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ABSTRACT
In breast cancer treatment, chemotherapy resistance is a major problem where many receptive tumors rebound and develop 
resistance. When provided in combination, cancer drugs are most successful, thus reducing the risk of developing resistant 
cancer cells. However, the evaluation of combination therapies has increased rapidly in recent years. Consequently, by 
repurposing old treatments, the discovery of additional medicines that may interact synergistically with chemotherapy is 
considered a current medical aim through discovering a new cancer medication or therapeutic strategy. The purpose of 
this research is to increase the anti-cancer activity of carboplatin (CP) by increasing the apoptotic effect of breast cancer 
cells (MCF-7) during in vitro experiments in combination with oxytetracycline. Our results showed a high synergistic 
effect between oxytetracycline and carboplatin, MCF-7 representative cell treated with carboplatin with/without different 
concentrations of oxytetracycline (5% and 10% of IC50). Oxytetracycline, which potentiated the action of carboplatin 
and/or had notable activity was reported as a single agent. This research demonstrated the synergistic relationship 
between oxytetracycline and carboplatin in viability assays. Surprisingly, our findings suggest that inhibiting treatment 
strategies can extend carboplatin’s therapeutic window, potentially allowing for cancer therapy.
Keywords: Carboplatin. Oxytetracycline. Breast cancer cells (MCF-7). In vitro assay. Chemotherapy.

RESUMO
No tratamento do  câncer de pulmão a resistência à quimioterapia é o maior problema no qual muitos tumores receptivos 
apresentam um rebote e desenvolvem a resistência. Quando oferecidas em combinações, as drogas anticancerígenas 
apresentam maior taxa de sucesso, reduzindo assim o risco de desenvolvimento de células cancerígenas resistentes. Contudo, 
a avaliação das terapias de combinação tem crescido muito rapidamente. Consequentemente, por reaproveitamento 
de tratamentos antigos, a descoberta de novos medicamentos adicionais que podem interagir sinergicamente com a 
quimioterapia que é considerada como  auxílio médico na corrente busca à descoberta de novas medicações anticancerígenas 
ou estratégias terapêuticas. O propósito da presente pesquisa é aumentar a atividade anticancerígena da Carboplatina (CP) 
pelo incremento do efeito apoptótico de células de câncer pulmonar (MCF-7) em experimentos in vitro pela combinação 
com oxitetraciclina. Os resultados obtidos confirmaram elevado efeito sinérgico entre oxitetraciclina e Carboplatina em 
células MCF-7 representativas tratadas com Carboplatina, com e sem diferentes concentrações de oxitetraciclina (5% 
e 10% de IC50). A oxitetracilina que potencializou a ação da Carboplatina e/ou  teve uma notável atividade relatada 
como um agente isolado. A pesquisa demonstrou a relação sinérgica entre oxitetraxiclina e Carboplatina nos ensaios 
de viabilidade. Surpreendentemente, os resultados obtidos sugeriram que as estratégias de tratamento inibidor podem 
aplicar um janela terapêutica da Carboplatina com potencial para a terapia do câncer.
Palavras-chave: Carboplatina. Oxitetracilina. Células de câncer pulmonar (MCF-7). Ensaio in vitro. Quimioterapia.
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Introduction
Drug resistance remains the most significant barrier to 

cancer patients achieving cures. Most chemotherapy drugs 
target rapidly dividing cancer cells by interfering with the 
synthesis of DNA. Although potent, many of these compounds 
are nonspecific, causing damage to normal tissue, and 
leading to a high rate of mortality among cancer patients. 
Chemotherapy treatment responses are also influenced 
by the increase in drug resistance (Alfarouk et al., 2015; 
Jin  et  al., 2020). As a consequence, drug combinations 
became a new model for cancer care, resulting in the 
development of highly complicated regimens (Vasan et al., 
2019). Furthermore, there are a variety of approaches to dose 
intensity, including shorter chemotherapy administration 
intervals (Gray et al., 2019; Narayan et al., 2020). Recently, 
progress in the design of repurposing compounds, combined 
with increased knowledge of tumor biology, has resulted 
in improved therapeutic cancer therapy (Rudrapal et al., 
2020; Yadav & Talwar, 2019). Also, drug repositioning takes 
fewer funds and efforts than finding alternative indications 
for an existing drug or a failed drug. Chemoresistance is 
described as the insensitivity of cancer cells to therapy, 
which is considered a major cause of anti-breast cancer 
chemotherapy failure (Ji et al., 2019). Despite several attempts 
to improve the sensitivity of current chemotherapeutic 
drugs and resolve drug resistance in breast cancer, the 
results remain unsatisfactory. Breast cancer treatment 
needs optimum clinical effectiveness. Patients could get 
the most benefit from their treatment when significantly 
reducing recurrence, resistance, and adverse effects, as 
well as maintaining a healthy quality of life, attributable to 
a carefully selected combination of treatment modalities 
(Fisusi & Akala, 2019).

