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Abstract
BACKGROUND: Ovarian cancer is the fifth-most common female cancer and third-most common cancer in 
Indonesia, but most are advanced-stage patients that experiencing recurrence, which indicates resistance to 
treatment, especially to cisplatin. Melatonin appears as an alternative that can support the apoptotic effect of cisplatin 
as a chemotherapy regimen.

AIM: To determine the effect of the combination of melatonin and cisplatin compared with cisplatin only chemotherapy 
on chemotherapy resistance with Copper-Transporting ATPase-1 (CTR-1), P-glycoprotein (P-Gp), and gamma-
glutamylcysteinylglycine (GSH) biomarkers in ovarian cancer biological cells SKOV3.

METHODS: This research design was an experimental laboratory, posttest only control group design, using SKOV3 
cell culture. This study was performed in the Stem Cells and Tissues Engineering Research Cluster IMERI FKUI 
laboratory and Integrated Laboratory FKUI. MTS assay was used to calculate the IC50 of each material. The 
materials used were melatonin (concentration was 25, 50, 100, 200, 300 nM), cisplatin (concentration was 0.1, 0.5, 
1, 2, 5 mM), and doxorubicin (concentration 10, 20, 40, 50, 80, 100, 200 µM). IC50 melatonin was 1841 mM, IC50 
cisplatin was 117,5 µM, and IC50 doxorubicin was 14,72 µM. Samples were control negative group, IC50 doxorubicin 
as control positive, IC50 cisplatin, IC50 melatonin, combination group of melatonin and cisplatin were 1xIC50, ¾ × 
IC50, ½ × IC50, and ¼ x IC50. ANOVA and the Bonferroni test were used for the statistical test.

RESULTS: Based on data processing, IC50 of melatonin was 1841 mM, IC50 of doxorubicin was 14.72 µM, whereas 
IC50 of cisplatin was 117.5 μM. The mean expression of CTR-1 in the IC50 melatonin group was 15.77 ± 0.21 and 
in the IC50 cisplatin group was 10.87 ± 0.91, mean expression in the IC50 doxorubicin group was 30.33 ± 0.4. 
Meanwhile, the mean expression of CTR-1 in IC50 cisplatin was 7.37 ± 0.7, and in combination 1 group (1 x IC50 
melatonin and 1 x IC50 cisplatin) was 19. 73 ± 1.0. 49. For P glycoprotein, mean expression in IC50 cisplatin was 16 
± 1.59, in IC50 melatonin group was 7.37 ± 0.21, in IC50 doxorubicin was 0, and in combination 1 group (1 × IC50 
melatonin and 1 × IC50 cisplatin) was 6.7 ± 0.17. Last, in GSH, mean expression in the IC50 cisplatin group was 33.2 
± 0.87, in IC50 melatonin group was 12.57 ± 0.12, in the IC50 doxorubicin group was 1.33 ± 0.66, and in combination 
1 group (1 × IC50 melatonin and 1 × IC50 cisplatin) was 11.7 3± 0.67. There was a significant difference of CTR-1 
expression in combination 1 group, which was higher (19.73%), P-Gp expression in combination 1 group, which 
was lower (6.7%), and also GSH expression in combination 1 group was lower (11.73%) compared to other groups.

CONCLUSION: The group 1 combination of 1 × IC50 melatonin and 1 × IC50 cislatin with 1.841 mM and cisplatin 
117.5 uM was able to reduce cisplatin chemotherapy resistance by increasing drug influx activity by increasing 
CTR-1 expression, decreasing drug efflux through decreasing P-Gp expression, and decreased DNA repair activity 
through decreased GSH expression.
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Introduction

According to the Global Burden Cancer 2020 
data, ovarian cancer incidence reached 313,959 new 
cases worldwide with a mortality rate 207,252 [1]. The 
ovarian cancer incidence in Indonesia is not known 

with certainty, but based on national data from the 
Indonesian Gynecological Oncology Association from 
2016 to 2020, ovarian cancer ranks third after breast 
cancer and cervical cancer with 3398 new cases and 
at RSUP H. Adam Malik Medan found 387 new cases 
consisting of 119 early-stage cases and 268 advanced-
stage cases [2].
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Standard treatment for ovarian cancer in 
both early and advanced stages is debulking surgery, 
followed by chemotherapy, generally using platinum 
and taxane agents. Initial response in patients receiving 
chemotherapy is quite high (70%–80%), but mostly 
patients with advanced stages will experience a relapse 
within 2 years. If there is a recurrence, it is very difficult 
and even impossible to cure because of the frequent 
occurrence of cisplatin chemotherapy resistance [3]. 
The mechanism of chemotherapy resistance begins 
with cancer stem cells (). These cells have the ability to 
self-renew, and make up a small part of tumor [4].

