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INTRODUCTION
Cancer is a disease that claims the lives of approximately ten mil-
lion people a year worldwide. The biggest challenge we face in 
cancer treatment today is the lack of anticancer drugs with high 
efficacy, broad-spectrum and low side effects. In this respect, in-
novative approaches in drug development are extremely import-
ant. In the light of advances in molecular biology, drug develop-
ment studies against cancer have gained momentum all over the 
world, although the discovery and development of anticancer 
drugs are progressing slowly. It is aimed to create clinical para-
digms around the world in anti-cancer drug development. Global 
participation and cooperation in this area is supported (Jauregui 
DL, et al., 2020).
Cancer is an important problem that has serious effects on the 
health system. Despite advances in diagnosis, prevention meth-
ods, and treatments, it still affects millions of people all over the 
world. Because ovarian cancer is the most common cause of 
gynecological cancer deaths, it has a very important place in gy-
necological oncology. Ovarian cancer is the fifth most common 
malignancy among cancers seen in women. It ranks fourth in can-
cer deaths in women. Every year, more than 295,000 new ovarian 
cancer diagnoses are made, and this type of cancer causes more 
than 184,000 deaths worldwide. In ovarian malignancies, which 
have an extremely important place in terms of general women's 
health, the main treatment is surgery and subsequent chemother-
apy. cisplatin, carboplatin, cyclophosphamide, and paclitaxel are 
effective drugs alone against ovarian cancer. Among these drugs, 
the combination of platinum with taxanes is preferred (Visconti 
RM and Morea D, 2019; McMullen M, et al., 2021; Kumar BS, et 

al., 2018; Bray F, et al., 2018).
Cell culture is a versatile system frequently used in scientific re-
search. Its advantage is uniformity and repeatability. Cell culture 
includes methods that allow prokaryotic and eukaryotic cells 
to develop under physiological conditions. Cell culture is most 
commonly used for examining cell biology, researching disease 
mechanisms, and drug research. Cell culture is used to examine 
the metabolism and toxicity of drugs developed due to ethical and 
economic concerns. Cell culture is considered to be the most re-
liable method in drug studies and in vitro research. In addition, 
studies on the interaction of drugs with each other are also carried 
out in cell culture (Jaroch K, et al., 2018; Segeritz CP and Vallier 
L, 2017).
Combination therapy is a treatment method that combines more 
than one agent used in treatment. Combination therapy is one of 
the most important weapons in cancer treatment today. Com-
pared to the use of one agent alone, the use of more than one agent 
together increases the effectiveness of the treatment by showing 
a synergistic effect. Other benefits of this application are reduc-
tion in drug resistance and metastasis development. Combination 
therapy also has effects such as arresting the mitosis potential of 
cells and inducing apoptosis. Five-year survival is low for many 
types of cancer. The development of drugs to be used in this field 
is an economically demanding and less time-consuming process. 
For these reasons, a tendency has been made towards cost-ef-
fective, time-consuming, and prolonged survival practices. As 
a result of this orientation, combination therapies are preferred 
among today's cancer treatment approaches (Mokhtari RB, et al., 
2017). 

ABSTRACT
Background: Ovarian cancer is the most common 
cause of gynecological cancer deaths; it has a very im-
portant place in gynecological oncology. Combination 
therapy is a treatment method that combines more than 
one agent used in treatment. Today it is one of the most 
important weapons in cancer treatment. In this study, 
the aim was to examine the sole and combined effects 
of classical CT drugs and ATRA on Ovcar-3 cells in vitro.
Methods: To determine the effects of carboplatin, pacl-
itaxel, and ATRA on Ovcar-3 cells, MTT, DAPI staining, 
caspase-3 and real-time PCR analyses was performed.

-
clitaxel+carboplatin+ATRA significantly decreased cell 
viability at all doses on all days. DAPI staining showed 
apoptosis. In apoptotic cells, it was observed that the 
nuclei strangulated, divided into small pieces, and con-
densed. Among the combinations, the highest increase 
in caspase-3 activity was recorded with the combina-
tion of ATRA+paclitaxel. It was observed that combined 

applications do not have a reduction effect on gene ac-
tivations as much as single applications.