Material and Methods
Growth medium of MCF-7 breast cancer cells line. 

Mammary adenocarcinoma cell lines (MCF-7) were 
grown in DMEM/F12 media supported with antibiotics 
(50 IU/mL penicillin and 50 g/mL streptomycin) enriched 
with 10% newborn calf serum (Life Technologies, Grand 
Island, NY, USA). The cells were held in a humidified inside 
environment at 37°C with 5% CO2.

MTT assay for the viability of cells. When the cells 
reached semi-confluent of 75% flask, they were detached by 
10% of trypsin and then resuspended in completed media. 
After that they were plated onto a plate of 96-wells. After 
seeding, the cells were incubated for 24 h and the samples 
of plated cells were handled in duplicate through media 
containing 1 to 100 M carboplatin with/without a fixed dose 
of oxytetracycline (5% and 10% of IC50), cells were exposed 
to drugs for 72 h. Sargent and Taylor’s MTT cell viability 
assay was used (Ulukaya et al., 2004). MTT reagent was 
added to each well at a final concentration of 0.5 mM, and 
the cells were incubated in an incubator set at 37°C with 
5% CO2 for 3 h. Then the cells dissolved in 200 L of DMSO 
after the MTT solution was collected. The cell cytotoxicity 
of stain was measured by using a microplate reader set to 
570 nM for each experiment used in this study. The data 
were standardized to the number of viable cells in each well, 
which represented the number of untreated control wells.  

Viability and cell survival Testing (live/dead® cytotoxicity/
viability kit): - Calcein AM and ethidium homodimer1 reagents 
are the main components of the assay kit (Thermo Fisher 
Scientific). Calcein AM detects intracellular esterase activity 
and cell membrane integrity, indicating the presence of 
live cells. Enzymatically transforming calcein AM to green 
fluorescent calcein is considered the main achievement, 
while the red fluorescent dye ethidium homodimer-1 binds 
to the nucleic acids of membrane-damaged cells, creating 
a bright red fluorescence that indicates the presence of 
dead cells. Both reagents were combined with PBS at the 
following ratios to make a live/dead staining solution: Samples 
were stained with 1:200 calcein AM and 1:50 ethidium 
homodimer-1 in PBS, washed 2-3 times in PBS and incubated 
with the live/dead staining solution for 30 min at room 
temperature while shielded from light. The dye solution 
was then washed away, and the samples were washed 
2-3 times with PBS. Green and red fluorescence were used 
as indicators of live/dead cells in confocal microscopy to 
evaluate cell viability. Consequently, the percentage of cells 
was calculated by counting the live and dead cells in each 
sample’s specific region. The cell counting technique used 
Image J software(Younus, 2019).
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Trypan blue assay: Seeding of cells in 12-well plates and 
incubated overnight before being exposed to the drugs for 
72 h as directed. The supernatant medium was removed 
from the cells and trypsinization was used to separate 
the cells to determine viability. After cells detachment, 
they were mixed with their supernatants for each sample 
separately. Then the suspension was centrifuged at 150 g 
for 3 min. As consequence, the supernatant was removed 
and the pellet was resuspended with 0.5 mL of a new 
medium. Finally, by mixing 0.4 percent (v/v) dye trypan blue 
(Sigma-Aldrich) with an equal amount of cell suspension, 
the viable and non-viable cells were counted under light 
microscopy by using a Neubauer hemocytometer (Jawad, 
2020). The viability percentage was calculated using the 
following metrics:

( )
%       100 /

         
Viability number of viable cells x

number of dead cells number of live cells
=

+
 (1)

Results
The activity of oxytetracycline evaluated on the breast 

cancer cell line: - In cell growth assays of breast cancer cells, 
the anticancer activity and potency of oxytetracycline were 
evaluated, and the IC50 was 64.4 μM, which was calculated 
as a single agent for growth inhibition reported three times 
(n=3., S.D) (Figure 1).