Decreased chemotherapy drugs influx into 
resistant cells is the main resistance mechanism in vitro. 
Mechanisms that contribute to decreasing chemotherapy 
drugs accumulation in resistant cells can be inhibition of 
drug influx, increased drug efflux, or both  [3]. Metallic 
transporters such as copper transporters, for example, 
Copper-Transporting ATPase-1 (CTR-1), ATP7A, and 
ATP7B, have a particular role in platinum-derived 

drugs [5]. Platinum and its analogs accumulate into cells 
by passive diffusion or via facilitated transport. CTR-1 
regulates platinum influx and its analogs into cells, 
leading to increased platinum resistance and decreased 
platinum intracellular accumulation in number of cancer 
culture cells, including ovarian cancer cells [3].

Multi-drug resistance protein (MRP) is part of the 
adenosine triphosphate-binding cassette family which 
plays a role in anti-cancer drugs efflux. Therefore, it has 
been speculated that deregulation of MRP components 
may affect cisplatin-platinum chemotherapy resistance. 
The multi-drug resistance gene (MDR1) encodes an 
integral membrane protein named P-glycoprotein (P-Gp) 
or ATP-binding cassette subfamily B that acts as drug 
efflux pump. P-Gp recognizes the large number of anti-
cancer drugs and can decrease intracellular cytotoxic 
drugs concentration, such as platinum agents [3].

The involvement of both Glutathione-S-
Transferase (GST)π and γ  -glutamylcysteine synthetase 
(γ-GCS) in Gamma-Glutamylcysteinylglycine (GSH) 
synthesis is associated with platinum resistance in ovarian, 
cervical, and lung cancer cultured cell [3]. There are three 
mechanisms of GSH’s role in cisplatin sensitivity, namely: 
(i) GSH can function as a cofactor in facilitating MRP2-
mediated cisplatin efflux in mammalian cells because 
MRP2 transfected cells have been shown to be associated 
with cisplatin resistance; (ii) GSH can function as a redox 
regulatory cytoprotector, wherein many cisplatin-resistant 
cells express more GSH and γ -GCS, a rate-limiting enzyme 
for GSH biosynthesis; (iii) GSH can function as a copper 
(Cu) chelator. The increased expression of GSH reduces 
copper levels resulting in increase of high-affinity Cu 
transporter (hCTR-1), which is also a cisplatin transporter. 
This suggests that overexpression of GSH via γ  -GCS 
transfection leads to decreased cisplatin sensitization [6].

Melatonin (N-acetyl-5-methoxytryptamine) is 
a small lipophilic indolamin produced by pineal gland 
and extrapineal tissue (ovaries, retina, gastrointestinal 
tract). In healthy cells, melatonin inhibits apoptosis 

Figure 1: IC50 graphics of doxorubicin, melatonin, and cisplatin

Figure 3: Percentage of CTR-1 expression in each research group. ***p < 
0,001, compared to control; ++p < 0,001, compared to IC50 doxorubicin; #p 
< 0,01, ##p < 0,001, compared to IC50 melatonin; φφp < 0,001, compared 
to IC50 cisplatin; ††p < 0,001 compared to combination 1; ∋∋p < 0,001, 
compared to combination 2; ψp < 0,01 compared to combination

Figure 2: Percentage of SKOV3 cell viability after incubated for 48 
hours with materials. Combination 1  (1 × IC50 melatonin and 1 × 
IC50 cisplatin), combination 2 (¾× IC50 melatonin and ¾ × IC50 
cisplatin), combination 3 (½× IC50 melatonin and ½ × IC50 cisplatin), 
and combination 4 (¼× IC50 melatonin and ¼ × IC50 cisplatin)

https://oamjms.eu/index.php/mjms/index


� Adella et al. Melatonin and Cisplatin Combination to Reduce Cisplatin Resistance

Open Access Maced J Med Sci. 2022 Apr 23; 10(B):1079-1088.� 1081

process through several mechanisms. In contrast, 
melatonin has often been reported to be antiproliferative, 
antiangiogenic, pro-apoptotic, and immunomodulatory 
in various types of cancer, including ovarian 
cancer [7], [8]. In SKOV3 cultured cells, the combination 
of cisplatin and melatonin can increase the apoptotic 
process. Melatonin upregulates pro-apoptotic proteins 
such as p53, BAX, and activates caspase-3 [9], [10].