Conclusions: In this study, ATRA and other agents sole 
and in combination showed significant anticancer ef-
fects in MTT, DAPI Staining and Caspase-3 analyses 
in Ovcar-3 cancer cell lines. In Real-Time PCR analysis, 
ATRA and other agents showed similar anticancer ef-
fects when applied alone. However, the same effect 
was not observed when agents combined and this is 
different from some results in the literature. Research-
ing this subject with new studies will contribute to the 
literature.
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There are many studies conducted to find effective drugs in the treat-
ment of ovarian cancers. Studies conducted for this purpose show that 
All-Trans-Retinoic Acid (ATRA), a natural retinoid, stops the growth of 
cancer cells. ATRA is a physiologically active metabolite of vitamin A. The 
Insulin Receptor Substrate-1 (IRS-1) factor is known to trigger prolifera-
tion in various tumor types. Some studies have shown that ATRA has a 
potential role in suppressing gynecological cancer cells. It was found that 
IRS-1 protein levels decreased by suppression in cells treated with ATRA 
(Costantini L, et al., 2020).
In this study, the aim was to examine the sole and combined effects of clas-
sical CT drugs (carboplatin and paclitaxel) and ATRA, a natural retinoid, 
on Ovcar-3 cells by applying in vitro tests. For this purpose, cytotoxic and 
apoptotic effects of combined therapy were examined. The examination 
was carried out with the Tetrazolium Test (MTT assay), which is based 
on the measurement of mitochondrial activity. Apoptotic effects were ex-
amined by DAPI staining and caspase-3 Elisa colorimetric kit test, which 
showed changes in nuclear DNA. In addition, the expression of IRS-1, Ki-
nase Inhibitor-67 (Ki-67), Vascular Endothelial Growth Factor (VEGF), 
and Cyclooxygenase-2 (COX-2) genes were investigated by Real-Time 
PCR.

MATERIALS AND METHODS
Preparation of materials
Glass and plastic materials and liquid solutions used in the studies were 
kept in an autoclave at 121°C for 20 minutes at 1.5 atm/Hg pressure, 
and at 180°C for 2 hours in a sterilizer. Some liquid chemicals used 
were passed through a 0.2 mm spaced cellulose nitrate filter. 

Preparation of drug dosages
Drug doses were prepared by dissolving ATRA, paclitaxel, and 
carboplatin in DMSO (1:40 ratio). Doses were used as soon as they 
were prepared. The doses to be used were determined using the infor-
mation obtained from literature reviews.

Cells
Ovcar-3 cells were purchased from American Type Culture Collection 
(ATCC). Ovcar-3 cells were grown in 20% Fetal Bovine Serum, peni-
cillin-streptomycin, sodium bicarbonate, MEM Non-essential amino 
acid solution, RPMI 1640 medium at 37°C in a medium containing 

MTT assay
To determine the cytotoxic effects of carboplatin, paclitaxel, and ATRA 
on Ovcar-3 cells, MTT [3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide] analysis was performed. After determining the 
viability of the cells by Trypan Blue staining, the cells were counted 
with Thoma slide and cultured in 96-well plates at 5  104 cells per 
well for 24 hours. At the end of this process, the medium in the wells 
was emptied and the media containing different concentrations of test 
substances were placed in the plates. At the end of the incubation per-
iod, the media were removed from the treated cells for the periods de-
termined by the test substances (24 hours, 24, and 48 hours, 72 hours). 
The cells were incubated with 5 mg/ml-1 MTT solution for two hours 
to convert the MTT dye to the water-insoluble formazan salt. At the 
end of this period, MTT dye was removed from the cells. 0.1 ml DMSO 
was added to each well to dissolve the formazan salts formed by living 
cells. Optical densities of the cells in the plates were read on an ELISA 
device (Spectra max 340 PC Molecular Devices, LLC USA) at a wave-
length of 570 nm. The viability rates of the test cells are expressed as 
a percentage, assuming the control cell viability rate not treated with 
the test substance as 100%. Experiments in which cells were planted in 
parallel for each dose of test substance in experiment sets were repeat-

ed three times independently of each other. IC50 doses determined by 
applying the agents alone were used in combinations. SPSS program 
was used in the statistical evaluation of the results of MTT experiments 
and the significance levels of the obtained data were determined by ap-
plying one-way ANOVA and Tukey test as a post-hoc. The significance 
limit was determined as p<0.05.