Confirmation of carbpoplatin’s antiproliferative activity 
when combined with fixed oxytetracycline doses.

To determine carboplatin’s activity when combined with 
oxytetracycline. MCF-7 cells were exposed for 72 h to indicate 
the concentrations of carboplatin alone and in combination 
with a fixed concentration of oxytetracycline (Figure 2), 
then the cells were stained with MTT. The oxytetracycline 
concentrations used in cell growth assays were those that 
had a 5% and 10% effect on their own (referred to as f.a. 
(fraction affected) = 5% (13.94 μM) and 10% (15.62 μM).

Proliferation and viability of cells. After 72 h of cell 
culture, the prevalence of viable versus dead cells was 
determined by live/dead staining samples of seeded cells. 
The sample was repeated at each concentration. Green and 
red fluorescence under confocal microscopy were used as 
indicators of live/dead cells to measure cell viability. In each 
sample’s specific area under confocal, the percentage of 
viable and dead cells was calculated.

The results showed a combination effect of carboplatin with 
oxytetracycline as a synergistic activity in cell lines assessed 
at the concentration fraction of oxytetracycline evaluated 
(Figures  3, 4). These data indicate that oxytetracycline 
could be an effective choice for combining with carboplatin, 
which led to further studies focusing on this combination.

Cell viability assay (trypan blue) after treatment 
strategy of combination drugs

Trypan blue staining (Figure 5) was used to support 
the previous findings and that the drug combinations 
triggered the cell death effect of the drug combinations on 
cell viability. After the cells displayed synergy during cell 
growth assays, these experiments were carried out. Synergy 
was observed in both of the oxytetracycline concentrations 
tested. The results revealed more cell death than would be 

Figure 1 – The figure shows the effects of oxytetracycline on 
MCF-7 cell lines calculated by graph pad prism 
(version 9) after 72 h of exposure to a range of 
oxytetracycline concentrations. the number of surviving 
cells was determined by using the MTT assay and the 
IC50 64.4 μM. The results of the cytotoxicity experiment 
are repeated three times. Control sampling is indicated 
by the letter “C” on the x-axis.

Figure 2 – The figure shows measuring the cytotoxic effect of 
breast cancer cell lines (MCF-7). The combination 
between oxytetracycline and carboplatin was counted 
by graph pad prism (version 9), after exposing the cells 
to a variety of carboplatin concentrations for 72 h. 
The MTT reagent was used to estimate the number 
of surviving cells. create dose-response curves by 
using curve fitting. The results are repeated three 
times (mean SD, n 3), and expressed as a portion 
of the top of the curve in each experiment. Control 
sampling is indicated by the letter “C” on the x-axis 
and the percentage of cells affected by oxytetracycline 
is marked by the numbers 10% and 20%.
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expected if the drugs were combined additively. The Bliss 
independence criterion was used to estimate the effect if 
the drugs were combined additively.

Discussion
Cancer is one of the main causes of death worldwide 

(Zhang et al., 2020). Resistance is now one of the most 

Figure 3 – The figure shows the proliferation and viability of MCF-7 cells counted (dead cells to live cells) after 72 h of treatment. 
The untreated cells (A) were used as a control or treated with the IC50 of carboplatin (36.41 µM) for 24 h (B), 5% f.a. 
oxytetracycline only (C) or 5% f.a. oxytetracycline only with carboplatin (D). Live cells are green and dead is red. The 
results are representative of three experiments. The images were taken by confocal microscope with a 100 μm scale.

Figure 4 – The figure measures dead cells after 72 h of treatment 
of MCF-7 cells. Cells were treated with carboplatin 
at IC50 (36.41 μM) with/without 5% (13.94 μM) 
oxytetracycline IC50. Untreated cells were used as a 
control for the drugs’ potential effects on cell number 
concerning the number of survival cells. The results 
were repeated three times (n=3, mean + SD). The 
results in cells treated with drug combination were 
significantly different from carboplatin alone (paired 
t-test; *, P< 0.05; **, P< 0.01).