Melatonin has been reported to contribute for 
better clinical outcomes in several types of cancer, 

including ovarian cancer, both in vitro and in vivo. 
However, research on melatonin related to its effect 
on cisplatin chemotherapy resistance incidence is still 
very limited. Therefore, it is important to conduct further 
research on the melatonin effect to improving cisplatin 
chemotherapy resistance pathways in SKOV3 ovarian 
cancer biological cells, so in the future, melatonin can 
be used as an additional therapeutic modality in ovarian 
cancer, especially in cases of platinum resistance.

Methods

This research is a laboratory exploratory, 
experimental research using posttest only control group 

Figure  4: Representative flowcytometry of CTR-1 expression results in group (a) (Control); (b) (IC50 Melatonin); (c) (IC50 Cisplatin); 
(d) (Combination 1); (e) (Combination 2); (f) (Combination 3); (g) (Combination 4), and (h) (IC50 Doxorubicin)
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Table  1: Variations of research material concentration for 
determining the IC50 value
Research material Concentration variant
Dox (µM) 25, 50, 100, 150, 200, 300
Mel (mM) 0.1, 0.5, 1, 2, 5
Cis (µM) 10, 20, 40, 50, 80, 100, 200
Dox: Doxorubicin, Mel: Melatonin, Cis: Cisplatin, Combi: Combination, Half Maximal Inhibitory Concentration

AQ1
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design to prove that a combination of melatonin and 
cisplatin can affect cisplatin-resistant chemotherapy 
through various mechanisms, including drug influx, drug 
efflux, and DNA damage repair, compared to cisplatin 
only chemotherapy. SKOV3 culture and treatment 
with melatonin in this research were carried out in the 
Stem Cells and Tissues Engineering Research Cluster 
(SCTE) laboratory of Institute of Medical Research 
Indonesia (IMERI), Faculty of Medicine, Universitas 
Indonesia, and flow cytometry researching was carried 
out in the Integrated Laboratory of FKUI. This research 
was conducted from September 2020 to November 
2021.

This research used an in vitro research, in 
which ovarian cancer cell line SKOV3 was cultured on 
a suitable and controlled medium to grow these cells. 
SKOV3-American Type  Culture Collection (ATCC) 
biological cells were derived from ATCC Catalog no 
HTB-77, which is a cell line from adenocarcinoma type 
ovarian epithelial cancer tissue in human ovaries.

Calculation with Mead’s formula, the minimum 
sample used in this research was 16 with three 
repetitions (triplo) in each research group; the total 
sample used was 24  samples and eight research 
groups. Flowcytometry examination required a larger 
number of cells; cells were grown on well plate 6 with a 
diameter of 34.8 mm. Most of the cells can be harvested 
in 100% confluence in each well 6 is 9.5 × 105.

This research used several combinations; 
combination 1 was 1xIC50 melatonin and 1xIC50 
cisplatin, combination 2 was ¾x IC50 melatonin and ¾x 
IC50 cisplatin, combination 3 was ½x IC50 melatonin 
and ½x IC50 cisplatin, and combination 4 was ¼x IC 
melatonin and ¼x IC50 cisplatin.

IC50 value determination
The research solution concentration required 

to reduce cell viability is expressed by IC50 value. The 
decrease in cell viability is 50%. Determination of IC50 
value is done by making research solutions at various 
concentrations to be research on cells.

In this research, the IC50 value for research 
materials will be determined, namely doxorubicin, 
melatonin, and cisplatin. The concentration of each 
research material used to determine the IC50 value is 
illustrated in the following Table.1

From this calculation, the results of each IC50 
value were IC50 melatonin was 1841 mM, IC50 cisplatin 
was 117.5 µM, and IC50 doxorubicin was 14.72 µM.

