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Cytotoxic effect of tempol on human osteosarcoma

Abstract

Background and purpose: In addition to the antioxidant activity of 
tempol, its high concentrations also act as a pro-oxidant that prevents the 
growth of cancer cells. The objective of our study is to determine if tempol 
exhibits cytotoxic properties that can be utilized in the cure of osteosarcoma.

Materials and methods: The human SCC-25 cell-line was provided 
from the American Type Culture Collection (ATCC) via cell culture. The 
cells were subjected to a 4 mM concentration of tempol for a duration of 48 
hours. The cells were subjected to centrifugation, and the resulting liquid 
portion, known as the supernatant, was collected. The assessment of cell 
viability was conducted using the MTT test. The Bradford technique was 
employed to quantify the total protein content. The ELISA method was used 
to evaluate the expression and functionality of cleaved bax, caspase-3, and 
bcl-2. An unpaired Student's t-test was used to confront the parameters of 
the experimental and control groups. 

Results: Bax, bcl-2 and cleaved caspase-3 levels in the control groups, 
respectively; It was determined as 1.035±0.1121, 7.083±0.8002 and 
0.8017±0.2342. Bax, bcl-2 and cleaved caspase-3 levels in tempol applied 
groups were determined as 4.667±0.7601, 1.833±0.4766 and 
8.018±0.8563, respectively. 

Conclusion: As a result, tempol can be evaluated as an antitumor agent 
in the treatment of osteosarcoma with its cytotoxic effect.

INTRODUCTION

Osteosarcoma (OS) is a primary malignancy that primarily impacts 
the skeletal system and tends to occur in individuals within the 

age range of children, teenagers, and young adults (1). OS is abnormal 
bone growth arising from mesenchymal tissue (consisting of spindle-
shaped stromal cells) (2, 3). It is more common in the metaphysis of long 
tubular bones. The majority of patients are present with only a single 
lesion (3). The formation of osteosarcoma is influenced by a combination 
of genetic, epigenetic, and environmental variables that facilitate the 
differentiation of mesenchymal stem cells into bone precursor cells. 
These molecular pathways could serve as the foundation for the creation 
of novel therapeutic alternatives for this tumor (2).

New drugs that can end the malignant behavior of cells are also 
needed in the treatment of osteosarcoma (4). Tempol (4-hydroxy-2,2,6,6 
tetramethylpiperidine-N-oxyline) is a fixed nitroxide radical, water-
soluble superoxide dismutase mimetic agent that is cell membrane per-
meable (5-7). Tempol (TPL) counteracts the impact of superoxide radi-
cals and directly interacts with carbon-centered and peroxy radicals (5), 
therefore hindering the conversion of hydrogen peroxide into hydroxyl 
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radical (5, 8). Therefore, Tempol reduces oxidative stress 
by reducing the release of oxidant free radicals (8). Tempol 
protects cells from damaging effects such as oxidative 
stress and liver toxicity resulting from inflammation (8, 
9). Tempol is used to treat cancers that depend on the 
generation of reactive oxygen species (ROS) in the sur-
rounding microenvironment (10).

Cytotoxicity is a phenomenon that causes varying de-
grees of damage to cells depending on the dose of the drug 
and the duration of exposure. End of research, determin-
ing the amount of live/dead cells is the most important 
part of the experimental cytotoxicity study (11).

Apoptosis is a programmed cell death process that is 
essential for maintaining the balance and stability of an 
organism (12). Caspase-3, a crucial component in the 
process of programmed cell death, is a key focus of cancer 
treatment. Once activated, caspase-3 initiates the activa-
tion of death protease and subsequent degradation of 
proteins, and the cycle results in apoptosis (13, 14). The 
bax/bcl-2 ratio the expression of caspase-3 is linked to the 
ratios of RNA and protein (14). The bcl-2 and bax pro-
teins are key members of the bcl-2 protein family, and 
they have a crucial function in controlling apoptosis. Bax 
is a protein that enhances apoptosis, while bcl-2 is a pro-
tein that prevents apoptosis from occurring (12).