Apoptosis assay
-

of carboplatin, paclitaxel, and ATRA doses determined as a result of 
the MTT assays on Ovcar-3 cells. Cells were seeded into six-well plates 

At the end of this period, the medium in the wells was removed. The 
effective doses of the agents determined as a result of the cytotoxicity 
tests were applied to the cells adhered on the lamellae for 12 hours. The 
medium was then removed from the wells, lamellas were washed with 
sterile phosphate buffer solution (PBS: 137 mM NaCl, 2.7 mM KCl, 15 

37°C in 3.7% paraformaldehyde solution dissolved in PBS. After de-
tection, lamellas were washed 3 times with PBS and incubated for 30 
minutes at 37°C with 1 mg/ml 4'6-Diamidino-2 Phenylindole (DAPI) 
in a dark environment. The lamellas were then washed with PBS and 
capped and photographed under a fluorescent microscope. 

the company from which the caspase-3 kit was purchased to collect the 
cell contents and analysis was performed. As a result of the analysis, the 
plates were read with an Eliza microplate reader at a wavelength of 405 
nm (R and D systems, Inc. 1-800-343-7475). In the statistical evalua-
tion of the results, the SPSS program was used and the significance lev-
els of the obtained data were determined by applying one-way ANOVA 
and post-hoc Tukey test. The significance limit was accepted as p<0.05.

Real-Time PCR
 104 

cells and incubated for 48 hours. Following the incubation, cells were 
exposed to the specified concentrations of substances based on the data 
obtained from the results of the MTT assay. After the cells were treated 
with the substances for 24 hours, the cells were collected into the cen-
trifuge tube with the help of PBS, PBS-EDTA, trypsin together with the 
supernatant. By using Thoma slide, 4  106 cells were taken and the 
supernatant was centrifuged at 1250 rpm for six minutes. Buffer RTL 
plus+Beta mercaptoethanol mixture was placed on the cells and placed 
in columns holding genomic DNA and centrifuged at 10,000 rpm for 
1.5 minutes. In this way, genomic DNA has been ensured to remain in 
the column. 350 µl of 70% ethanol was added onto the lysate where the 
genomic DNA was not found below and it was centrifuged at 10,000 
rpm for one minute by placing it in pink-colored columns. The under-
lying liquid was removed, 700 µl RW1 was added to the column, cen-
trifuged at 10,000 rpm for 15 seconds and the liquid was removed. 500 
µl Buffer RPE was placed on the pink columns and centrifuged at 14 
000 rpm for one minute. Then the pink columns were placed on a new 
collection tube and the same process was repeated by centrifuging at 14 
000 rpm for three minutes. The column was placed in a new collection 
tube to dry without adding anything, and centrifuged for one minute 
at 14 000 rpm. After the column was placed in a new clean Eppendorf 
tube, 40 μl RNAse Free Water was added on it and centrifuged at 10 
000 rpm for 1.5 minutes. By throwing the upper column, the under-
lying RNAs were measured and stored at -80°C until the process was 
performed for real-time PCR. Real-time PCR analysis was performed 
on BioRad, Hercules, California, USA.

5% CO2 . 

