). Further studies have shown that this gene is highly expressed in many cancers, including
colorectal tumors, T-cell leukemia, and most estrogen receptor-positive breast tumors(9). In addition, the
ampli�cation and upregulation of c-Myb have been observed in several glioblastoma cell lines(10). Genes
activated downstream of c-Myb, such as Bcl-2, indicate that c-Myb function is associated with cellular
survival(11). Furthermore, interactions between c-Myb and cyclin-D1 indicate that c-Myb is involved in the
regulation of the cell cycle(12). Therefore, c-Myb may be a therapeutic target for glioblastomas.

Polynucleotide secondary structures, known as G-quadruplexes, are composed of several guanine tetrads
that form layers through π-π stacking. G-quadruplexes can form rapidly under the appropriate
physiological conditions and interact with speci�c proteins that have either a stabilizing or unfolding
function(13). Many G-quadruplexes are located in guanine-rich RNA or DNA sequences, particularly in the
promoter regions of oncogenes such as c-Myc(14). Approximately half of human genes have G-
quadruplexes near their promoters(15). However, G-quadruplexes are not evenly distributed. In fact, G-
quadruplexes are more prevalent in proto-oncogenes than in tumor suppressor genes(16). This interesting
bias suggests that G-quadruplexes are important for regulating genetic expression, particularly that of
proto-oncogenes. Studies of the function of G-quadruplexes in the metabolism of genetic information
discovered in the past decade have shown the potential of G-quadruplexes to serve as regulators of
genetic expression and therapeutic targets for speci�c cancers(17). For instance, c-Myb G-quadruplex
structures negatively regulate the expression of the gene(18), suggesting that stabilization of these G-
quadruplexes can lead to suppression of c-Myb transcription. Some small molecules that can interact
with G-quadruplexes are expected to stabilize these DNA structures(19). According to a study by Huihui
and colleagues, brucine may be a stabilizing ligand of G-quadruplexes in the promoter region of c-
Myb(20). Therefore, the traditional Chinese medicine brucine may act as an effective suppressor of c-Myb
by binding to the G-quadruplexes located in its promoter. In this study, we determined the anti-tumor
effect and mechanism of action of brucine on a glioblastoma cell line.

Methods
Reagents and chemicals

Brucine was purchased from APExBIO (Boston, MA, USA). Antibodies were purchased from Abcam
(Cambridge, UK). All other chemicals were purchased from MedChemExpress (Monmouth Junction, NJ,
USA), unless indicated otherwise. The U87 human glioblastoma cell line was purchased from the
American Type Culture Collection (Manassas, VA, USA).

Cell culture

Human U87 glioblastoma cells were cultured in Gibco Dulbecco’s modi�ed Eagle’s medium (DMEM;
Thermo Fisher Scienti�c, Waltham, MA, USA) supplemented with 10% fetal bovine serum and 100 U/mL
of penicillin and streptomycin. Cells were maintained in a humidi�ed incubator with 95% air atmosphere
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and 5% CO2 at a temperature of 37°C. Before the experiments, the cells were passaged for four
generations.

MTT assay

U87 cells were harvested in the log phase and then adjusted to a density of 25,000 cells/mL. The cells
were seeded into 96-well plates at 200 μL per well and incubated for 6 h. The medium of every three wells
was replaced with 200 μL of DMEM containing 1, 0.5, 0.25, or 0 mM brucine. After 24-h incubation, 20 μL
of MTT (5 mg/mL) was added to each well and the cells were incubated for an additional 4 h. After this,
the supernatant was removed, 150 μL of dimethyl sulfoxide was added, and the 96-well plate was rocked
on a shaker at an appropriate speed for 10 min. The optical density (15) of each well was measured at
492 nm using an enzyme-immunoassay instrument.

