
Abstract. Background: In a retrospective controlled study,
a tumor-protective effect, regarding breast cancer, was
determined for the medicines metformin and glitazone (anti-
diabetics), bisoprolol, and propranolol (cardioselective β1
adrenoceptor antagonists). Our main goal was to provide
evidence, showing the tumor-protective effects of beta-
blockers and of antidiabetics via investigations in vitro.
Materials and Methods: Four different medicines were tested
in cell cultures: Propranolol: 2.4 mg/ml and 0.3 mg/ml;
bisoprolol: 0.1 mg/ml and 0.05 mg/ml; metformin: 7.5 mg/ml,
2.5 mg/ml, and 0.15 mg/ml; and glitazone: 2.5 mg/ml, 0.15
mg/ml, and 0.05 mg/ml. The human breast cancer cell lines
MCF7 and BT20 (estrogen receptor-positive and -negative;
ATCC; cell density: 5×105 cells/ml) were used. Both cell lines
were cultured under sterile conditions in incubators at 37˚C,
with a humidified atmosphere of 5% CO2. The influences of
the drugs were determined through cytotoxicity and
proliferation assays and performance of a hydrogen peroxide
assay. Morphological observations (light microscopy) and
metabolic investigations (pH value, glucose) were also
performed. Results: The application of the beta-blocker
propranolol resulted in highly cytotoxic effects (>90%) in
both cell lines. In contrast, bisoprolol did not have any
effects, neither in cytotoxicity tests nor in cell proliferation
assays. The anti-diabetic metformin had a higher cytotoxic
influence on the BT20 than did on the MCF7 cell line. The
cell proliferation of BT20 was significantly inhibited after the
addition of 2.5 mg/ml metformin and of 2.5 mg/ml glitazone.
The application of glitazone also resulted in an increase of
hydrogen peroxide and a decrease of the pH value.
Conclusion: The strongest cytotoxic effect was observed with

propranolol suggesting that, in clinical practice, this
pharmaceutical can be used in patients with breast cancer
who have hypertension. A specific clinical recommendation
for anti-diabetics is not yet possible.

Propranolol is one of the oldest lipophilic drugs. It is a non-
selective β-adrenergic blocking drug that is eliminated by the
liver; its bioavailability is about 30%. Bisoprolol is a
younger, selective β1-adrenoreceptor blocker. The antitumor
effects of propranolol have been known for at least three
years; regression of infantile hemangioma, one of the most
common infantile tumors, has been observed (1). The
mechanisms of action that are associated with propranolol
are vasoconstriction, down-regulation of angiogenic factors,
up-regulation of apoptosis of the capillary endothelial cells,
and the inhibition of invasion and migration, as well as
inhibition of pro-inflammatory cytokines (2-5). Further
antitumor and anti-inflammatory effects of beta-blockers
have been described (6-8). Powe et al. (9) have documented
that patients treated with beta-blockers show a significant
decrease in metastasis development and a 71% reduction in
breast cancer mortality after 10 years. Moreover, the anti-
diabetic metformin is suggested to act against cancer. A
decreased incidence of pancreatic cancer in hamsters (10)
and a reduction of breast cancer cell growth (11) has been
reported. Evidence has been presented that metformin is
involved in the activation of AMP-dependent protein kinases
(11-13). However, not only metformin, but also other anti-
diabetics are drugs proposed for anticancer therapy.
Therefore, we have investigated the effects of the well-
known pharmaceutical metformin and the recently
established glitazone. Glitazone is a synthetic peroxisome
proliferating activated receptor gamma (PPARγ) agonist (14).
The nuclear receptor PPARγ is expressed throughout the
body (15, 16) and is found to be overexpressed in many
types of cancer, including breast cancer (17).

Our aim was to gain new insights into the treatment of
breast cancer in patients with simultaneous hypertension or
diabetes. We have for this reason used known drugs, which
are currently applied for cardiovascular diseases or diabetes.

2133

Correspondence to: Dagmar-Ulrike Richter, Ph.D., Department of
Obstetrics and Gynecology, University of Rostock, Südring 81, D-
18059 Rostock, Germany. Tel: +49 38144016550, Fax: +49
38144014596, e-mail: dagmar.richter@kliniksued-rostock.de

Key Words: Beta-blockers, anti-diabetics, breast cancer, propranolol,
bisoprolol, glitazone, metformin, MCF7, BT20, cell lines.