2 flasks as 1 

with sterile round lamellas and cultured in a 24 hour CO2 incubator. 

mM KH2PO4 , 8 mM NaHPO4 ; PH 7.3), detected for 15 minutes at 

Caspase 3 analysis:

ing): DAPI staining was performed to determine the apoptotic effects 

 The cells were dissected according to the method 
of 

RNA isolation: Ovcar-3 cells were cultivated in 75 cm

Morphological examination with uorescentfl  staining (DAPI stain

 Vol 12, Issue 9, Aug Sept, 2021497



Systematic Review Pharmacy  Vol 12, Issue 7, Mar  Apr, 2021

Gurer HG: Effects of All-Trans-Retinoic Acid on Over Cancer Culture (Ovcar-3) Alone and Combined with Classical 
Chemotherapeutics

523

purity of the RNA, the isolated RNA was measured in a nanodrop de-
vice, DNAse was diluted with RNAse free water.

a total volume of 20 μl and cDNA synthesis was performed on a palm 
cycler device.

the ratio of the target to a certain reference. To determine the concen-
trations of target and reference genes, the use of standard curves of 
both is necessary when using this method. In our study, while inter-
preting our real-time PCR results, the concentration value of our tar-
get genes was proportioned to the concentration value of the reference 
gene, and how much the results obtained differed compared to the con-
trol group were examined. It is a "housekeeping" gene that is constantly 
expressed in all cells. The housekeeping gene encodes proteins involved 
in cell functioning and is therefore always expressed. The 18S rRNA 
gene is one of the frequently preferred internal control genes in Real 
Time-PCR studies related to cancer studies. In relative gene expression 
comparison studies, the best result is obtained by including the internal 
control in the sample. An unchanged endogenous control is used for 
the quantification of different target mRNAs in each reaction. The 18S 
rRNA gene was used for this purpose in our study (Kuchipudi SV, et 
al., 2012).

RESULTS AND DISCUSSION
MTT assay results
Doses of ATRA in the range of 10-250 µM caused an increase in the 
number of cells in Ovcar-3 cells in the first 24 hours according to the 
control. Cell viability decreased at doses of 250 µM and 270 µM. Cell 
viability decreased statistically significantly at all doses after 48 hours. 
Cell viability increased at the dose of 10 µM at the end of 72 hours and 
decreased statistically significantly with increasing dose (Figure 1).
Cell viability increased at the end of 24 hours at 200 and 250 µM doses 
of carboplatin. On the second and third days, a significant decrease was 
observed in all doses.
It was observed that paclitaxel significantly decreased cell viability at all 
doses on the 1st, 2nd and 3rd days. It was determined that the decrease 
was more pronounced at doses of 5 µM and above on the second and 
third days (Figure 2).
In the combination of carboplatin and paclitaxel, a statistically signifi-
cant decrease in cell viability was noted on all days. While the decrease 
in cell viability was evident at low doses on the first day, an increase 
in viability was observed as the dose increased. The decrease is more 
pronounced on the second and third days and is directly proportional 
to the dose increase.
There was no significant decrease in the viability of cells in the first 24 
hours with the combination of ATRA+paclitaxel according to the con-
trol group. When the cell viability was examined at the end of 48 and 
72 hours, a significant decrease was observed. The reduction is likely 
to be significantly due to paclitaxel, as the decrease in viability of the 
cells compared to the control group was low at the low dose of pacli-
taxel, 0.312 µM. Cell viability was significantly reduced when the dose 
of paclitaxel was increased while the ATRA dose remained the same 
(Figure 3).
In the combination of ATRA+carboplatin, results parallel to the com-
bination of ATRA+paclitaxel were obtained. There was no significant 
decrease in the viability of the cells in the first 24 hours according to 
the control group. Significant reduction in cell viability was observed at 
the end of 48 and 72 hours. It is likely that the decrease is significantly 
due to carboplatin. At the low dose of carboplatin, 50 µM, the decrease 

in the viability of cells was low according to the control group. Cell vi-
ability decreased significantly when the carboplatin dose was increased 
while the ATRA dose remained the same.
It was observed that the combination of paclitaxel+carboplatin+ATRA 
significantly decreased cell viability at all doses on the 1st, 2nd, and 3rd 
days (Figure 4).

DAPI staining results
DAPI staining was performed to morphologically determine the apop-
totic effects of ATRA, carboplatin and paclitaxel alone and in combin-
ation on Ovcar-3 cells. ATRA, carboplatin and paclitaxel, which were 
found to be effective as a result of MTT assays, were administered to 
the cells alone and in combined doses. The cells are then photographed. 
Arrows in the photographs show apoptotic cells. In apoptotic cells, it 
was observed that the nuclei strangulated, divided into small pieces, 
and condensed (Figure 5).

