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Abstract. Since the current methods of treatment for malignant
glioma, radiotherapy and chemotherapy, are unsatisfactory,
the development of novel therapeutic compounds is required.
In the present study, the inhibitory effect of tetrandrine citrate
(TetC) on the proliferation of human glioma U87 cells, as well
as its mechanism of action, were investigated. An MTT assay
was used to assess cell viability in vitro, and the production of
intracellular reactive oxygen species (ROS) was determined by
assessing the fluorescence intensity of 2,7-dichlorofluorescein
(DCF). Flow cytometry was used to determine the level of
apoptosis and cell cycle status, and the protein expression
levels of apoptosis-associated proteins were determined using
western blotting. Additionally, the antitumor activity of TetC
was assessed in vivo using a nude mouse xenograft model. The
results revealed that in vitro, the proliferative rate of U87, U251
and human umbilical vein endothelial cells (HUVECs) was
significantly reduced in a dose-dependent manner following
treatment with TetC, although TetC had the greatest inhibitory
effect on U87 cells. The vacuolization and apoptosis of U87
cells was induced using 10 and 20 gmol/l TetC, respectively.
The overall proliferative inhibition was associated with an
increase in the levels of ROS and apoptosis. In TetC-treated
cells, the expression levels of apoptosis-related proteins,
including cleaved (CL) caspase-3, Fas, phosphorylated (p)-p38
and p-JNK, were increased, whereas those of caspase-3 and
Bcl-2 were decreased. In vivo, TetC was highly effective at
inhibiting the growth of human glioma U87 xenografts in
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BALB/c nude mice, with a percentage growth inhibition of
=68.7%. These findings indicated that the potent antitumor
activity of TetC may be mediated through an increase in ROS
levels, the downregulation of Bcl-2, and the upregulation of
CL caspase-3, Fas, p-p38 and p-JNK expression levels.

Introduction

According to the National Cancer Institute of United States,
malignant gliomas (anaplastic astrocytoma and glioblastoma
multiforme) occur more frequently than other types of primary
central nervous system (CNS) tumors and account for over
half of all brain cancers (1). These tumors are characterized
by aggressive growth and are associated with a mean patient
survival time of 12-15 months (2,3). Although the clinical
application of temozolomide (TMZ) has been thoroughly
demonstrated to effectively prolong the survival time of
patients with brain tumors, unfortunately, glioma cells exhibit
resistance to TMZ under certain conditions (4-6). Surgical
resection is usually inadequate for local control, and residual
tumors often lead to recurrent disease (7). Although malignant
gliomas are sensitive to high doses of radiation, radiothera-
peutic treatment is limited by normal tissue toxicity (8).
Therefore, current therapies are unsatisfactory, indicating the
requirement for novel therapeutic agents and approaches to
prolong the survival time of patients with glioma.

Recently, an extensive study evaluated the safety and
therapeutic efficacy of natural compounds for treating cancer.
Tetrandrine (TET) is a bisbenzylisoquinoline alkaloid isolated
from the root of Han-Fang-Chi (Stephania tetrandra S. Moore),
which has been used in traditional Chinese medicine to treat
arthritis (9-11), silicosis (12-14) and occlusive cardiovascular
disorders (15-17) in China for several decades. TET is also
reported to exert substantial inhibitory effects on various types
of tumors (18-21), and to reverse multidrug resistance (22-24).
Although several studies have addressed the effects of TET
on gliomas (25-28), its clinical use is inconvenient due to its
insolubility in water. Tetrandrine citrate (TetC), a novel TET
salt, was synthesized in-house. Compared with TET, TetC has
higher water solubility and can be administered by injection
in an in vivo study. The difference between TetC and TET is
only the difference in acid radicals. In the present study, the
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inhibitory effect of TetC on human glioma U87 cell prolif-
eration was investigated in vitro and in vivo, and the potential
molecular mechanisms of its antitumor activity were explored.

Materials and methods

Reagents. A free base formulation of TET (purity, 98%)
was purchased from Nanjing Jingzhu Biotechnology Co.,
Ltd., and citrate was purchased from Beijing Kehai Junzhou
Biotechnology Center. TetC was synthesized in-house, and
its structure is presented in Fig. 1. MTT, DMSO, NP40 and
2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) were
obtained from Sigma-Aldrich; Merck KGaA. All other
chemicals were of standard analytical grade.