ANTICANCER RESEARCH 32: 2133-2138 (2012)

A Retrospective In Vitro Study of the Impact of Anti-diabetics
and Cardioselective Pharmaceuticals on Breast Cancer

M. SZEWCZYK1, C. RICHTER2, V. BRIESE1 and D.-U. RICHTER1

1Department of Obstetrics and Gynecology, University of Rostock, Rostock, Germany;
2Biomedical Physics, Max Planck Institute of Dynamics and Self-Organization, Göttingen, Germany

0250-7005/2012 $2.00+.40



Materials and Methods

Cell lines and cell culture. The human breast cancer cell lines
MCF7 and BT20 were obtained from the Department of Human and
Animal Cell Culture (Braunschweig, Germany). MCF7 cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM),
whereas BT20 cells were grown in Roswell Park Memorial Institute
medium (RPMI medium), both supplemented with 10% inactivated
fetal calf serum, 1% penicillin/streptomycin, and 0.5% amphotericin
B, under physiological conditions at 37˚C, in a humidified
atmosphere with 5% CO2.

Preparation of drugs. Propranolol (propranolol hydrochloride;
Sigma-Aldrich, Munich, Germany) was dissolved and diluted in
ethanol and stored at –20˚C until use. Bisoprolol (bisoprolol
hemifumarate), metformin (1,1-dimethyl biguanide hydrochloride),
and glitazone (2,4-thiazolidinedione; all Sigma-Aldrich, Munich,
Germany) were dissolved and diluted in dimethyl sulfoxide
(DMSO) and stored at –20˚C until use.

Cell proliferation and cytotoxicity. The cell proliferation and the
cytotoxicity of the human breast cancer cell lines MCF7 and BT20,
treated with various concentrations of bisoprolol, propranolol,
metformin, and glitazone, were analyzed by using a 5-bromo-2’-
deoxyuridine (BrdU) cell proliferation enzyme-linked
immunosorbent assay (ELISA) kit (colorimetric) and a cytotoxicity
detection kit (LDH kit for lactate dehydrogenase), as recommended
by the manufacturer (Roche, Mannheim, Germany). The optimum
cell number was found to be 5×105 cells/ml. For both tests, the cells
were grown in 96-well tissue plates for 24 h under a humidified
atmosphere. Subsequently, agents and controls were added and cells
were incubated for 24 h at 37˚C, with 5% CO2. Negative controls
were cells in media (control 1) and cells in media with ethanol or
DMSO (final concentration: 1%; control 2). Positive controls were
17β-estradiol (10–9 M) and tamoxifen (10–4 M), which were
dissolved in ethanol (final concentration: 1%). All experiments were
performed in quadruplicates and were repeated at least three times. 
BrdU test: After being labeled with BrdU for 3 h, the cells were fixed,
and the BrdU incorporation into the DNA was measured at 450 nm
(reference wavelength: 620 nm). 

LDH test: After incubation with the agents, the LDH activity in the
supernatants was measured at 492 nm (reference wavelength: 620 nm).
Additionally, a Triton X-100 control was added at a final concentration
of 1% for the determination of the maximum release of LDH activity. 

Hydrogen peroxide assay. The Hydrogen Peroxide Assay Kit
(BioVision, Heidelberg, Germany) is a highly sensitive colorimetric
assay for measuring hydrogen peroxide (H2O2). In the presence of
horseradish peroxidase, a probe reacts with H2O2 and produces a
pink product. We followed the protocol of the manufacturer: 24 h
after application, the cell supernatant was collected and centrifuged
for 15 min at 1000 ×g; 50 μl of each sample were transferred into a
96-well plate; 50 μl reaction mix was added to the samples and the
standards and were incubated for 10 min at room temperature; the
O.D. was measured at 570 nm in a microplate reader (R680; Biorad,
Munich, Germany).

Metabolic investigation: pH values and determination of glucose.
At 24 h after the application of the agents, the pH values of the cell

supernatants (Orion3Star pH meter; Thermo Scientific, Schwerte,
Germany) and the conversion of glucose were determined (BIOSEN
5140; EKF Diagnostic, Magdeburg, Germany). 

Statistical analysis. Data are presented as the mean±SD (n≥3).
Statistical analysis was performed by using the Student’s t-test for a
comparison of the means. A value of p≤0.01 was considered as
being statistically significant and is denoted by an asterisk.