Caspase-3 results
The effects of ATRA, paclitaxel and carboplatin on the caspase-3 ac-
tivities of Ovcar-3 cells at the end of 12 and 24 hours are presented in 

caspase-3 activity in all doses administered alone or in combination. 
At the end of 12 hours, paclitaxel showed the most significant effect on 
caspase-3 activities at 2.5 and 5 nM doses. At the end of 24 hours, it was 
observed that the agents exhibited different effects at different doses. 
While the activity of caspase-3 decreased at 90 µM dose of ATRA, the 
activity increased more than other agents at 150 and 180 µM doses. 
paclitaxel and carboplatin doses of 5 nM and 100 µM, respectively, in-
creased the caspase-3 activity more than other doses. Among the com-
binations, the highest increase in caspase-3 activity was recorded with 
the combination of ATRA 150 µM+paclitaxel 2.5 nM (Figure 6).

Evaluation of Real-Time PCR results
Ovcar-3 cells were treated for 24 hours with different doses and com-
binations of ATRA, paclitaxel and carboplatin. Substance and dose de-
pendent activation states in the IRS, Ki-67, COX-2 and VEGF genes in 
the cell line after the treatment were tried to be determined by RT-PCR 
technique. According to the studies, 90, 150 and 250 µM ATRA doses 
administered alone caused a decrease in IRS and COX-2 amplification 
levels; 50 µM and 90 µM ATRA doses administered alone caused a de-
crease in Ki-67 amplification levels; 180 µM and 250 µM ATRA doses 
administered alone caused a decrease in the amplification levels of the 
VEGF genes. The 50, 100 and 150 µM doses of carboplatin and the 1.25, 
2.5 and 5 nM doses of paclitaxel caused a decrease in the COX-2 level. 
When looking at the data in general, it was observed that combined 
applications do not have a reduction effect on gene activations as much 
as single applications. The triple combination of ATRA 150 µM+pacli-
taxel 2.5 nm+carboplatin 100 µM caused a reduction on COX-2. The 
combination of ATRA 50 µM+paclitaxel 2.5 nM+carboplatin 100 µM 
caused a decrease on IRS, COX-2 and VEGF. carboplatin 100 µM+pa-
clitaxel 2.5 nM combination caused a decrease on COX-2; ATRA 50 
µM+carboplatin 100 µM combination caused a decrease on IRS and 
VEGF; ATRA 150 µM+carboplatin 100 µM combination caused a de-
crease on COX-2; and ATRA 50 µM+paclitaxel 2.5 nM combination 
caused a decrease on COX-2 (Figure 7).
Today, cell culture is accepted as one of the main approaches of thera-
peutic research. The purpose of pharmacology is to determine the ac-
tive compounds found in natural elements for drug development. In 
drug development studies, the pharmacological activities of drug can-
didates are almost always tested in cell culture first. At this stage, the 
choice of positive control is important (Ghanemi A, 2015). 

RNA concentration measurement: To determine the amount and 

cDNA synthesis: For cDNA synthesis, the reaction was prepared with 

 The concentration of the target is expressed as Relative uanq f

fic

ation:ti ic

Figure 6. 

At the end of 12 hours, all of the agents appear to increase Figure 6.
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Figure 1: The effect of ATRA and carboplatin on Ovcar-3 cells. The (*) sign indicates significant differences compared to the 
control group

Figure 2: Effect of paclitaxel alone and carboplatin+paclitaxel combination on Ovcar-3 cells. The (*) sign indicates significant 
differences compared to the control group. Car: carboplatin Pac: paclitaxel

Figure 3: Evaluation of the effect of ATRA+carboplatin and ATRA+paclitaxel combinations on Ovcar-3 cells by MTT test. The 
(*) sign indicates significant differences compared to the control group

Figure 4: Evaluation of the effect of paclitaxel+carboplatin+ATRA combination on Ovcar-3 cells by MTT assay. The (*) sign 
indicates significant differences compared to the control group 
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Figure 5: DAPI staining of Ovcar cells