Figure 5 – The figure shows the combined effect of oxytetracycline 
with carboplatin on breast cancer MCF-7 cell lines. The 
cells were exposed to carboplatin with a dose of IC50 
(36.41 μM) with/without affected concentration of 5% 
(13.94 μM) and 10% (15.62 μM) from oxytetracycline 
IC50. After repeating the experiment three times, the 
number of dead cells was determined by staining with 
trypan blue. The percentage (%) of viable cells to 
dead cells is counted under light microscopy. Samples 
exposed to the combination showed significantly more 
dead cells than would be anticipated if the drugs acted 
additively by using the Bliss independence criterion 
((paired t-test; *, P< 0.05; **, P< 0.01; *** P< 0.001).
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difficult problems of cancer treatment. Resistance is found 
in all kinds of cancer and all treatments, such as molecularly 
targeted therapy, immunotherapy, and chemotherapy. As a 
result, cancer treatment uses multidrug regimens to increase 
efficacy and reduce the high drug doses needed (Wang et al., 
2019). Besides that, cancer is a diverse form of the disease 
with a variety of pathogenesis and molecular pathways 
(Montemagno & Pagès, 2020). Therefore, targeting several 
pathways to inhibit tumor growth and enhance survival 
is advantageous. The creation of new drugs, increasing 
technological advances and expanded understanding of 
the human neoplastic disease are creating opportunities to 
reduce the death rate from cancer (Hopkins, 2009; Nowak-
Sliwinska et al., 2019; Zhang et al., 2020). Patients will have 
better access to medications because of drug repurposing, 
which will again lower costs during the lengthy and 
complicated treatment process. In contrast, repurposing 
is time-consuming and inefficient due to the thousands of 
existing drugs and diseases, as well as the heterogeneity of 
patients and diseases, especially cancers (Bertolini et al., 
2015; Nowak-Sliwinska et al., 2019). This study found that 
combining carboplatin with oxytetracycline can increase 
the cytotoxic activity of the drug carboplatin, currently 
used to treat breast cancer. Although researchers studied 
oxytetracycline as a potential additive to carboplatin, 
oxytetracycline, like carboplatin, inhibited the growth 
of breast cancer cell lines as a single agent, but it was less 
effective than carboplatin.

Using different assays in the MCF-7 cell line, oxytetracycline 
improved synergistically with carboplatin in inducing apoptosis. 
Oxytetracycline potentiated carboplatin’s activity in inducing 
cell death, as measured by estimating live/dead cell viability 
and counting cell viability under the light microscope by cell 
staining with trypan blue. Furthermore, all treated cells showed 
significant morphological microscopic changes. The cooperation 
between carboplatin and oxytetracycline observed by using 
different assays lend and supports this observation.

The studies presented here did not address the mechanistic 
rationale for the cooperation between carboplatin and 
oxytetracyclines. Carboplatin causes cell death by inhibiting 
replication and transcription (Sousa et al., 2014). On the other 
hand, oxytetracycline has not shown a significant impact on 
cancer replication or transcription. The mechanism underlying 
the cooperation between these two drugs is unlikely to be 
this one. However, it provides a strong indicator of synergism 
for clinical application. Interestingly, tetracyclines interfere 
with several pathways which contribute to cancer cell growth 
including a) inhibition of protein synthesis of mitochondria; 
b. inhibition Matrix of metalloproteinase; c) function as an 
angiogenesis inhibitor; d) eradicate the stem cell of cancer; e) 
tumor downregulation of DNA-PK, and reduce sensitization 
(Koltai, 2015). Consequently, oxytetracycline has already been 
investigated as an anti-cancer agent by other researchers, 
which could help in understanding the basis for carboplatin-
oxytetracycline cooperation. Oxytetracycline had a similar 
effect on rat liver regeneration as tetracycline, indicating 
that the mitochondrial translation process was involved in 
the production of functionally active cytochrome C oxidase 
(Koltai, 2015). Oxytetracycline, on the other hand, has a 
negligible effect on hemopoietic cell proliferation, except 
for T lymphoid cells, whose division is inhibited (Van Den 
Bogert & Kroon, 1982). Our findings indicate the need for 
further research into the oxytetracycline and carboplatin 
combination.
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