Cell culture. Human glioma U87 cells (ATCC version,
glioblastoma of unknown origin) and U251 cells were
purchased from the Cell Center of the Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences and Peking
Union Medical College (Beijing, China) and were validated
by short tandem repeat DNA profiling. U87 and U251 cells
were cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% heat-inactivated FBS
(ScienCell Research Laboratories, Inc.), 100 U/ml penicillin
and 100 pug/ml streptomycin at 37°C (5% CO,) in a humidified
atmosphere. Human umbilical vein endothelial cells (HUVECs)
were purchased from ScienCell Research Laboratories, Inc.,
and cultured in endothelial cell medium containing 100 mg/ml
streptomycin, 100 IU/ml penicillin, 40 xg/ml endothelial cell
growth supplement and 5% heat-inactivated FBS (all from
ScienCell Research Laboratories, Inc.,) at 37°C in a humidi-
fied atmosphere containing 5% CO,. Compared with other
normal cells, such as primary hepatocytes, HUVECs are
easily obtained, cultured and have no characteristics of tumor
cells. Thus, HUVECs were selected as normal control cells in
the present study.

Cell viability assay. Cell viability assays were performed
using the MTT method according to the manufacturer's
instructions (Sigma-Aldrich; Merck KGaA). Cells were
seeded into 96-well plates (Costar; Corning, Inc.) at a density
of 4x10° cells/well. After a 24-h incubation period, tripli-
cate wells were treated with various concentrations of TetC
(0, 5, 10, 20 and 40 umol/1) for 48 h. Next, 20 ul MTT solution
(5 mg/ml in PBS) was added to each well and incubated at
37°C for 4 h. The formazan crystals were dissolved by adding
150 ul DMSO to each well, and the absorbance was measured
with a microplate reader (Multiskan™ MK3; Thermo Fisher
Scientific, Inc.) at a wavelength of 570 nm. ICs, values
were calculated from cytotoxicity curves using the Bliss
independence method (29).

Cell morphology and Hoechst staining. U87 cells were seeded
at a density of 2.5x10° cells/flask. Following a 24-h incubation
period, the cells were treated with 0, 5, 10, 20 and 40 ymol/l
TetC. After a further 48 h of treatment, images of the cells
were captured using an optical microscope (x20; Olympus
Corporation). The cells were then washed with pre-cooled
PBS and incubated in fresh culture medium containing
10 pg/ml Hoechst 33342 fluorescent dye (Beyotime Institute
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Figure 1. Chemical structure of tetrandrine citrate. The tetrandrine cation
(left), and citrate anion (right).

of Biotechnology) at 37°C for 20 min. The cells were washed
twice with PBS to remove residual Hoechst, and photographed
using a fluorescence microscope (x20; Olympus Corporation).
In addition, U87 cells were treated with 20 ymol/l TetC for
0, 1.5,3,6, 12,24 and 48 h, and photographed using an optical
microscope (x40; Olympus Corporation).

Detection of intracellular reactive oxygen species (ROS).
Intracellular ROS measurements were performed by detecting
the fluorescence intensity of 2,7-dichlorofluorescein (DCF).
U87 cells in each treatment group (0, 5, 10, 20 and 40 pmol/l
TetC) were incubated with the fluorescent probe DCFH-DA
(1:1,000) at 37°C for 10 min in the dark, and then washed
three times with ice-cold PBS. Images were acquired using an
inverted fluorescence microscope (x20; Olympus Corporation),
and the fluorescence intensity was detected using Imagel soft-
ware (version 1.0; National Institutes of Health). After imaging,
the U87 cells were centrifuged (250 x g at 4°C for 10 min) and
washed with ice-cold PBS prior to flow cytometric analysis
with a FACSCalibur flow cytometer and CellQuest software
(version 5.1; BD Biosciences).

FITC-Annexin Vipropidium iodide (PI) apoptosis analysis.
Cells were seeded at a density of 2.5x10° cells/flask and incu-
bated for 24 h at 37°C (5% CO,), prior to treatment with 0, 5,
10, 20 or 40 umol/l TetC. After 48 h, the cells were collected
and resuspended in 200 pl binding buffer; 10 ul FITC-labeled
enhanced Annexin V and 10 p1 PI were added and the samples
were gently mixed. After incubation in the dark for 15 min
at room temperature, the samples were diluted with 300 ul
binding buffer and subjected to flow cytometric analysis using
the FACSCalibur flow cytometer with CellQuest software
(version 5.1; BD Biosciences).