Cytotoxic activity test using MTS assay

MTS assay was conducted to count the 
percentage of cell viability after incubation with material 
(melatonin and a combination of melatonin and cisplatin). In 
color intensity which formed by the reduction of tetrazolium 
salt into formazan crystal that indicates the percentage of 
cell viability. Viable cells will induce more formazan crystal 
than nonviable cells. SKOV3 cell was harvested in well 
plate 96 with 25 × 104 cell/well and incubated in 37°C, and 
CO2 concentration was 5% for 24 hours before conducting 
the test. MTS solution (CellTiter 96® AQueous Non-
Radioactive Cell Proliferation Assay Promega) was added 
into each well and incubated for 3 hours, and then, it was 
read in spectrophotometry using 490 nm wavelength.

CTR-1, P glycoprotein, dan GSH 
examination using flowcytometer

The treated cells were harvested by adding 
trypsin-EDTA into culture container of as much as 1 mL. 
Cells were then collected and rotated at 2000 rpm for 
5  min. The supernatant was discarded, and the cell 
pellet was resuspended with 1x PBS solution. The cells 
were put into a flow cytometry tube and redissolved 

Table 2: Copper‑transporting ATPase 1 expression in test group
Group Mean ± SD pa Post‑hocb

Dox Mel Cis Combi 1 Combi 2 Combi 3 Combi 4
Control 2.17 ± 0.21 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
IC50 Dox 30.33 ± 0.4 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IC50 Mel 14.8 ± 0.1 <0.001 <0.001 <0.001 1.000 0.001
IC50 Cis 7.37 ± 0.7 <0.001 <0.001 <0.001 <0.001
Combi (1) IC50 1 × 19.73 ± 0.49 1.000 <0.001 <0.001
Combi (2) IC50 ¾ × 18.73 ± 0.84 <0.001 <0.001
Combi (3) IC50 ½ × 14.53 ± 1.14 0.002
Combi (4) IC50 ¼ × 11.77 ± 0.55
aANOVA one‑way, bBonferroni. SD: Standard deviation, Dox: Doxorubicin, Mel: Melatonin, Cis: Cisplatin, Combi: Combination, Half Maximal Inhibitory Concentration.

Figure 5: Percentage of p-glycoprotein expression in each test group. ***p 
< 0,001, compared to control; ++p < 0,001, compared to IC50 doxorubicin; 
#p < 0,01, ##p < 0,001, compared to IC50 melatonin; φφp < 0,001, compared 
to IC50 cisplatin; ††p < 0,001 compared to combination 1; ∋∋p < 0,001, 
compared to combination 2; ψp < 0,01 compared to combination 3
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with stain buffer solution, and rotated at 2100 rpm for 
5  min. The supernatant was discarded, and the cell 
pellet was added 0.1  mL of binding buffer solution 
and CTR-1, P Glycoprotein, dan GSH antibody each 
according to examination type. Cells were vortexed for 
homogeneity, and then incubated at room temperature 
and dark conditions for 20  min. After incubation, PI 

solution was added to the cells and incubated again 
at room temperature and dark conditions for 10  min. 
After incubation, cells were washed with 1 mL of stain 
buffer solution, and then rotated at 2100 rpm for 5 min. 
The supernatant was discarded, and cell pellet was 
resuspended or redissolved with stain buffer solution. 
Cells are ready to be read on flowcytometer.

Table 3: P‑glycoprotein expression in the test group
Group Rerata ± SD pa Post‑hocb

Dox Mel Cis Combi 1 Combi 2 Combi 3 Combi 4
Control 44.37 ± 1.55 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
IC50 Dox 0 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IC50 Mel 7.37 ± 0.21 <0.001 1.000 0.986 <0.001 <0.001
IC50 Cis 16 ± 1.59 <0.001 <0.001 1.000 <0.001
Combi (1) IC50 1 × 6.7 ± 0.17 0.161 <0.001 <0.001
Combi (2) IC50 ¾ × 9.1 ± 0.1 <0.001 <0.001
Combi (3) IC50 ½ × 15.43 ± 1.25 <0.001
Combi (4) IC50 ¼ × 20.87 ± 0.49
aANOVA one‑way, bBonferroni. SD: Standard deviation, Dox: Doxorubicin, Mel: Melatonin, Cis: Cisplatin, Combi: Combination, Half Maximal Inhibitory Concentration.