This survey aims to find the potential cytotoxic effects 
of tempol as a therapeutic approach for human osteosar-
coma.

MATERIALS AND METHODS 

Cell culture

The human SCC-25 cell-line was acquired from the 
ATCC. The squamous cancer cells were cultivated using 
Ham's F12 medium and Dulbecco's Modified Eagle's 
Medium (DMEM) (Gibco). The medium contained 15 
mM HEPES (2-[4-(2-hydroxyethyl) piperazin-1-yl] eth-
anesulfonic acid), 1.2 g/L sodium bicarbonate, 2.5 mM 
L-glutamine and 0.5 mM sodium pyruvate (HyClone). 
Additionally, the medium was enhanced with 10% fetal 
bovine serum (FBS) and 400 ng/ml hydrocortisone (Hy-
Clone). The cells were cultured in a controlled environ-
ment with high humidity at a temperature of 37°C, with 
a CO2 concentration of 5% (15).

Cell homogenization

A population of cells, with a density of 5 × 104 cells 
per square centimeter, was subjected to a concentration of 
4 mM tempol (Sigma-Aldrich) for a duration of 48 h. The 
cells were bathed with phosphate buffer saline (PBS) and 
then broken down in radio-immunoprecipitation assay 
(RIPA) buffer (containing 0.5% TritonX-100, 1mmol/L 
dithiothreitol, 20 mmol/L EGTA, 1 mmol/L Na3VO4, 
50 mmol/L Tris–HCl [pH 7.4], 25mmol/L NaF and 150 

mmol/L NaCl) for 15 minutes on ice. The combination 
was then centrifuged at 15000 rpm for 20 minutes, result-
ing in the separation of the liquid fraction (supernatants) 
from the solid fraction (pellets), which was subsequently 
discarded (15).

Cell viability assay (MTT assay)

The viability of SCC-25 cells was evaluated using the 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide, Sigma) assay. Cells were seeded in 96-well 
plates at a density of 1 × 104 cells per well. After 48 h of 
exposure to a combination of varying concentrations of 
tempol (2, 4, and 8 mM), the cell culture medium was 
removed. Then, cells were treated with 100 μL of MTT 
solution (dissolved in 0.5 mg/mL DMEM) and incubated 
at 37 °C with 5% CO for 2 h. The MTT solution was 
then discarded and 100 μL of DMSO was added to each 
well. Optical density (OD) was measured at 550 nm using 
a microplate reader (EL800, Bio-Tek Instruments, Inc.). 
Viability was calculated by determining the ratio of the 
mean OD from each measurement result to that of the 
control group (15).

Enzyme linked immunosorbent assay 
(ELISA)

The expressions of bcl-2 and bax proteins (Abcam) and 
activity of cleaved caspase-3 were analyzed using enzyme-
linked immunosorbent assay (ELISA) kits in line with the 
manufacturer’s protocols (15).

Statistical analysis

The significance of differences in MTT levels and pro-
tein expressions between the groups was evaluated using 
Student’s t-test. The data is shown as the mean value ac-
companied by the standard error of the mean (SEM), 
denoted by ±. Statistically P < 0.05 is significant.

RESULTS

Figure 1 depicts the outcomes of cell viability (%) 
when SCC-25 cancer cells were subjected to different lev-
els of tempol (2, 4, and 8 mM) for a 48h period. It is 
evident that higher doses of tempol resulted in a notable 
decrease in cell proliferation compared to the control 
group after the 48h time frame (*P < 0.05).

The experiment involved subjecting SCC-25 cancer 
cells to a concentration of 4 mM of tempol for a duration 
of 48 hours. The control group comprised untreated SCC-
25 cancer cells. The 48-hour IC50 dose of tempol in SCC-
25 cancer cells was found to be 114.3733 μg/mL. Cleaved 
caspase-3 levels were determined as 0.8017±0.2342 (con-
trol) and 8.018±0.8563 (tempol). Bax levels in the control 
and tempol applied groups were found to be 1.035±0.1121 
and 4.667±0.7601, respectively. The administration of 
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tempol resulted in a significant rising in the levels of 
cleaved caspase-3 (Figure 2) and bax (Figure 3) in SCC-25 
cancer cells, as confronted to the control group (P < 0.05).

