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Abstract

Background: Spironolactone is a conventional drug widely in use for the treatment of heart failure and hypertension patients. On
the other side recent studies have reported spironolactone can prevent growth and drug resistance in cancer stem cells (CSCs), by
inhibiting DNA double-strand break (DSB) repair; suggesting its potential application in cancer therapy.
Objectives: Our study aimed at assessing the potential cytotoxicity of spironolactone in human U87-MG glioblastoma cells.
Methods: Different concentrations of spironolactone (0 - 50 µM) for 48 and 72 h were used for treatment. Cell viability assay was
carried out by the 4, 5-dimethylthiazole-2-yl, 2, 5-diphenyl tetrazolium (MTT) method. Apoptosis was evaluated using annexin V/PI
staining and flow cytometry and colorimetric measurement of caspase 8 and 9 activity.
Results: Our findings showed a significant dose-dependent cytotoxic effect of spironolactone with maximum effect in 30 µM (P-
value < 0.05). Spironolactone can induce approximately 20% apoptotic cell death in U87-MG cancer cells which were mainly related
to early apoptotic cells. Indeed, the activity of caspase 8 and 9 was significantly elevated in spironolactone-treated cells compared
to mock control.
Conclusions: Findings showed the cytotoxic effect of spironolactone in U87-MG glioblastoma cancer cells in a mechanism de-
pendent on apoptosis cell death induction. Our findings suggest the potential application of spironolactone in the treatment of
glioblastoma in vitro.
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1. Background

Glioblastoma is a kind of primary central nervous sys-
tem tumor originating from astrocytes. It accounts for
the majority of cases of malignant glioma (1, 2). In adults,
mostly glioblastoma multiforme (GBM) is an aggressive
primary brain tumor and is classified by the World Health
Organization (WHO) as a grade IV malignant glioma (3). As
the most common primary CNS malignancy, glioblastoma
has an incidence rate of 3.22 per 100,000 population. Be-
sides the advanced medicinal treatments, unfortunately,
patients with glioblastoma have a poor prognosis with 5-
year relative survival rates of 6.8% in the United States (re-
ported in 2012 - 2016) (4). In this regard, finding novel ther-
apeutic approaches is appealing to provide a better clini-
cal outcome for these patients. Instead of drug discovery
which demands time and cost, drug repositioning can be
more rapid and feasible. Drug repositioning is a novel ap-
proach to reusing Food and Drug Administration (FDA)-

approved drugs for treating other diseases. Moreover, it
has been more advantageous concerning drug pharma-
cokinetics and safety profiles, that are already known (5).

Currently, several repositioned drugs including met-
formin, chloroquine, and disulfiram which are approved
by FDA entered phase 1 and 2 clinical trials for the treat-
ment of glioblastoma (6). Another approved drug with the
potential for repositioning is spironolactone (brand name:
Aldactone). Spironolactone is a mineralocorticoid recep-
tor antagonist which has been approved by the FDA for
treatment of Class III-IV heart failure and reduced ejection
renal function periodically, hypertension, primary hyper-
aldosteronism, and management of edema (7).

2. Objectives

Recently it has been reported that spironolactone, an
aldosterone antagonist, can inhibit cancer and cancer
stem cells in vitro and in vivo in a mechanism dependent
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on homology-directed repair (HDR) inhibition and double-
strand DNA break repair disruption (8, 9). Therefore, in the
current study, we aimed to find out whether spironolac-
tone repositioning is effective to inhibit the human U87-
MG glioblastoma cells.

3. Methods

3.1. Reagents

Dulbecco’s modified Eagle’s medium (DMEM), trypsin-
EDTA, penicillin-streptomycin (pen/strep), and fetal bovine
serum (FBS) were ordered from Gibco (Grand Island, NY).
The 4, 5-dimethylthiazole-2-yl, 2, 5-diphenyl tetrazolium
(MTT) was from Autocell and dimethyl sulfoxide (DMSO)
was procured from Sigma (St. Louis,MO, USA). The spirono-
lactone was provided by Tocris bioscience (Bristol, UK). The
apoptosis assay kit was purchased from MabTag GmbH
(Germany, Gladiolenweg) and for caspase 8 and 9 activity
assay the R&D systems (Minneapolis, USA) were used.