Flow cytometry assay

U87 cells were incubated with or without brucine (1, 0.5, 0.25, or 0 mM) for 24 h, harvested, and counted
for use in subsequent assays. For the cell cycle assay, the cells were washed with cold (4°C) PBS and
centrifuged at 1,000 rpm for 5 min. Then, 70% alcohol was added, and the cells were washed again with
PBS and stained with propidium iodide (4) in the presence of 100 µL of RNase A for 30 min prior to
analysis by �ow cytometry. For the Annexin V/PI assay, the cells were washed with cold PBS. The
supernatant was removed and then 1× binding buffer (100 μL) was added to each sample. After adding
Annexin V (5 μL) and PI (5 μL), the volume of each sample was adjusted to 500 μL with 1× binding buffer.
The cells were kept in the dark and analyzed through �ow cytometry within 1 h.

Reverse transcription-polymerase chain reaction (RT-PCR)

U87 cells were incubated with or without brucine (1, 0.5, 0.25, or 0 mM) for 24 h. Total cellular RNA was
extracted using TRIzol reagent according to the manufacture’s protocol. After measuring the amount of
total RNA with an enzyme-immunoassay instrument, RNase-free water was added to adjust the samples
to the same density. Next, cDNA was acquired by reverse transcription using Superscript II Reverse
Transcriptase according to the manufacturer’s protocol. The SYBR Green method was used for
performing RT-PCR on an iCycler (Bio-Rad, Hercules, CA, USA). cDNA (2 μL) from each sample was added
as template to 18-μL reaction mixture containing 10 μL of Hieff qPCR SYBR Green Master Mix (YEASEN,
Shanghai, China), 0.2 μM of each speci�c forward and reverse primer (Sangon Biotech, Shanghai, China),
and 7.2 μL of RNase-free water. RT-PCR was performed according to the following protocol: 95°C for 5
min, 40 cycles of 95°C for 10 s, 60°C for 20 s, and 72°C for 20 s. At the end of the �rst round of RT-PCR,
80 cycles of 55°C + 0.5°C per cycle were used for melting curve analysis. GADPH was used as a control.
The comparative CT method was used to determine relative expression levels.

Western blot assay
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U87 cells were incubated with or without brucine (1, 0.5, 0.25, or 0 mM) for 24 h. The cells were harvested,
washed with cold PBS, and homogenized on ice in RIPA lysis buffer with 1% 100× protease inhibitor
cocktail. After centrifugation at 14,000 rpm for 15 min, the supernatants were collected, and protein levels
were measured using the standard bicinchoninic acid assay. Thirty micrograms of protein from each
sample were separated on a 10% sodium dodecyl sul�de-polyacrylamide gel and transferred to
polyvinylidene �uoride membranes. The membranes were blocked with 5% fat-free milk containing Tris-
buffered saline with Tween 20 for 2 h at 20°C. The membranes were separately incubated with primary
antibodies against c-Myb, β-tubulin, BAX, cyclin-D1, caspase-9, and caspase-3 overnight at 4°C. After
incubation, the membranes were washed with Tris-buffered saline with Tween 20 and incubated for 2 h at
20°C with anti-mice or anti-rabbit secondary antibodies according to the primary antibody. Finally, the
protein bands were detected through Amersham electrochemiluminescence.

Dual luciferase reporter assay

Transfected cells were assessed using a Dual-Luciferase Reporter Assay System (Promega, Madison, WI,
USA). The guanine-rich sequence, 5′-GGGCTGGGCTGGGCGGGG-3′, located in the c-Myb promoter region
was synthesized to replace the sequence from site KpnI to NheI of pGL3-basic (Promega)(20). Next, 293
cells were seeded in 12-well plates and co-transfected with 1.0 μg of moderated pGL3 or pGL3-basic and
0.2 μg of pRL-SV40 (Promega) according to the manufacture’s protocol. After 48-h incubation following
transfection, the cells were incubated with or without brucine (1, 0.5, 0.25, or 0 mM) for 24 h.