Cell cycle assay. To determine the effect of TetC on cell cycle
progression, cells were cultured for 6 h (one cell cycle) in
medium containing 0, 5, 10, 20 or 40 gmol/l TetC. The cells
were washed with PBS, collected by trypsinization, fixed with
70% ethanol and treated with 1% NP40 and 5 mg/ml RNase
for 30 min. After staining with 50 mmol/l PI, the cells were
subjected to flow cytometric analysis as aforementioned.

Western blotting. Cells were harvested and washed with
PBS, and whole-cell extracts were prepared by incubating
the cells on ice in lysis buffer containing phosphatase
inhibitor cocktail (Roche Diagnostics). The lysates were
clarified by centrifugation (12,000 x g at 4°C for 20 min),
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Figure 2. Inhibition of human glioma U87 cells, U251 cells and HUVECs proliferation by TetC. U87 cells (A), U251 cells (B) and HUVECS (C) were exposed
t0 0,5, 10, 20 and 40 ymol/l TetC for 24,48 and 72 h, and the proliferative rate was determined using an MTT assay (three replicates). "P<0.05, compared with

the control group. TetC, tetrandrine citrate.

and the total protein was quantified using a BCA Protein
Assay kit (Pierce; Thermo Fisher Scientific, Inc.). Equal
amounts of lysate (40 pg/lane) were resolved by 10%
SDS-PAGE and transferred to polyvinylidene difluoride
membranes (EMD Millipore). The membranes were
blocked in Tris-buffered saline with Tween-20 (TBST)
containing 5% skim milk at room temperature for 2 h,
and incubated with the corresponding primary antibodies
at 4°C overnight. The membranes were then incubated
with horseradish peroxidase-conjugated secondary
antibodies for 1 h at room temperature. All primary anti-
bodies were purchased from Cell Signaling Technology,
Inc., and were targeted against cleaved (CL) caspase-3
(cat. no. 9661; 1:1,000), caspase-3 (cat. no. 9662; 1:1,000),
Fas (cat. no. 8023; 1:1,000), Bcl-2 (cat. no. 15071; 1:1,000),
Bax (cat. no. 2772; 1:1,000), p-p38 (cat. no. 9216; 1:1,000),
p38 (cat. no. 9212; 1:1,000), p-JNK (cat. no. 9255; 1:1,000),
JNK (cat. no. 9252; 1:1,000) and B-actin (cat. no. 8457,
1:1,000). B-actin was used as the endogenous reference
protein. Secondary antibodies against rabbit (cat. no. 7074;
1:5,000) or mouse (cat. no. 7076; 1:5,000 dilution) IgG were
also purchased from Cell Signaling Technology, Inc., and
the pre-stained protein marker p7708V was purchased from
New England BioLabs, Inc. The proteins were visualized
using enhanced chemiluminescence western blotting detec-
tion reagents (GE Healthcare). ImagelJ software (version 1.0;

NIH) was used to quantify the optical density for treated
samples, which were normalized to the (-actin internal
controls.

In vivo assessment of the therapeutic effects of TetC in
BALB/c nude mice. A total of 14 female BALB/c nude
mice (20+2 g) aged 4-6 weeks were obtained from Vital
River Laboratories Co., Ltd., and used to create a human
glioma U87 xenograft model. The mice were maintained
in a temperature-controlled room (22+2°C) with a 12-h
light/12-h dark cycle and a relative humidity of 40-60%,
with ad libitum access to food and water. All animal experi-
ments were approved by the Institutional Animal Care and
Use Committee of Beijing Hospital, and the U87 xenograft
mouse model was established as previously described (30).
Briefly, U87 cells (5x10° cells per animal) were injected
into the armpit of each mouse. When the tumor volume
had reached a volume of 1 cm?, it was removed and cut
into 2 mm? pieces; these tissues were inoculated into the
armpits of another group of female nude mice. After 3 days
of tumor growth, the animals were randomly divided into
the control or 200 mg/kg TetC (22 g/l)-treated groups (six
mice per group). Each animal received either 200 ul PBS
(vehicle control) or TetC via intraperitoneal injection, every
other day for 14 days. Health status and behavior of mice
were monitored daily. At the end of the experiment, the mice
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Figure 3. Effect of TetC on intracellular vacuolization and apoptosis in human glioma U87 cells. (A) Cells were treated with 0, 5, 10, 20 and 40 gmol/l TetC for
48 h, and observed under a microscope (x20). (B) Cells were then stained with Hoechst 33342 for 20 min and photographed using a fluorescence microscope
(x20). (C) Cells were treated with 20 gmol/l TetC for 0, 1.5, 3, 6, 12, 24 and 48 h and observed under a microscope (x40). TetC, tetrandrine citrate.