AQ1Figure 6: Representative flowcytometry results of p-glycoprotein expression. On Group (a) (Control); (b) (IC50 Melatonin); (c) (IC50 Cisplatin); 
(d) (Combination 1); (e) (Combination 2); (f) (Combination 3); (g) (Combination 4), dan (h) (IC50 Doxorubicin)
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Results

The IC50 melatonin value was obtained using 
an MTS assay at various concentrations, which were 
0.1 mM, 0.5 mM, 1 mM, 2 mM, and 5 mM. The purpose 
of this stratified concentration was to determine the 
IC50 value and concentration of melatonin which could 
reduce SKOV3  cells viability by 50%. Assessment 
of absorbance values for all samples using a 
spectrophotometer with wavelength 490 nm.

The IC50 value was obtained by analyzing 
the absorbance value at each concentration using 
GraphPad software. Based on the data processing, 
the IC50 doxorubicin value was 14.72 μM. The IC50 
melatonin value was 1841 mM. These results indicated 
that 1841 mM melatonin was required to decrease 
SKOV3 cells viability by 50%. The IC50 cisplatin value 
was 117.5 μM. This indicates that to reduce SKOV3 cells 
viability by 50%, 117.5 μM of cisplatin was needed. The 
IC50 doxorubicin value was 14.72 μM.

The IC50 cisplatin group obtained a mean 
decrease in cell viability was 55.16%. In all combination 
groups, there was a decrease in cell viability which was 
better than IC50 cisplatin (p < 0.001; one-way ANOVA). 
In the IC50 melatonin group, when compared to other 
groups, the mean decrease in SKOV3 cell viability was 
47.68 %. It was seen that in all combination groups, 
there was a decrease in cell viability that was better than 

IC50 melatonin (p < 0.001; one-way ANOVA). However, 
when compared to group 4 (¼ IC50 melatonin and IC50 
cisplatin) with a mean 48.43%, the IC50 melatonin 
group more decreased cell viability (p < 0.001; one-way 
ANOVA) Figures 1 and 2.

CTR-1 analysis

Examination using cell-specific markers was 
carried out using BD FACS ARIA III flowcytometry 
device. The groups used for this flowcytometry 
examination were the control group and the research 
group. The control group was cell control group and 
the positive control group. The cells control group 
was SKOV3 culture with a standard complete medium 
without additional research material. The positive 
control group was doxorubicin. The research sample 
groups used in this research were melatonin, cisplatin, 
and a combination of melatonin and cisplatin. The 
combination group of melatonin and cisplatin was 
divided into four combinations; combination 1  (1 × 
IC50), combination 2 (¾× IC50), combination 3 (½× 
IC50), and combination 4 (¼× IC50). The higher CTR-1 
expression value, the higher drug influx into cells, lower 
cancer cell resistance to chemotherapy incidence.

Mean CTR-1 expression in the IC50 doxorubicin 
group was 30.33 ± 0.4, IC50 melatonin group was 14,8 
± 0,1, IC50 cisplatin group was 7.37 ± 0.7. While mean 
expression in combination group  1 (IC50 melatonin 
and IC50 cisplatin) was 19.73 ± 0.49, in combination 
group 2 (¾ IC50 melatonin and ¾ IC50 cisplatin) was 
18.73 ± 0.84, in combination group 3 (½IC50 melatonin 
and ½ IC50 cisplatin) was 14.53 ± 1.14, in combination 
group 4 (¼ IC50 melatonin and ¼ IC50 cisplatin) was 
11.77 ± 0.55.

There was no significant difference in CTR-1 
expression in combination 1 group (IC50 melatonin and 
IC50 cisplatin) was 19.73% and combination group 2 
(¾ IC50 melatonin and IC50 cisplatin) was 18.73% 
(p > 0.05; ANOVA one way). Combinations 1 and 2 were 
group with the highest CTR-1 expression significantly 
compared to the test treatment group (p < 0.001; 
one-way ANOVA), in addition to positive control. This 
indicates that the administration of combinations 1 and 
2 has a higher incidence of therapeutic agents influx.