Electrospray ionization mass spectrometry (ESI-MS)

The sequence, 5′-GGGCTGGGCTGGGCGGGG-3′, set as S1, and the complementary strand, set as S2, were
synthesized (Sangon Biotech) with high-performance liquid chromatography. Annealing buffer was
con�gured with Tris (10 mM), EDTA (1 mM), NaCl (50 mM), and pure water. DNA samples were divided
into 4 groups: groups A and B with 0.1 mM S1 and groups C and D with 0.1 mM of both S1 and S2 in
annealing buffer. Groups B and D were heated to 94°C, maintained for 2 min, and gradually cooled to
room temperature. The four groups were separately divided into 4 subgroups with different
concentrations of brucine (A1, B1, C1, and D1: 0 mM, A2, B2, C2, and D2: 5 mM, A3, B3, C3, and D3: 10
mM, and A4, B4, C4, and D4: 20 mM). Finally, the samples were detected with SYNAPT G2-Si (Waters,
Milford, MA, USA).

Tumor xenograft model in nude mice

Female nude mice (25–30 g, 6 weeks old) were purchased from the Animal Center of Chinese Academy
of Sciences (Shanghai, China). All mice were allowed free access to food and water under controlled
conditions (12/12 h light/dark cycle with humidity of 60% ± 5% and temperature of 22 ± 3°C). All
experimental protocols were approved by the Ethics Committee of the First Hospital of Jilin University
and its institutional animal-care committee. Approximately 5 × 106 U87 cells were suspended in 200 μL
ECM-gel (Sigma-Aldrich, St. Louis, MO, USA) with 50% 1× PBS and injected into the subcutaneous right
forelimb axilla of 6-week-old female nude mice. After two weeks, mice with palpable tumors were
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randomly placed into two groups for treatment with either brucine or an equivalent volume of normal
saline (NS). Mice in the experimental group were intraperitoneally injected with brucine (10 mg/kg) every
24 h and for 10 days. During treatment, body weights of mice were monitored and tumor sizes were
measured every two days. After treatment, all mice were sacri�ced and their tumors were resected and
stored at –80°C. All studies were performed under the China Association for the Accreditation of
Laboratory Animal Care guidelines for humane treatment of animals and adhered to national and
international standards.

Data analyses

Data analyses were conducted using GraphPad Prism 7 software (GraphPad, Inc., La Jolla, CA, USA). The
results were presented as the mean ± standard deviation. Student’s t test or one-way analysis of variance
was used to compare two or more than two groups, respectively. P < 0.05 was considered as statistically
signi�cant.

Results
Brucine reduces U87 cell viability

The effect of brucine on U87 cell viability was assessed using MTT assay. As shown in Figure 1, brucine
negatively affected the total survival of cells. Speci�cally, the quantity of living cells was reduced in a
dose-dependent manner. Particularly, at a relatively high concentration (0.5 or 1.0 mM), U87 cells were
signi�cantly suppressed compared with those in the control (0 mM) group.

Brucine affects the U87 cell cycle and apoptosis

Flow cytometry assay was conducted to determine the mechanism of inhibition of U87 survival caused
by brucine. As mentioned above, treated or untreated U87 cells were examined by FACS to detect both
apoptosis and the cell cycle stage. Figure 2 shows that the rate of cells in G2 was gradually increased
with increasing amounts of brucine, speci�cally at 1.0 mM (Figure 2D) and 0 mM (control; Figure 2A),
suggesting that brucine can arrest the cell cycle in U87 cells. Thus, brucine inhibited U87 cell growth.
However, as shown in Figure 3, the level of U87 cell apoptosis did not correlate with the dose of brucine in
the cells, indicating that brucine suppressed the proliferation of U87 cells rather than killing the cells.