Results

Cytotoxicity and cell proliferation. The LDH test was
performed for the measurement of cytotoxicity (Figure 1).
The application of propranolol resulted in significant cell
death of about 45% (2.4 mg/ml) and 90% (0.3 mg/ml) of
the populations of MCF7 and BT20 cells, respectively. The
second beta-blocker, bisoprolol, did not act in such a toxic
manner; fewer than 10% of the breast cancer cells died.
For the anti-diabetics metformin and glitazone, minor
cytotoxic effects were determined. Metformin showed
dose-dependence effects, delivering 3% up to 38% dead
BT20 cells, whereas in MCF7 cells, the effects were much
lower (4% to 17%). The response of MCF7 cells to
glitazone was about 30%. Glitazone at a final
concentration of 2.5 mg/ml was found to exhibit some
cytotoxicity towards BT20 cells.

In agreement with the highly cytotoxic impact of
propranolol, a strong decrease of cell proliferation (>85%)
was observed for this beta-blocker in both cell lines (Figure
2). Interestingly, 2.4 mg/ml propranolol achieved a greater
inhibition than did 0.3 mg/ml. The application of bisoprolol
reduced the growth of BT20 cells by about 10%, whereas the
growth of MCF7 cells was not influenced. Metformin
slightly increased the cell proliferation of MCF7 cells by
20% in the concentrations of 2.5 mg/ml and 7.5 mg/ml. With
2.5 mg/ml metformin, the growth of BT20 cells was
significantly reduced by 40%. Neither MCF7 nor BT20 cells
were influenced by 0.15 mg/ml metformin. The addition of
glitazone at concentrations of 0.05, 0.15 and 2.5 mg/ml did
not affect the growth of MCF7 cells. In contrast, the
proliferation of BT20 cells was reduced to 70% by
application of 2.5 mg/ml glitazone.

Metabolic investigations (pH values). After 24h incubations
with the various drugs, the cell culture supernatants were
investigated in order to determine differences in pH values
(Figure 3). The pH values for the controls were 8.15 (MCF7)
and 7.9 (BT20). No measurable differences were recorded,
except for glitazone, for which the pH values changed to 7.65
(MCF7) and 7.25 (BT20), at a concentration of 2.5 mg/ml.

Hydrogen peroxide assay. After incubation of the cells with
beta blockers and anti-diabetics, we measured the oxidative
stress in both cell lines (Figure 4). The hydrogen peroxide
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(H2O2) concentrations were 2.7 pmol/μl and 1.4 pmol/μl for
untreated MCF7 and BT20 in cells, respectively. Neither cell
line showed significant differences in H2O2 concentrations after
the application of propranolol, bisoprolol, or metformin. In
contrast, treatment with 2.5 mg/ml glitazone led to a doubling
of the H2O2 concentrations, both in MCF7 (6.0 mg/ml) and in
BT20 (3.3 mg/ml) cells.

Determination of glucose. The glucose concentration was
reduced in both MCF7 and BT20 cell lines, after drug treatment
(Figure 5). At the beginning of the tests, the concentration in
the untreated MCF7 cells was about 24.2 mmol/l. After a 24-h
incubation with the drugs, the values decreased in all analysed
samples. For BT20 cells, the glucose concentration started at
27.2 mmol/l and metabolized to 17.7 mmol/l, dependent on the
drug used and its concentration.

Discussion
In this study, we aimed at investigating the tumor-protective
effects of the medicines bisoprolol and propranolol (beta-
blockers) and those of metformin and glitazone (anti-
diabetics) in relation to breast cancer in vitro.

Existing studies have described the anticancer properties of
propranolol. Guo et al. (18) have proposed the use of this beta-
blocker in the chemoprevention of pancreatic cancer.  Positive
results for propranolol have been demonstrated in ovarian
cancer cells (2). In this study, we were able to show the
different effects of two beta-blockers. Propranolol is a non-
selective beta adrenoceptor antagonist. Bisoprolol is a selective
β1-adrenoceptor blocker. Propranolol had great cytotoxic
effects on both breast cancer cell lines, MCF7 and BT20,
examined. In contrast, bisoprolol had no effects. As a result of
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Figure 1. Effects of propranolol (Pro), bisoprolol (Bis), metformin (Met), and glitazone (Gli) on cytotoxicity in the MCF7 and the BT20 cell lines.
Data (mean±SD) represent relative cytotoxicity in comparison with negative control 2 and Triton X-100 control (100%), obtained in at least three
experiments. Asterisks indicate significant differences between treated cells and the negative control 2 (p<0.01). E: 17β-estradiol; T: tamoxifen.