The CTR-1 expression percentage in 
combination 1, combination 2, combination 3, and 
combination 4 group was higher than the cisplatin 

Table 4: Gamma‑Glutamylcysteinylglycine expression in the test group
Group Rerata ± SD pa Post‑hocb

Dox Mel Cis Combi 1 Combi 2 Combi 3 Combi 4
Control 45.23 ± 0.5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
IC50 Dox 1.33 ± 0.06 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IC50 Mel 12.57 ± 0.12 <0.001 1.000 <0.001 <0.001 <0.001
IC50 Cis 33.2 ± 0.87 <0.001 <0.001 <0.001 <0.001
Combi (1) IC50 1 × 11.73 ± 0.67 <0.001 <0.001 <0.001
Combi (2) IC50 — × 20.5 ± 1.42 0.008 <0.001
Combi (3) IC50 ½ × 23.07 ± 0.23 <0.001
Combi (4) IC50 ¼ × 28.93 ± 0.38
aANOVA one‑way, bBonferroni. SD: Standard deviation, Dox: Doxorubicin, Mel: Melatonin, Cis: Cisplatin, Combi: Combination, Half Maximal Inhibitory Concentration.

Figure  7: The percentage of GSH expression in each test group. 
*** p < 0,001, compared to control; ++p < 0,001, compared to IC50 
doxorubicin; #p < 0,01, ##p < 0,001, compared to IC50 melatonin; 
φφp < 0,001, compared to IC50 cisplatin; ††p < 0,001 compared to 
combination 1; ∋∋p < 0,001, compared to combination 2; ψp < 0,01 
compared to combination 3
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group (p < 0.001; one-way ANOVA). This indicates that 
therapeutic agents influx incidence after administration 
of combination 1, combination 2, combination 3, and 
combination 4 is higher than cisplatin administration 
or in other words, higher therapeutic agents influx, the 
incidence of resistance chemotherapy will decrease.

In melatonin group, CTR-1 expression was 
lower than in combination 1 and combination 2, 
meaning that in combination 1 and combination 2 group, 
chemotherapy drugs influx was better than the single 
melatonin group. The intervention of administration 
melatonin did not result in a significant difference with 
combination 3 group (p > 0.05; one-way ANOVA). 
This shows that there is no difference in melatonin 
and combination 3 group in SKOV3 cancer cell influx 
against therapeutic agents (Table 2, Figures 3 and 4).

P-Glycoprotein analysis

Higher P-Gp percentage indicates cells ability 
to resist the response of cytotoxic compounds, with 
higher resistant chemotherapy incidence in cancer 
cells. In addition, it can be stated that if P-Gp expression 
percentage is low, then drug cytotoxic ability has a 
positive effect on cells.

Mean P-Gp expression in the IC50 doxorubicin 
group was 0, IC50 melatonin group was 7.37 ± 0.21, 
and IC50 cisplatin group was 16 ± 1.59. While mean 
expression in combination group 1 (C50 melatonin and 
IC50 cisplatin) was 6.7 ± 0.17, in combination group 2 
(¾ IC50 melatonin and ¾ IC50 cisplatin) was 9.1 ± 
0,1, in combination group 3 (½ IC50 melatonin and ½ 
IC50 cisplatin) was 15.43 ± 1,25, and in combination 

Figure 8: Representative flowcytometry results of GSH expression. On Group (a) (Control); (b) (IC50 Melatonin); (c) (IC50 Cisplatin); (d) 
(Combination 1); (e) (Combination 2); (f) (Combination 3); (g) (Combination 4), dan (h) (IC50 Doxorubicin)
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group 4 (¼ IC50 melatonin and ¼ IC50 cisplatin) was 
20.87 ± 0.49.

Combination 1 group could reduce more P-Gp 
expression with 6,7 % compared to other groups The 
administration of test material for the cisplatin group 
when compared with combination 1, combination 
2, combination 3, and combination 4 group had a 
significant difference (p < 0.001; one-way ANOVA). It 
was seen that combination group  1 and combination 
2 were able to lower P-Gp expression more than 
the cisplatin group. However, when compared with 
combination 4, the cisplatin group had the ability to 
lower P-Gp expression more. The lower drug efflux 
activity, the lower chemotherapy resistance incidence, 
so that the treatment outcome will be better.