Brucine affects transcription and expression of c-Myb

RT-PCR and western blotting were performed to investigate the effects of brucine on transcription and
expression of c-Myb. In RT-PCR, total RNAs of treated or untreated cells were extracted to detect c-Myb
transcription. Primers targeting GADPH as an internal reference and c-Myb were designed in-house and
then synthesized by Sangon Biotech. The results (Figure 4) showed a negative correlation between the
dose of brucine and levels of c-Myb transcripts in U87 cells. Analysis of protein levels (Figure 5) showed a
similar downward trend in c-Myb expression in U87 cells with increasing doses of brucine. These results
suggest that brucine negatively regulates the expression of c-Myb through a direct or indirect pathway.
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A dual-luciferase reporter assay was used to examine whether brucine acts directly on G-quadruplexes
located in the promoter region of c-Myb. The promoter region of pGL3, 5′-GAGCTCTTACGCGT-3′, which
did not contain su�cient guanines to form a G-quadruplex structure, was replaced by the guanine-rich
sequence at the c-Myb promoter region. Cells were transfected with the modi�ed pGL3 (pGL3-p or pGL3-
basic) vectors. Comparison of the two untreated groups (Figure 6A) showed that pGL3-p expression was
remarkably increased relative to pGL3-basic, indicating that the guanine-rich sequence with a potential to
form G-quadruplexes signi�cantly increased vector expression. The degree of in�uence of this sequence
is represented by the pGL3-p/pGL3-basic ratio under the same treatment conditions. As shown in Figure
6B, the ratios increased with increasing concentrations of brucine. In contrast, the expression of pGL3-
basic was not increased. This demonstrates that the guanine-rich sequence in the promoter region of
pGL3-basic was the only or at least the most effective target of brucine. Therefore, brucine may have
functioned by targeting the guanine-rich sequence of the c-Myb promoter and enhanced its effect on the
expression of pGL3 in our experiment.

Brucine binds G-quadruplexes to inhibit formation of double-stranded DNA

ESI-MS was used to investigate whether brucine binds G-quadruplexes in the c-Myb promoter region. The
approximate molecular weights of S1, S2, double-stranded S1 and S2 (S1+S2), and brucine are 5693,
5311, 11004, and 394; therefore, the peak of a certain number in Figure 7 shows the content of a speci�c
particle with a molecular weight of this certain number. For instance, the peak of 6087 represented S1
with a molecule of brucine binding (S1+1b) and peak of 6876 represented S1 with 3 molecules of brucine
(S1+3b). The process of annealing may help S1 and S2 to form secondary structures such as G-
quadruplexes and double-stranded structures. Without the annealing process, the results of group A and
C showed that only a very small amount of S1 was combined with brucine in a ratio of 1:1 and the
quantity of double-stranded DNA was di�cult to detect. Compared to the results of group A2-4, group B2-
4 had peaks of S1+2b to S1+5b and higher peaks of S1+1b, suggesting that brucine molecules were
more likely to bind to a secondary structure of the guanine-rich S1, speci�cally G-quadruplexes of S1,
rather than a “line-like” S1. D1 showed some formation of double-stranded S1+S2 without brucine rather
than C1. However, there are nearly no S1+S2 peaks, but rather peaks of S1+1b to S1+5b in D2-4,
suggesting that brucine disturbs the formation of S1+S2 by binding to G-quadruplexes of S1.

Effect of brucine on the cell cycle and apoptosis are related to genes in U87 cells

The results of MTT and �ow cytometry revealed that at brucine concentration of 1.0 mM, the proliferation
of U87 cells decreased without an increase cell death. To understand this phenomenon, western blotting
was performed to determine the effects of brucine on protein levels of cell cycle-related cyclin D1 and
apoptosis-related BAX, caspase-3, and caspase-9. Cyclin D1 levels gradually decreased with increasing
doses of brucine; however, levels of BAX, caspase-3, and caspase-9 were not signi�cantly affected by the
treatment with brucine (Figure 5). These results validated the �ow cytometry results.

Brucine suppresses U87 cell growth in vivo
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To determine whether brucine has antitumor effects on U87 cells both in vitro and in vivo, we established
a U87 xenograft model in female nude mice. Two weeks after injection of equal amounts of U87 cells,
tumors were palpable in all mice. The mice were separated into brucine therapy and NS control groups,
and all mice remained alive throughout treatment. Changes in tumor size in the two groups were
calculated using the formula tumor volume = 1/2 × length × width2(21). The results, shown in Figure 8B,
indicated that the average tumor size in the brucine treatment group increased more slowly than that in
the control group. Images (Figure 8A) of tumors resected on the last day of treatment revealed the effects
of brucine on U87 tumors. Furthermore, immunohistochemistry was performed to assess the expression
of Ki-67 and c-Myb in the tumors, and the amounts of both Ki-67 and c-Myb in the brucine treatment
group were lower than those in the control group (Figure 8C). Therefore, brucine has therapeutic effects
when used to treat U87 tumors in a xenograft model.