Figure 6: Caspase-3 results from the 12 and 24 hour treatment of Ovcar-3 cells with ATRA, paclitaxel and carboplatin alone 
and in combination. Control cells were treated with DMSO. The (*) sign indicates significant differences compared to the 
control group

Figure 7: 1st chart: Amplification curves of Housekeeping gene (18S rRNA); 2nd chart: Amplification curves of the IRS-1 gene; 
3rd chart: Amplification curves of the KI-67 gene; 4th chart: Amplification curves of the COX-2 gene; 5th chart: Amplification 
curves of VEGF gene

 Vol 12, Issue 9, Aug Sept, 2021500



Systematic Review Pharmacy  Vol 12, Issue 7, Mar  Apr, 2021

Gurer HG: Effects of All-Trans-Retinoic Acid on Over Cancer Culture (Ovcar-3) Alone and Combined with Classical 
Chemotherapeutics

501

Mitochondria are the crossroads in many cellular pathways. Apoptosis 
is involved in many biological processes and is one of the most fre-
quently used areas of research on cell biology. It is also known as pro-
grammed cell death. In order to detect apoptosis, apoptotic cells must 
be distinguished from other cells. Apoptosis can be accurately detected 
with the MTT staining method. This method is simple and practical. 
The standard method for studying and measuring apoptosis is the 
morphological analysis method. DAPI staining method is frequently 
used to determine the apoptotic effect morphologically. Caspase chain 
has an important role in the regulation of apoptosis. The released cyto-
chrome C activates caspase-3 (Kumar N, et al., 2018). 
The carboplatin and paclitaxel regimen is considered as the first choice 
adjuvant therapy in all stages of ovarian cancer and is used in neo-ad-
juvant therapy in stage 3 and 4 ovarian cancer. Paclitaxel is a commonly 
used anticancer drug and shows its effect by targeting microtubules. 
Microtubules function in mitosis and are considered essential for 
cytoplasmic movement. Paclitaxel acts by preventing cell division and 
polymerization through microtubules, thus apoptosis occurs. Pacli-
taxel also has angiogenic inhibitory effects, showing this effect by sup-
pressing VEGF expression. carboplatinum is an anticancer drug from 
the platinum group. In addition to ovarian cancer, it is also used in 
testicular and small cell lung cancer. Its mechanism of action is based 
on its inhibition of replication and transcription. In this way, it triggers 
apoptosis. Apoptosis acts through the activation of a family of cysteine 
proteases called caspases. Caspase activation is the key step in the onset 
of apoptosis. Apoptosis occurs with the activation of caspases such as 
caspases 3 and 7 (Leslie BR and Franco MM, 2018; Kampan NC, et al., 
2015; Fleming GF, et al.
In our study, carboplatin reduced the viability of Ovcar-3 cells at all 
doses on the second and third days. When the results of the first day were 
examined, it was observed that while vitality decreased at low doses, 
it was observed that vitality increased with higher doses. carboplatin 
and paclitaxel were used both alone and in combination in our study. 
In similar studies in the literature, the results are similar to those ob-
tained in our study. The combination of paclitaxel with cisplatin or 
carboplatin was compared in patients with advanced ovarian cancer in 
randomized clinical-based studies. It has been observed that the treat-
ment regimen in which carboplatin is used in combination is more tol-
erable, but there is no difference between the combination therapies in 
terms of efficacy. According to the results of another study, the viability 
of cells treated with Docetaxel+carboplatin, docetaxel+PNP-GDEPT 
and carboplatin+PNP-GDEPT and the combination of three agents 
was examined. Treatment of Ovcar-3 cells with docetaxel, carboplat-
in or PNP-GDEPT alone reduced cell viability by 42%, 36% and 22%, 
respectively, compared to controls. The greater reduction occurred in 
the case of the combination of all three. Apoptosis was examined in 
Ovcar-3 cells treated with docetaxel (1.5 nM), carboplatin (20 μM), 
and PNP-GDEPT alone or in combination, the number of apoptotic 
cells increased in a time-dependent manner in cells treated with the 
triple combination. As a result of the analyzes using the early apoptosis 
marker, the highest efficacy was observed in the combination of three 
agents. The combination of carboplatin+PNP-GDEPT showed the 
highest effect following the triple combination. Increased sensitivity of 
resistant Ovcar-3 cells to docetaxel and carboplatin has been observed 
when included in PNP-GDEPT combination regimens. It has been 
established that this occurs through increased apoptosis as a result of 
down-regulation of genes responsible for the drug resistance mechan-
ism. These data are compatible with those obtained in our study (Singh 
PP, et al., 2011; Bicaku E, et al., 2012).
In our study, paclitaxel reduced the viability of Ovcar-3 cells on the 
first and second days at all doses. It was observed that the decrease was 