3.2. Cell Culture

The U87-MG human glioblastoma cell line was pro-
vided by the Pasteur Institute of Iran (Tehran, Iran). Cell
line was cultured in DMEM supplemented with 10% FBS
and 1% pen/strep antibiotics in a 5% CO2 humidified in-
cubator at 37°C temperature. The medium was refreshed
every 3 days during the experiments. This study was ap-
proved by the ethical committee of Golestan University of
Medical Sciences (IR.GOUMS.REC.1397.143)

3.3. Cell Toxicity Assay (4, 5-Dimethylthiazole-2-yl, 2, 5-Diphenyl
Tetrazolium (MTT) Assay)

For viability assay, the U87-MG cells were seeded in a
96-well plate with 104 densities per well. After 24 hours,
the cells were incubated with different concentrations of
spironolactone ranging from 0 - 50 µM for 48 and 72 h in
a complete medium. For more confirmation, all the treat-
ments were done in 5 replicates. The DMSO 1% was used
as vehicle control for all experiments. Eventually, MTT so-
lution (final concentration 0.5mg/ml) was added to each
well and after 5 h, the supernatant was removed and the
formazan precipitates were dissolved in 10% DMSO by gen-
tle shaking in the darkness. The optical density was mea-
sured at 570 nm using ELISA Plate reader stat FAX 303 at 570
nm. The absorbance was normalized to the mean of DMSO
1% treated control cells and the percentage of cell viability
was calculated for all wells.

3.4. Flow Cytometric Evaluation of Apoptosis

The apoptotic cell death was measured using the an-
nexin PI staining kit and flow cytometry method. For this
purpose, the U87-MG cells were seeded with a number of
3 × 105 per well in a 6-well plate and after 24 h the cells
were treated with 30 µM of spironolactone or DMSO 1%
for 48 hours in complete culture media. Then the cells
were detached using EDTA- trypsin and were washed. The
cells were stained using annexin an V/PI apoptosis assay
kit (MabTag) according to the manufacturer’s instructions.
Then the cells were analyzed using the flow- cytometry ap-
paratus (BD Accuri™ C6) FL-1 (annexin V) and FL-3 (PI). The
non-stained cells were used to remove the background and
then early (annexin V positive cells) and late (annexin V and
PI positive cell) apoptotic cells or the total apoptotic cells
(early + late) were quantified.

3.5. Caspase Activity Measurement

To confirm the apoptotic cell response, the activities of
caspase 8 and 9 were measured in treated cells. Briefly, the
number of 104 cells per well U87-MG cells was seeded in 96
well plates and then after 24 h, the cells were treated with
30 µM of spironolactone or DMSO 1% for 48 hours in com-
plete culture media. The non-treated cells in this experi-
ment were used as a control for normalization. The R&D
caspase 8 and 9 colorimetric assays were used according
to the manufacturer’s protocol and finally, the absorbance
was recorded at a wavelength of 405nm. The caspase activ-
ity was calculated as % normalized to the activity measured
in non-treated (mock) cells.

3.6. Statistical Analysis

Experimental data was analyzed using SPSS software
version 19 and the P-value ≤ 0.05 was considered as a sig-
nificant level. The normality of data was checked with
the Shapiro-Wilk test and for viability assay, the one-way
ANOVA and LSD post hoc test were used for multiple com-
parisons. For the apoptosis and caspase activity experi-
ments, the student’s sample t-test or Mann-Whitney U and
Kruskal-Wallis tests were when appropriate.

4. Results

4.1. Spironolactone Treatment Decreases Cell Viability of U87-
MG Glioblastoma Cell

To evaluate cellular toxicity, U87-MG cancer cells were
treated with different concentrations of spironolactone
for two different time points of 48 h and 72 h. As de-
scribed before, the cell viability was measured using the
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MTT method. As shown in Figure 1A and B, in both time
points the maximum cytotoxicity (~ 20%) was observed in
30µM spironolactone concentration. Interestingly cell via-
bility percentage significantly decreased in 30µM spirono-
lactone concentration compared to 1% DMSO after 48 h (P-
value = 0.012) and 72 h (P-value < 0.0001) exposure time.