Discussion
Glioblastomas are one of the deadliest and chemotherapy-resistant malignancies of the central nervous
system. In this study, brucine was shown to inhibit the proliferation of U87 glioblastoma cells both in vitro
and in vivo. Other studies of brucine indicated that the mechanisms underlying its anti-tumor effects
include cell cycle arrest and induction of apoptosis in cancers such as hepatocellular carcinoma (22),
multiple myeloma (23), and colon cancer (24). However, in our study, brucine treatment at a concentration
of 1.0 mM did not signi�cantly induce the apoptosis of U87 cells in vitro, suggesting that brucine �ghts
different tumors through different pathways, or that U87 cells are not as sensitive to brucine as other
cancer cells, particularly in term of the susceptibility to apoptosis. Although increasing the concentration
of brucine may increase the impact of apoptosis on U87 cells, we maintained a low brucine dose because
of its considerable toxicity (intravenous toxicity of brucine in mice: LD50 = 13.17 mg/kg, LD5 = 9.17
mg/kg) (25). Moreover, we chose a relatively safe dose of 10 mg/kg brucine for intraperitoneal delivery in
the in vivo study. No mice died from brucine toxicity. The data on tumor sizes in the in vivo assay
demonstrated the therapeutic effect of brucine on U87 tumors. In addition, immunohistochemistry of the
tumors revealed reduced c-Myb protein levels in the brucine treatment group. Combined with the results
of RT-PCR and western blotting, c-Myb appears to play an important role in the mechanism underlying the
effects of brucine on U87 cells.

Parallel G-quadruplexes structures in various genes form based on their unique DNA sequences and
interact with speci�c proteins or small molecules(13). The same sequence can form the same G-
quadruplexes and interact with same molecules in different genes. In our ESI-MS assay, brucine bound to
the secondary structure of S1, G-quadruplexes, and blocked the formation of double-stranded DNA of S1
and S2. Typically, it is di�cult for a guanine-rich sequence to form double-stranded DNA with its
complementary strand because of the formation of G-quadruplexes in the annealing process. Brucine
enhances the formation of G-quadruplexes to amplify this issue, affecting the transcription of speci�c
genes. However, in our dual luciferase assay, although brucine targeted the speci�c guanine-rich
sequence from the c-Myb promoter, its effects on G-quadruplexes in c-Myb and pGL3-p were completely
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different: brucine inhibited c-Myb and functioned as an agonist of pGL3-p. In addition, only the guanine-
rich sequence in the pGL3-p promoter enhanced plasmid expression compared to that in pGL3-basic
without brucine treatment. This may be because of the different positions of G-quadruplexes in their DNA,
different transcription factors associated with c-Myb and pGL3, and different proto-oncogene and pGL3
plasmid sequences. Further studies of the function of different G-quadruplexes in plasmids and non-
oncogenes are needed to resolve these differences.
Furthermore, this study showed that the oncogene c-Myb in U87 cells is inhibited by interactions between
brucine and G-quadruplexes in the c-Myb promoter to reduce the proliferation of these cells in vitro. This
suggests that other ligands targeting the same structure have a similar glioblastoma cell anti-tumor
effect. For example, dehydrocorydaline showed greater binding a�nity and selectivity for c-Myb G-
quadruplexes than brucine(26). Thus, dehydrocorydaline is another potential anti-tumor drug for
glioblastoma, and may be more effective and selective, and less toxic than brucine. However, to date, no
study has demonstrated the therapeutic effects of dehydrocorydaline on glioblastomas. We propose that
the therapeutic e�ciency and safety of dehydrocorydaline for glioblastoma treatment should be
investigated for their comparison with these features of brucine.