more pronounced at doses of 5 nM and above on the second and third 
days. The results obtained in similar studies are similar to the results of 

used as conventional cell culture methods may not fully reflect the clin-
ical features of the disease. paclitaxel showed a much weaker effect in 
MCTS compared to 2D cultures. Following this process, Licofelone, 
which is predicted to have a synergistic effect with paclitaxel, was com-
bined with paclitaxel and applied to the cells. The combination has 
been found to have a significant synergistic effect (Hirst J, et al., 2018).
In our study, it was observed that the combination of paclitax-
el+carboplatin showed the most significant effect in the first 24 hours 
at low doses (2.5 nM and 50 µM, respectively). In the combination of 
paclitaxel+ATRA, there was no significant decrease in the viability of 
cells in 24 hours compared to the control group. The reduction was 
mainly observed on the second and third days, and it was determined 
that cell viability was significantly reduced when the carboplatin dose 
was increased while the ATRA dose remained the same. 
In another study, paclitaxel was combined with silibinin and applied 
to ovarian cancer cells. MTT analysis was performed 48 hours after 
administration to determine the effects of the combination. The results 
showed that cell proliferation was sharply inhibited by paclitaxel. Com-
bined therapy, on the other hand, had a greater effect than drugs alone. 
The doses used in combined therapy are lower than the IC50 dose de-
termined for paclitaxel and the IC50 for silibinin. This means that the 
drugs are used in combination at low doses. However, a greater effect 
has been observed compared to the use of drugs alone. Cell prolifera-
tion dropped to 50% after 48 hours. In addition to MTT analysis, the 
effect of silibinin and paclitaxel combination on apoptosis was investi-
gated. The P53 and P21 gene expression at different concentrations of 
the combination of silibinin and paclitaxel showed a significant differ-
ence compared to control cells (Asl FP, et al., 2018).
Although the results of our study are similar to those of this study, it 
has been observed that combined applications are generally not as ef-
fective on gene expressions as single applications.
In our study, it was concluded that ATRA is a potential agent that can 
be used in the treatment of ovarian cancer due to its anticancer effect. 
It has been observed that it can reduce cell viability more than rou-
tinely used cancer drugs, especially at high doses. Studies have shown 
that ATRA, a vitamin A derivative, strengthens cancer chemotherapy 
in various ways. ATRA has been shown to increase the effects of dif-
ferent anti-cancer agents with its synergistic effect. The mechanisms of 
their synergistic effects depend on the tumor and cell type. Examples 
of these mechanisms are the reduction of PCK, c-myc, E2F and Bcl-
2 expression. The results suggest that combinations of ATRA and an-
ti-tumor agents are candidates for the development and improvement 
of anti-carcinogenic therapies (Schultze E, et al., 2018).
In a similar study on the subject, the effects of ATRA on multiple hu-
man endometrial cancer cell lines were examined. The results showed 
that retinoic acid derivative ATRA can have more than one antitumor 
effect and can be used in the treatment of ovarian cancer (Tsuji K, et 
al., 2017). 
In another study, the relationship between Oct4 expression caused by 
chemotherapeutics in bladder cancer cells and the development of drug 
resistance and tumor recurrence was investigated. In particular, it has 
been determined that treatment with cisplatin increases bladder cancer 
cells by expressing Oct4. When ATRA was used in the same cells, it was 
observed that Oct4 was inhibited and sensitivity to cisplatin increased 
synergistically in bladder cancer cells. In addition, it has been noted 
that the combination of cisplatin and ATRA is effective in suppressing 
tumor growth compared to cisplatin alone. In another study, the effect 