Furthermore, we found dose-dependent toxicity of
spironolactone with a significant more toxic effect for 30
µM spironolactone compared to a lower concentration of
10 µM (for 48 h: P-value = 0.03 and for 72 h: P-value <
0.0001) (Figure 1A and B). Although the 50 µM spironolac-
tone had significant toxicity after 72 h treatment (P-value
= 0.003) compared to the 1% DMSO group, its effect was
not significant in 48 h exposure time. Accordingly, 30 µM
spironolactone was selected as the optimum concentra-
tion for the next experiments. Of notice, in another study,
the same concentrations of spironolactone were tested in
HDF normal cell line and as expected; spironolactone had
no cytotoxicity in normal human dermal fibroblast (data
not shown).

4.2. Spironolactone Treatment Induced Apoptosis in U87-MG
Cells

To evaluate whether cytotoxicity occurred through the
induction of apoptosis, the annexin V/PI staining was used
to measure apoptosis in spironolactone-treated U87-MG
glioblastoma cells. As shown in Figure 2, the percentage of
apoptotic cells (annexin V + annexin V/PI-positive cells) was
increased in U87-MG cells treated with 30 µM spironolac-
tone (Figure 2A). In accordance with the MTT assay which
showed 80% cellular viability, we found around 20% total
apoptotic cell death in cells treated with 30 µM spirono-
lactone which was significantly more than DMSO 1% group
(Student’s t-test P-value = 0.004). Next, we analyzed the per-
centage of early apoptotic cells (annexin V-positive cells)
and late apoptotic cells (annexin V/PI positive cells) sepa-
rately and found that spironolactone toxicity was mainly
related to early apoptosis induction (P-value = 0.03) but not
late apoptosis (P-value = 0.1) (Figure 2B).

The U87-MG cells had about 2% to 4% necrotic cell death
(PI positive cells) in both DMSO and spironolactone treated
cell, which might be related to cellular detachment and
staining process.

4.3. Spironolactone Treated Cells Had Higher Caspase Activity

The apoptotic death mechanism is associated with in-
creased caspase activity. The activity of caspase-8 as an in-
dicator of intrinsic apoptosis pathway and caspase-9 as an
indicator of extrinsic apoptosis response were measured

in mock, DMSO 1%, and 30 µM spironolactone (treatment
time 48 h). Figure 3A shows that spironolactone treatment
increased caspase-8 activity significantly up to an average
of 1.6-fold in U87-MG cells (Mann-Whitney U test P-value
= 0.03 compared to mock or DMSO 1%). The activity of
caspase-9 was also enhanced up to an average of 1.25-fold in
U87-MG cells after treatment with spironolactone 30 µM,
however, it was significant only when comparing to the
mock group (P-value = 0.03) but not to DMSO 1% group (Fig-
ure 3B, P-value = 0.05).

5. Discussion

Briefly, spironolactone is a pharmacologic aldosterone
antagonist which is widely used for clinical conditions,
for instance, high blood pressure and heart failure (10-
12). Spironolactone functions as a diuretic and antihyper-
tensive through competitive binding to the mineralocor-
ticoid receptors in the distal convoluted renal tubule and
increases sodium and water secretion while potassium is
retained (7, 13).

In addition, recent studies have shown the anti-cancer
role of antihypertensive drugs such as spironolactone (14).
Since spironolactone is a lipophilic drug and can cross the
blood-brain barrier (15), hence it can easily access the brain
tumor without limitation; however, its function in brain
tumor inhibition should be investigated.

Recently a novel mechanism has been discovered for
spironolactone as a HDR inhibitor. In a high throughput
screening study, it was revealed that spironolactone can re-
duce HDR through Rad51 foci formation impairment and
inhibits the growth of osteosarcoma U2OS cell (9). Later,
Gold et al. demonstrated that spironolactone can inhibit
U2OS cancer stem cell proliferation in-vitro and in-vivo re-
sulting in to decrease in the size and count of cancer stem
cells (CSCs) in tumors of animal models, suggesting its an-
ticancer role, especially in CSC inhibition (8).