Conclusions
Brucine is an effective suppressor of glioblastoma U87 cells both in vitro and in vivo. For U87 cells, cell
cycle arrest and reduction in the expression of oncogene c-Myb was achieved by targeting G-
quadruplexes located in the c-Myb promoter region. This is an important therapeutic mechanism of
brucine. This suggests that brucine is an effective therapy for glioblastoma.

Abbreviations
OD, optical density; PI, propidium iodide; ESI-MS, electrospray ionization mass spectrometry; NS, normal
saline
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Figure 1

Brucine inhibited viability of U87 cells. U87 cells were seeded into a 96-well plate and treated with brucine
at different concentrations for 24 h. Next, the cells were assessed by MTT assay. Cell viability is
represented by the OD 450 nm values shown in the �gure. The overall results are presented as the mean ±
SD and analyzed using one-way ANOVA test and P < 0.0001. Each treating group was separately
compared to the control group and analyzed by t test (1.0 mM vs. control: P = 0.0004; 0.5 mM vs. control:
P = 0.0064).
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Figure 2

Brucine arrested the cell cycle of U87 cells. U87 cells were seeded into a 6-well plate and treated with
brucine at different concentrations for 24 h. The harvested cells were washed with PBS and 70% alcohol
was added. The cells were washed again with PBS and stained with propidium iodide in the presence of
100 µL of RNase A for 30 min. Data were collected by �ow cytometry.
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Figure 3

Effect of brucine on apoptosis of U87 cells. U87 cells were seeded into a 6-well plate and treated with
brucine at different concentrations for 24 h. The harvested cells were washed with PBS and 1× binding
buffer (100 μL) was added to each sample. Cells were stained with Annexin V/PI before analysis by �ow
cytometry within 1 h.



Page 16/19

Figure 4

Brucine reduced transcription of c-Myb. U87 cells were treated with different concentrations of brucine
and incubated for 24 h before their total RNA was extracted. GADPH was used as internal reference.
Values of each treated group 2-ΔΔCT are presented as the mean ± SD and analyzed by one-way ANOVA,
and P < 0.01.
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Figure 5

Effect of brucine on c-Myb, Cyclin D1, Bcl-2, Caspase 3, Caspase 9, and BAX proteins. The expression
level of the indicated protein in U87 cells from each group was detected by western blotting. β-Tubulin
was used as an internal reference. The western blot gels are shown in A and statistical data are presented
as the mean ± SD in B.

Figure 6

Effect of brucine on the guanine-rich sequence located in the c-Myb promoter region. The guanine-rich
sequence in the c-Myb promoter region was synthesized to replace the sequence from site KpnI to NheI of
pGL3-basic. Cells (n=293) were transfected with pGL3-p or pGL3 and then treated with different
concentrations of brucine for 24 h. pRL-SV40 was used as an internal reference. The results of LUC/RLUC
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(A) showed the levels of the guanine-rich sequence and brucine affecting the plasmid expression and the
result of pGL3-p/pGL3 (B) represented how much the brucine in�uenced the guanine-rich sequence. The
data are presented as the mean ± SD and analyzed by one-way ANOVA.

Figure 7

Brucine binds G-quadruplexes to inhibit the formation of double-stranded DNA. The guanine-rich
sequence of c-Myb promoter, S1, and its complementary strand, S2, were grouped and added to
annealing buffer. Samples were mixed with different concentrations of brucine and groups B and D were
subject to the annealing process. Data were detected with a Waters SYNAPT G2-Si. The X-axis represents
the molecular weights of the granules detected and the Y-axis represents the ratios of the granules’
quantities.
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Figure 8

Brucine suppressed U87 tumors in vivo. U87 cells were injected into nude mice to establish an in vivo
model. After tumor growth in all mice, they were separated into two groups and treated with brucine or
NS. The changes in tumor sizes are shown (B) as the mean ± SD and the resected tumors are shown in
(A). The expression levels of Ki-67 and c-Myb in tumor were detected by immunohistochemistry and
images were captured at 200× magni�cation (C).