The melatonin group had P-Gp expression 
percentage 7.37%, where when compared with other test 
groups, there was a significant difference between melatonin 
and cisplatin test group, combination 2 and combination 
3 (p < 0.001). When compared with combination 1 and 
combination 2 groups, there was no significant difference 
between the melatonin group, combination 1 and 
combination 2 group. However, the combination 1 group 
was still better at reducing P-Gp expression. This indicates 
that a combination of IC50 melatonin and IC50 cisplatin can 
reduce the efflux activity of therapeutic agents; therefore, 
the incidence of chemotherapy resistance will decrease 
(Table 3, Figures 5 and 6).

GSH analysis

GSH is a protein commonly used as drug 
inactivation marker. The mean GSH expression in 
the control group was 45.23 ± 0.5, IC50 doxorubicin 
group was 1.33 ± 0.06, IC50 melatonin group was 
12.57 ± 0.12, and IC50 cisplatin group was 33.2 ± 
0.87. While mean expression in combination group  1 
(IC50 melatonin and IC50 cisplatin) was 11.73 ± 0.67, 
in combination group 2 (¾ IC50 melatonin and ¾ IC50 
cisplatin) was 20.5 ± 1.42, in combination group 3 (½ 
IC50 melatonin and ½ IC50 cisplatin) was 23.07 ± 0.23, 
and in combination group 4 (¼ IC50 melatonin and ¼ 
IC50 cisplatin) was 28.93 ± 0.38.

It was found that combination 1 group had the 
lowest GSH expression percentage compared to other 
combination groups, which was 11.73%. The analysis 
results showed that there was a significant difference 
in GSH expression between combination 1 and other 
combination groups (p < 0.001; one-way ANOVA).

The cisplatin group had GSH expression 
percentage with 33.2%. The administration of test material 
for the cisplatin group when compared to combination 
1, combination 2, combination 3, and combination 4 
groups had a significant difference (p<0.001; one-way 
ANOVA). It was seen that combination 1, combination 
2, combination 3, and combination 4 groups were 
able to lower GSH expression more than the cisplatin 

group. The lower drug inactivation activity, the lower 
chemotherapy resistance incidence; therefore, the 
treatment outcome will be better.

The melatonin group had GSH expression 
percentage of 12.57%. GSH expression in melatonin 
group was significantly lower when compared to the 
cisplatin group, combination 2, combination 3, and 
combination 4 (p < 0.001; one-way ANOVA). However, 
when compared with the combination 1 group, it 
was seen that combination 1 was able to reduce 
GSH expression more than melatonin group, but not 
statistically significant (Table 4, Figures 7 and 8).

Discussions

CTR-1 is a marker for drug influx, while 
P-Glycoprotein (P-Gp) is a marker for drug efflux. 
Measurement of CTR-1 and P-gp expression was 
performed by flowcytometry analysis. This influx and 
efflux occur due to passive diffusion or facilitated 
transport. Chemotherapeutic drug substances enter the 
cell through the Cu2+ transporter CTR1. After that, it is 
actively removed from the cell by ATP7A and ATP7B 
copper transporters [3].

The value of CTR-1 and P-gp is closely related 
to the nature of cell resistance to drug substances. 
The higher CTR-1 expression value, it means greater 
drug influx, this clinically has a positive effect on drug 
activity. On the other hand, if the P-gp expression value 
is higher, it means that drug efflux is getting bigger; 
this clinically has a negative effect on drug action. 
In addition, CTR-1 gene deletion in yeast results in 
resistance increase of drug substance, in this case, 
cisplatin. Similarly, mouse cells lacking CTR-1 had 
higher cisplatin resistance. High-CTR-1 expression 
correlates with a better prognosis in patients receiving 
platinum-based therapy [11].

The higher incidence of influx or selective 
entry of chemotherapy drugs into cells will cause 
cells to undergo SKOV3 cell apoptosis. However, 
if a high incidence of influx is followed by the high 
incidence of efflux without involving SKOV3 cell 
apoptosis, it can be said that these cells are resistant 
to chemotherapy drugs [12]. In addition, this is due to 
efflux occurrence, which causes chemotherapy drug 
ingredients to be pumped back out of the cell; therefore, 
drug concentration in cell becomes less. Therefore, 
overexpression of P-gp in SKOV3 cells indicates that 
cells tend to pump chemotherapy drugs out of the 
cells. If chemotherapeutic drug material is removed or 
effluxed, the effect of the chemotherapy drug is reduced 
so that it can cause resistance [13].