our research. In a study, Multicellular Tumor Spheroids (MCTS) were 
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of ATRA on aldehyde dehydrogenase expression and drug resistance 
on paclitaxel resistant ovarian cancer cell lines was examined. MTT 
analysis was used to examine the effect of ATRA on drug resistance. 
Analysis results showed that ATRA decreases aldehyde dehydrogenase 
expression and decreases chemotherapeutic resistance. These results 
are consistent with those obtained in our study (Lu CS, et al., 2017; 
Januchowski R, et al., 2016).
In our study, it was determined that alone or in combination applica-
tion of ATRA, paclitaxel and carboplatin increase caspase-3 activity. It 
was observed that the aforementioned increase was more pronounced 
at the end of 12 hours than at the end of 24 hours. The most significant 
increase was observed in paclitaxel after 12 hours and in ATRA at the 
end of 24 hours. This increase in paclitaxel and ATRA is more pro-
nounced than in combined applications. 
In a study in the literature, the results of MTT and caspase-3 analy-
sis were examined by combining carboplatin and paclitaxel with an-
other drug. For this purpose, the cells were treated with carboplatin 
and paclitaxel for 48 hours, followed by the addition of the other drug 
and a further 24 hours. Cell viability was analyzed by the MTT assay. 
Treatment of the cells with paclitaxel or carboplatin followed by the 
addition of the other drug resulted in a significant decrease in tumor 
cell viability. The results demonstrated the superiority of combination 
therapy over individual treatments at each dose in cell viability. The 
interesting finding found here was that the greatest reduction in cell 
viability occurred at lower doses compared to higher doses. In the same 
study, expression of annexin V and caspase 3 activity were investigated 
as apoptosis markers. Significant increases in annexin V expression 
and caspase-3 activity were detected after carboplatin and paclitaxel 
treatment. When the agent which is the third member of the combined 
therapy was added to the combination, a decrease in the increase in 
caspase-3 activity was observed. Similar determinations were made in 
our research. An example of this is that ATRA alone is found to be 
more effective than combinations in caspase analysis. In the analysis of 
gene expressions in our study, it was observed that the effect recorded 
in single applications was higher than in combined applications (Wah-
ba J, et al., 2018).
These conditions seem to be the opposite of those obtained in studies 
on the subject. For this reason, it is considered that there is a need for 
research directed towards this field. 
It is known that angiogenesis induced by VEGF plays a key role in 
cancer development, especially growth and metastasis processes. The 
family of Insulin Receptor Substrates (IRS) are proteins involved in the 
insulin-like growth factor I receptor. IRS-1 supports tumor growth, 
but the mechanism is not fully understood. Based on data from a large 
cohort of clinical cancer registries, it has been shown that Ki-67 ex-
pression is associated with common histopathological parameters and 
is an additional independent prognostic parameter for overall and dis-
ease-free survival in some cancers. COX-2, catalyzes the first step in 
the formation of prostaglandins. Nowadays, its role in carcinogenesis 
has become evident. It affects apoptosis and angiogenesis, and there is a 
high level of COX-2 expression in cancer cells (Li X, et al., 2018; Inwald 
EC, et al., 2013; Ghosh N, et al., 2010; Reiss K, et al., 2012).

CONCLUSION
In our study, ATRA and other agents alone and in combination showed 
significant anticancer effects in MTT, DAPI Staining and Caspase-3 an-
alyses in Ovcar-3 cancer cell lines. In Real-Time PCR analysis, ATRA 
and other agents showed similar anticancer effects when applied alone. 
However, the same effect was not observed when agents combined and 
this is different from some results in the literature. Researching this 
subject with new studies will contribute to the literature.

The biggest challenge we face in cancer treatment today is the lack of 
anticancer drugs with high efficacy, broad-spectrum and low side ef-
fects. It is accepted that this problem can be solved with combination 
therapies. It is considered that the findings obtained in our study sup-
port this point.
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