were anesthetized by intraperitoneal injection with 10%
chloral hydrate (300 mg/kg bodyweight) and were sacrificed
by cervical dislocation. When the mice did not move, death
was confirmed and then tumor tissues were removed and the
body and tumor weights were measured.

Statistical analysis. All experiments were repeated three
times. SPSS 17.0 statistical software was used for statistical
analysis, and the results are presented as the means + standard
deviation. Treatment effects were compared using one-way
ANOVA and significance was calculated using the LSD test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Inhibition of human glioma US7, U251 and HUVEC growth by
TetC. The growth-inhibitory effect of TetC on human glioma
U87 and U251 cells, in addition to HUVECs, was examined
using an MTT assay. The cells were cultured for 24, 48 and
72 h in the presence of 0, 5, 10, 20 or 40 #mol/l TetC. Following
treatment with TetC, the proliferative rate of all three cell lines
was decreased in a dose-dependent manner (Fig. 2). The ICy,
values of TetC in U87 cells at 24, 48 and 72 h were 10.4+1.1,
9.1+0.7 and 7.3£0.6 umol/l, respectively; in U251 cells, the
1C,, values were 16.6+1.6 (24 h), 12.5+1.2 (48 h) and 10.8+£0.9
(72 h) pmol/l, and 19.1+1.8 (24 h), 21.3+1.8 (48 h) and 20.3+2.1
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Figure 4. Effect of TetC on the levels reactive oxygen species in U87 cells. (A) Cells were treated with different concentrations of TetC (0, 5, 10, 20 and
40 pmol/1) for 48 h and observed under a microscope. (B) Quantification of (A). (C) Following image acquisition, the cells were centrifuged and washed with
ice-cold PBS prior to flow cytometric analysis. "P<0.05, compared with the control group. TetC, tetrandrine citrate; ROS, reactive oxygen species.

(72 h) pmol/l in HUVECs. The greatest growth-inhibitory
effect was observed in U87 cells, and TetC was more cytotoxic
to U7 cells than HUVECs. Therefore, the U87 cell line was
selected for use in subsequent experimentation.

TetC induces the vacuolar degeneration of human glioma
U87 cells. Human glioma US87 cells were cultured for 48 h
in the presence of various concentrations of TetC (0, 5, 10,
20 and 40 umol/l). Cell morphology was then observed by
optical microscopy. TetC (10 ymol/l) induced the intracel-
lular vacuolization of U87 cells, and =20 gmol/l induced
cell rounding (Fig. 3A). Fluorescence microscopy revealed

that markers of apoptosis, such as nuclear concentration and
apoptotic body formation, were induced by =20 ymol/l TetC
(Fig. 3B). In addition, 20 gmol/l TetC induced cell rounding
with small vacuole formation in a time-dependent manner
(Fig. 3C).

TetC increases ROS production in U87 cells. The effects of
TetC on intracellular ROS production in U87 cells were deter-
mined using a DCFH-DA fluorescence assay. As revealed in
Fig. 4A, the number of fluorescent puncta, representing the
concentration of ROS, was higher in TetC-treated cells than
in the control cells. In addition, the flow cytometric results
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Figure 5. TetC decreases the percentage of cells in the G,/G, phase and induces apoptosis in U87 cells. (A) Cells were treated with different concentrations of
TetC (0, 5, 10, 20 and 40 pmol/l) for 48 h, and labeled with a combination of FITC-Annexin V and PI, followed by flow cytometric analysis. The percentage
of apoptotic cells (upper right (late stage) and lower right quadrants (early stage) is indicated. (B) Histogram of the cell cycle distribution of U87 cells. TetC,

tetrandrine citrate; PI, propidium iodide.

revealed that ROS levels were increased by treatment with
0, 5, 10, 20 and 40 umol/l TetC, compared with those in the
control cells. However, the levels of ROS were increased to a
lesser degree following treatment with 40 ymol/l, compared
with the use of 10 or 20 xmol/l TetC (Fig. 4B and C). These
results demonstrated that ROS were produced in U87 cells in
response to TetC.