Conversely, the application of tempol led to a notable 
falling in the levels of the bcl-2 (Figure 4) in SCC-25 
cancer cells, confronted to the control group (P < 0.05). 
Bcl-2 levels were determined as 7.083±0.8002 and 
1.833±0.4766 in the control and tempol groups.

DISCUSSION

Osteosarcoma is the prevailing kind of bone malig-
nancy, and the available therapy choices are restricted. 
Neoadjuvant chemotherapy with surgical resection has 
become the standard treatment (16). Apoptosis is an im-
portant physiological process that maintains cellular ho-
meostasis by eliminating cells with bad characteristics 
(17). Several anti-tumor medications demonstrate cyto-
toxic properties by inducing apoptosis in cancer cells (4). 
Tempol initially affects the mitochondrial membranes of 
both lung cancer and normal cells before inducing apop-
tosis. Tempol is a compound that undergoes a redox cycle 
and helps in the metabolism of ROS by quickly switching 
between different forms: nitroxide, hydroxylamine, and 
oxoammonium cation. As a result, depending on its quan-
tity within cells, tempol might potentially engage in redox 
reactions (7). Cell death caused by Tempol is related to 
elevated amounts of ROS within the cells (18). Tempol 
toxicity causes disruption of mitochondrial function, and 
with the resulting increase in ROS production, oxidative 
stress is induced and a process that results in apoptosis 
occurs in the cell (7). In cancer cells, decreased bax ex-
pression and/or bcl-2 overexpression leads to cells escap-
ing apoptosis and continuing to proliferate (12). Compre-
hending the correlation between bax and bcl-2 is crucial 
for the advancement of therapies that can reinstate regu-
lar apoptic control and provoke the demise of cancerous 
cells (12, 19). An imbalance resulting from the dysregula-
tion of bax and bcl-2 can decrease caspase-3 activity and 
contribute to resistance to apoptosis (20).

Our study demonstrates that tempol induces cytotox-
icity in bone tissue, leading to an increase of bax expres-
sion and cleaved caspase-3 activity, likewise a decrease of 
bcl-2 expression. This showed that tempol induced apop-
tosis in cancer cells and had a cytotoxic effect on osteo-
sarcoma cells. Different studies have stated that the use of 
tempol alone and/or in combination with other cancer 
drugs suppresses proliferation in cancer cells and may be 
effective in cancer treatment by increasing apoptosis (7, 

Figure 1. Viability levels in SCC-25 cancer cells following the ad-
ministration of increasing doses of Tempol. (n = 7, mean ± SEM) 
(*: for control P < 0.05).

Figure 2. Cleaved caspase-3 levels (Pcc3 < 0.0001) in SCC-25 cancer 
cells. (n = 7, mean ± SEM) (*: for control P < 0.05).

Figure 3. Bax levels (Pbax=0.0002) in SCC-25 cancer cells. (n = 7, 
mean ± SEM) (*: for control P < 0.05).

Figure 4. Bcl-2 levels (Pbcl-2 = 0.0002) in SCC-25 cancer cells. (n = 
7, mean ± SEM) (*: for control P < 0.05).
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21-23). The study conducted by Zou et al. determined 
that deoxyelephantopin (DET) triggers apoptosis in os-
teosarcoma cells by generating ROS, impairing mito-
chondrial activity, and activating caspases (4). Our and 
Zou et al. studies also showed that the active substances 
used had cytotoxic effects on cancer cells with similar 
mechanisms of action (4).

CONCLUSION

This work demonstrates that administering tempol as 
a premedication substantially enhances the cleaved cas-
pase-3 expression and bax/bcl-2 ratio, leading to apopto-
sis and exerting a cytotoxic impact on tumor cells. The 
results of our study support the potential use of tempol as 
an anticancer drug for treating osteosarcoma.
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