Figure 2. Effects of propranolol (Pro), bisoprolol (Bis), metformin (Met), and glitazone (Gli) on cell proliferation of the MCF7 and the BT20 cell
lines. Data (mean±SD) represent relative BrdU uptake in comparison with negative control 2 (100%), obtained in at least three experiments. Asterisks
indicate significant differences between treated cells and the negative control 2 (p<0.01). E: 17β-estradiol; T: tamoxifen.



its toxic influence, the cell proliferation of MCF7 and BT20
were reduced after incubation with propranolol. Again,
bisoprolol does not affect the cell growth. We were, however,
unable to detect differences attributable to these test substances
with regard to the pH values and the concentrations of H2O2.
We suggest that propranolol exerts its effects by binding to the
β2-adrenoceptor. Badino et al. (19) have identified beta
adrenoceptors in CG-5 breast cancer cells, a variant of MCF7

(20). In CG-5 cells, the concentration of the β2-adrenoceptor
is significantly higher than that of β1-adrenoceptor, and
furthermore, their functionality has been demonstrated (19).
The presence of β-adrenoceptors in breast cancer cells suggests
a possible adrenergic regulation of cellular processes, e.g.
proliferation or apoptosis. The higher concentration of the β2-
adrenoceptor might explain the much better effect of
propranolol.
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Figure 3. pH values after incubation with propranolol (Pro), bisoprolol (Bis), metformin (Met), and glitazone (Gli) in the MCF7 and the BT20 cell
lines. Data (mean±SD) represent the pH values of cell culture supernatant obtained in at least three experiments. EtOH: Ethanol; DMSO: dimethyl
sulfoxide; E: 17β-estradiol; T: tamoxifen. 

Figure 4. Representation of the hydrogen peroxide (H2O2) concentration after incubation with propranolol (Pro), bisoprolol (Bis), metformin (Met),
and glitazone (Gli) in the MCF7 and BT20 the cell lines. Data (mean±SD) represent the concentration of hydrogen peroxide of cell culture
supernatant obtained in at least three experiments. EtOH: Ethanol; DMSO: dimethyl sulfoxide; E: 17β-estradiol; T: tamoxifen. 

Figure 5. Representation of the glucose concentration after incubation with propranolol (Pro), bisoprolol (Bis), metformin (Met), and glitazone
(Gli) in the MCF7 and the BT20 cell lines. Data represent the concentration of glucose in the cell culture supernatant. E: 17β-estradiol; T: tamoxifen.



With respect to the anti-diabetics, various studies have
described their protective effect against cancer cells. Al-Alem
et al. (17) have documented the inhibition of ovarian cancer
cell proliferation after incubation of these cells with
thiazolidinediones, possibly through PPARγ-dependent and -
independent pathways. The influence of metformin has been
also demonstrated in a cohort study among people with type-2
diabetes (21). A reduced risk of cancer has been shown after
the ingestion of metformin (21). In this study, we investigated
the anti-diabetics metformin and glitazone. Metformin has little
toxic effects on BT20 cells, but does limit cell proliferation.
MCF7 cells are not inhibited by metformin. Glitazone exerts
toxic influence on MCF7 cells mainly, but also reduces the
growth of BT20 cells by up to 70%. For glitazone, we were
able to measure differences in pH values after 24-h incubations
and a doubling of H2O2 in the cell culture supernatant. Triggers
of oxidative stress include the so-called reactive oxygen species
(ROS), such as O2

•−, H2O2, and •OH radicals. When the
capacities of antioxidants in cells are exhausted, a further
supply of ROS can result in irreversible damage, e.g. damage to
cell membranes or to DNA, which can subsequently lead to
mutagenic and carcinogenic events, and apoptosis (22, 23).
Various studies have documented correlations between high
amounts of ROS and an increased risk of cancer (24-26). We
measured the concentrations of glucose in the culture media of
the studied cells in order to determine the metabolic activity of
the cells. We showed a decrease of glucose concentration in the
cell culture supernatant. Therefore, we assume that the cells are
capable of metabolizing. Both metformin and glitazone inhibit
the growth of breast cancer cell lines in a dose-dependant
manner, but this effect is stronger in BT20 (estrogen receptor
(ER)-negative) than in MCF7 (ER-positive) cells.

In conclusion, the strongest cytotoxic effect was observed
with propranolol. For the clinical practice, this suggests that
this pharmaceutical agent can be used for patients with breast
cancer who have hypertension. The application on patients
without hypertension is still questionable but should be
considered. A specific clinical recommendation for anti-
diabetics is not yet possible. Some evidence of an inhibitory
effect has been obtained, which is especially pronounced in
ER-negative breast cancer cells. The increase of oxidative stress
provoced by glitazone is the object of further detailed studies.
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