TetC induces U87 cell apoptosis and decreases the percentage
of cells in the G,/G, phase. To evaluate the effect of TetC on
apoptosis, human glioma U87 cells were treated with different
concentrations of TetC. The induction of apoptosis by TetC

was confirmed by FITC-Annexin V/PI staining. The apoptotic
ratio was significantly enhanced in cells incubated with 20 or
40 pumol/l TetC for 48 h, compared with that of the control
(Fig. 5A). To investigate the effect of TetC on the cell cycle, the
cells were treated with 0-40 gmol/l TetC, which significantly
altered the cell cycle distribution in a dose-dependent manner;
the percentage of the G,/G, phase cells was decreased, and
the percentage of cells in the G,/M and subG,/G, phases was
increased (Fig. 5B).

TetC regulates the expression of tumor-related genes in U87
cells. To investigate the mechanisms of TetC in human glioma
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peritoneally administered 200 u1 PBS (vehicle control) or TetC (200 mg/kg)
every other day for 14 days. "P<0.05, compared with the control group.
(A) Body weight. (B) Tumor weight. (C) Representative tumor images. TetC,
tetrandrine citrate; PBS, phosphate-buffered saline.

US87 cells, the effects of TetC treatment on the expression
levels of apoptosis-associated proteins were investigated. As

revealed in Fig. 6, the expression levels of caspase-3 and Bcl-2
in U87 cells were markedly downregulated following TetC
treatment in dose-dependent manner, whereas the levels of CL
caspase-3, Fas, p-p38 and p-JNK were increased.

Inhibition of human glioma U87 xenograft growth in BALB/c
nude mice. TetC treatment was initiated three days after tumor
implantation. TetC was intraperitoneally administered at a
dose of 200 mg/kg, every other day for 14 days; the control
mice were administered PBS (vehicle only). The body weights
of the animals in the control and TetC-treated groups were not
significantly different (Fig. 7A), although tumor growth in the
TetC-treated BALB/c nude mice was significantly suppressed
compared with that in the control mice (Fig. 7B and C).
Compared with the control group (1.8+0.11 cm), the maximum
diameter of tumors (0.8+0.06 cm) in TetC-treated groups was
shorter and there was only one tumor per mouse. Treatment with
TetC inhibited the growth of human glioma U87 xenografts by
up to 68.7%, which suggests that TetC, at a well-tolerated dose,
markedly inhibits U87 xenograft growth.
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Discussion

Malignant glioma is among the neoplasms with the highest
mortality rates, and is associated with one of the worst 5-year
overall survival rates among all human cancers (31). Although
TMZ has consistently been demonstrated to effectively
prolong the survival time of patients with brain tumors, under
certain conditions, glioma cells exhibit marked resistance to
TMZ (4-6). Therefore, new therapeutic compounds and treat-
ment approaches are required to prolong the survival time
of glioma patients. In the present study, the effect of TetC on
cell proliferation was investigated using an MTT assay, which
revealed that TetC inhibited the proliferation of U87 and U251
cells, as well as HUVECs, in a dose-dependent manner (Fig. 2).
Furthermore, these growth-inhibitory effects were most promi-
nent in U87 cells, and a greater cytotoxic effect was apparent
in these cells, compared with that in HUVECs. It can therefore
be deduced that TetC has a more pronounced effect on U87
cells; thus this cell line was utilized in subsequent experimenta-
tion. In the cell viability assay, the vacuolization of U87 cells
was observed in the 10 gmol/l TetC-treated group, however
cell-rounding with reduced vacuolization was observed in the
20 and 40 pmol/l treatment groups. Furthermore, the change
of vacuoles over time at 20 ymol/l TetC was also observed
(Fig. 3C). Numerous vacuoles of different sizes appeared in each
cell, so it was difficult to quantify the number of vacuoles and
size under the the current experimental conditions. In addition,
cell apoptosis would occur with the prolongation of 20 pmol/l
TetC treatment time. It was speculated that different mecha-
nisms of action were responsible for the differences in response
to 10 pmol/l and =20 umol/l TetC treatment. In the 10 gmol/l
TetC-treated group, cell vacuolization was an indication of
mitochondrial or endoplasmic reticulum denaturation (32),
although some researchers consider this to be the result of
methuosis (33). In the 20 and 40 gmol/l TetC-treated groups,
cell rounding was more likely to be associated with apoptosis.
Subsequently, apoptosis was assessed using flow cytometry and
Hoechst staining, and the cell cycle status was investigated by
flow cytometry alone. The results of these assays demonstrated
that TetC induced apoptosis in a dose-dependent manner.
Hoechst staining revealed nuclear concentration and apoptotic
body formation in the 20 and 40 ymol/l TetC-treated groups.
This suggests that following treatment with TetC, apoptosis
contributes to the inhibition of U87 cell proliferation, which
was supported by the results of the cell cycle assay.