Overexpression of γ-GCS, which catalyzes 
cysteine ligase with glutamate, increases glutathione 
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production. This glutathione increase acts as a Cu 
depletor, as evidenced by Cytochrome C Oxidase 
and Superoxide Dismutase (SOD) activity decrease 
as well as the component of holo-ceruloplasmin 
(CuCpm). Intracellular Cu deficiency increases hCTR-1 
expression. Increased hCTR-1 transporter results in 
increased cisplatin uptake, which results in increased 
cisplatin administration sensitivity [14], [15], [16].

Epirubicin-induced increased expression of 
P-gp protein may be associated with the activation 
NF-kB pathway [17]. In several publications, it has been 
reported that upregulation of the NF-kB pathway is a 
possible mechanism for the development of MDR in 
resistant cancers [18]. In that in vitro experiment, with 
increasing epirubicin concentration, intracellular DNA 
damage gradually accumulated, and P-gp and P65 
expression increased. The Western blot data further 
confirm that downregulation of P-gp are associated with 
inhibition of the NF-κB pathway. Kim et al. conducted 
a similar in vitro study and noted that inhibition of 
the NF-kB pathway can sensitize lymphoma cells to 
cytostatics [19].

In Liu’s (2021) study, it was found that a 
combination of melatonin and epirubicin increased 
DLBCL cells sensitivity to epirubicin, including increasing 
suppression of cell viability and induction of apoptosis. 
Furthermore, molecular mechanisms underlying the 
enhanced action may be related to mitochondrial 
and P-gp-mediated apoptotic pathways. The IHC 
study showed that P-gp expression was positively 
correlated with NF-κB P65 expression. Epirubicin, 
a DNA-damaging cytotoxic, induces increased P-gp 
expression by activating the NF-κB pathway. Melatonin 
co-treatment was found to inhibit P-gp function and 
P-gp expression through suppression of the NF-κB 
pathway [17].

GSH functions to inactivate chemotherapy 
drugs by undergoing conjugation reaction mediated by 
GST through detoxification so that drug effectiveness 
decreases. Increased activity of GSH and GST has 
been reported to contribute cisplatin resistance [3], [20]. 
Giving melatonin to oxidative model mice for 6  days 
can reduce GSH levels and increase GSH-Peroxidase 
activity, an antioxidant enzyme that reduces 
hydroxylation radicals formation [21].

Fernandez (2019) reported that melatonin 
can increase the apoptotic effect of irradiation and 
cisplatin. In addition, melatonin can reduce oxidative 
stress by reducing GSH levels, as evidenced by the 
increase in GSSG/GSH ratio. High doses of melatonin 
increase glutathione synthesis. A  concomitant 
decrease in GSH-Peroxidase activity was observed 
at the highest melatonin concentrations, especially in 
cisplatin-treated cells. However, at 100 μM melatonin 
combined with irradiation, they observed an increase in 
GSH-peroxidase activity. These results are consistent 
with lower ROS levels observed at 100 μM melatonin 
compared to 1500 μM. These data suggest that 

mitochondria induce melatonin-induced ROS response 
in cancer cells that enhances the cytotoxic effect of 
irradiation and cisplatin [22].

Melatonin enhances intramitochondrial 
antioxidant defenses by increasing reduced glutathione 
levels and inducing glutathione peroxidase and 
Mn-superoxide dismutase (Mn-SOD) in matrix and 
Cu, Zn-SOD in intermembrane space [23]. Glutathione 
plays a role in the regulation of intracellular copper pools 
that affect cisplatin uptake in cells. Hypersensitivity to 
cisplatin toxic effects was associated with increased 
uptake of cisplatin in these transfected cells. The 
cisplatin transporter was subsequently identified 
as a high-affinity Cu transporter (hCTR-1), and the 
mechanism of this hypersensitivity was due to the 
upregulation of hCTR-1 in these transfected cells. 
The expression of hCTR-1 is upregulated under low 
copper conditions and downregulated under adequate 
copper levels [6].

Conclusion

Melatonin plays an anticarcinogenic role 
through estrogen receptors in cancer cells. The 
combination of melatonin and cisplatin was able to 
increase drug influx activity by increasing CTR-1 
expression, reduce drug efflux through decreasing 
P-Gp expression; and also reduce DNA repair activity 
by decreasing GSH expression.
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