In the present study, we reported a potential new ap-
plication for an old drug, spironolactone, for inhibition
of human glioblastoma U87-MG cancer cells in-vitro. Our
finding illustrated that spironolactone (30 µM) alone has
dose-dependent cytotoxicity and can induce cell death in a
mechanism related to caspase-8/9 and apoptosis induction
in U87-MG cells.

The anti-cancer effect of spironolactone was also re-
ported previously in other cancer cells; however, it was
used in combination with other agents. A study by
Sanomachi et al. reported that spironolactone in com-
bination with gemcitabine and osimertinib increases cell
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Figure 1. Cell viability of U87-MG glioblastoma cells measured by 4, 5-dimethylthiazole-2-yl, 2, 5-diphenyl tetrazolium (MTT) assay after A, 48; and B, 72 h treatment with
different concentrations of spironolactone (µM). The dimethyl sulfoxide 1% was used as a control vehicle. The error bar for each point of concentration represents± standard
error (n = 5).

death and suppresses cell growth by reducing surviving
synthesis in various cancer cell lines including glioblas-
toma CSCs (11). They also indicated this combination was ef-
fective to suppress tumorogenesis in xenograft mice mod-
els without supposed adverse effects (11). In contrast to
previous studies, Aldaz et al. showed an anti-proliferative
effect for mineralocorticoid receptor activation by aldos-
terone in some glioblastoma cancer cell lines but no anti-
neoblastic effect of spironolactone was reported (16). How-
ever, compared to the present study, they used a lower con-
centration of spironolactone (maximum 10 uM) and they
used other glioblastoma cancer cells (T98G, U251, U373,
SF188, A172, LN299) but the U87-MG cell line was not tested
(16). Although Aldaz et al. reported different roles with
proliferation enhancement for spironolactone as a min-
eralocorticoid receptor antagonist in glioblastoma cancer
cells but previous studies have shown that the mechanism
related to the apoptosis induction by spironolactone in a
cancer cell is not through mineralocorticoid receptor an-
tagonism (8, 16).

Indeed, another novel mechanism has been discov-
ered for spironolactone by Leung et al. they showed that
spironolactone can increase NKG2DL expression in col-
orectal carcinoma cell lines by activating the ATM-Chk2-
mediated checkpoint pathway; consequently, promoting
cancer cell targeting by the NK immune cells in vitro (17).
They also reported that the anti-cancer effect of spirono-
lactone is dependent on retinoid X receptor γ (RXRγ) but
not the mineralocorticoid receptor (17). Likewise, Sonder
et al. demonstrated that spironolactone induces apopto-

sis in mononuclear cells, independent of the mineralocor-
ticoid receptor, and possibly through inhibition of the NF-
kb messaging pathway (18).

Furthermore, spironolactone can induce the prote-
olytic degradation of xeroderma pigmentosum group B
(XPB) protein, helicase of transcription factor II-H (TFIIH)
complex, which plays essential roles in both nucleotide ex-
cision DNA repair (NER) and the initiation of transcription.
Thus, spironolactone treatment inhibits NER and chemo
sensitizes platinum derivatives toward tumor cells (19). Re-
garding the important role of TFIIH in transcription initi-
ation and also in DNA repair, it has been postulated that
spironolactone may raise concerns in regard to mutagenic
effect (20).

5.1. Conclusions

Altogether we found the toxic effect of spironolactone
in glioblastoma U87-MG cells in a mechanism dependent
on apoptosis induction, suggesting a new potential ap-
plication for an existing approved drug as an anti-cancer
agent for glioblastoma treatment.

Footnotes
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Figure 2. The apoptotic cell death evaluation of U87-MG cell treated with spironolactone. A, Shows the Annexin V positive cells in FL1-A (X axis) and PI-positive cell in FL3-A (Y
axis) in three groups of non-stain control, DMSO 1% treated and 30 µM spironolactone after 48 h. B, Shows the average of total apoptotic and early or late apoptotic cells in a
bar chart. * Means P-value = 0.03 and ** means P-value = 0.004.
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Figure 3. A, The caspase-8; and B, caspase-9 activity in U87-MG glioblastoma cells treated with spironolactone. Mock means non-treated cells. DMSO 1% was used as vehicle
control and the treatment time was 48 h. * Means P-value < 0.05.
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