Mitochondria and the production of ROS serve impor-
tant roles in the induction of apoptosis under physiological
and pathological conditions. Notably, mitochondria are both
a source and a target of ROS (34). In the present study, it
was observed that compared with the vehicle control, TetC
treatment resulted in increased ROS production. However,
compared with the 10 and 20 gmol/l TetC-treated groups,
single-cell fluorescence intensity analysis revealed that
40 umol/l TetC decreased the levels of ROS (Fig. 4B), and it
was hypothesized that this decrease in fluorescence intensity
was the result of apoptosis (Fig. 5). Cell apoptosis leads to the
decrease of intracellular ROS. The findings of the 40 ymol/l
TetC group in Figs. 4 and 5 were consistent.

Caspase-3 and members of the Bcl-2 protein family act as
key regulators of apoptosis, and are important determinants
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of cellular sensitivity or resistance to chemotherapeutic
drugs (35). Bcl-2 and Bax belong to the Bcl-2 protein family,
and Bcl-2 inhibits, whilst Bax promotes apoptosis (36). The
present study indicated that although the expression level of
Bcl-2 was decreased in a dose-dependent manner, that of Bax,
a pro-apoptotic protein, was not significantly altered, thus the
Bcl-2/Bax ratio was decreased. Bcl-2 and Bax may therefore
be involved in TetC-induced apoptosis. Moreover, an increase
in the level of CL caspase-3, but a decrease in the expression
level of caspase-3 was observed following TetC treatment;
the CL caspase-3/caspase-3 ratio was thus increased. Notably,
caspase-3 activation was demonstrated to occur after treatment
with TetC. These events have been associated with a decrease
in the Bcl-2/Bax ratio (37). In addition, the reason why CL
caspase-3 was induced in the control group may be due to too
many cells in the control group, which causes apoptosis in few
cells. Further research will be performed on this phenomenon.

The JNK and p38 mitogen-activated protein kinase
(MAPK) pathways are critical to MAPK signaling. The
activation of JNK and p38 MAPK signaling is involved in
the initiation of apoptosis by different stimuli in a number of
common malignant tumors (38). Therefore, the effect of TetC
on the expression and phosphorylation of JNK and p38 MAPK
was also investigated. As revealed in Fig. 7, in U87 cells
treated with TetC for 48 h, the protein levels of p-JNK and
p-p38 MAPK were significantly increased in a dose-depen-
dent manner, compared with those in the control cells. The
increased activities of both of these pathways may induce U87
cell apoptosis and thereby inhibit tumor cell growth.

In vivo, it was determined that TetC decreased tumor size
and inhibited the growth of human glioma U87-cell xenografts
in BALB/c nude mice, without influencing body weight. This
result suggests that TetC not only inhibits tumor growth, but is
also well tolerated. The limitation of this study is that it is not
clear whether TetC can pass through the blood-brain barrier.
It is reported that tetrandrine liposomes could pass through
blood-brain barrier (39). If TetC cannot pass the blood-brain
barrier, Tet liposomes will be used in a future study. In
addition, only the effect of TetC on U87 cell apoptosis was
investigated in the present study. It is considered that TetC
has a wide range of pharmacological effects which will be
addressed in a future study.

In conclusion, TetC induced apoptosis in human glioma
U87 cells by decreasing the Bcl-2/Bax ratio and increasing the
production of ROS, the CL caspase-3/caspase-3 ratio and JNK
and p38 phosphorylation. In vivo, TetC was highly effective
at inhibiting the growth of human glioma U87 xenografts in
BALB/c nude mice, and is therefore a promising candidate for
the treatment of human gliomas.
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