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breast cancer: A focus on SKBR3 andMCF-7 cell lines

Milad Azizpour1, Behnaz Changizzadeh1, Morteza Golbashirzadeh2, AtousaMoradzadegan1,*

ABSTRACT
Introduction: Breast cancer is a significant global health issue, particularly in women, and is the
fifth leading cause of cancer-related deaths in Iran. This study investigates the anticancer effects of
naringin and melatonin on SKBR3 (HER2+) and MCF-7 (HER2−) breast cancer cell lines. Methods:
Cell viability and cytotoxicity were assessed using the MTT assay, which measures the reduction of
MTT to formazan bymitochondrial dehydrogenase enzymes in viable cells. Cells were treated with
various concentrations of naringin and melatonin. Antioxidant enzyme activities of SOD and LDH
were measured, and lipid peroxidation was assessed by MDA levels. Statistical analysis was per-
formed using SPSS and GraphPad Prism software, with significance set at p < 0.05. Results: Both
compounds showed a dose-dependent reduction in cell viability and increased cell death in both
cell lines. Naringin significantly decreased SOD activity while increasing LDH activity and MDA lev-
els. Similarly, melatonin treatment led to increased cell death, elevatedMDA levels, and higher LDH
activity, coupled with a decrease in SOD activity. Conclusion: The findings indicate that naringin
andmelatonin have potent anticancer properties. Their ability to induce oxidative stress andmodu-
late antioxidant defenses suggests their potential as therapeutic agents in breast cancer treatment.
Further research and clinical applications arewarranted to explore their efficacy in combatingbreast
cancer. Both compounds exhibit significant anticancer properties against breast cancer cell lines,
SKBR3 and MCF-7, making them promising candidates for further study.
Key words: HER2+ breast cancer, HER2- breast cancer, Naringin, Lipid peroxidation, Dose-
response relationship, Oxidative stress

INTRODUCTION
Breast cancer is a significant global health issue, with
substantial physical, psychological, and economic
impacts on patients and their families1. It is the
most prevalent neoplastic malignancy among women
worldwide and stands as the fifth leading cause of
cancer-related deaths among women in Iran. Annu-
ally, over 2,588 new cases are diagnosed in the coun-
try, reflecting the urgent need for more effective treat-
ments2.
Recent advancements in cancer research have high-
lighted the potential of natural compounds in oncol-
ogy 3. Melatonin, a hormone known primarily for
regulating sleep cycles, has garnered attention for its
anticancer properties4. This compound not only in-
fluences hormonal pathways but also exhibits pow-
erful antioxidant effects, which can inhibit cancer
cell proliferation and induce apoptosis5. Similarly,
naringin, a flavonoid found in citrus fruits, has shown
promise in cancer therapy due to its antioxidant and
pro-apoptotic activities6.
Despite the progress in breast cancer treatments,
there remains a knowledge gap concerning the precise

mechanisms through which melatonin and naringin
exert their anticancer effects. This study posits that
combining melatonin and naringin can enhance their
effectiveness by inducing oxidative stress and apopto-
sis in breast cancer cells4. Through this research, we
aim to provide new insights into their mechanisms of
action and explore their potential as novel therapeutic
agents.
This study aims to evaluate the anticancer effects of
melatonin and naringin on two breast cancer cell
lines: SKBR3 (HER2+) and MCF-7 (HER2−). The
SKBR3 cell line is frequently used as a control inHER2
assays due to its overexpression of the HER2 recep-
tor, which is associated with aggressive tumor growth.
In contrast, the MCF-7 cell line is crucial for stud-
ies involving estrogen receptor-positive breast cancer.
The investigation focuses on understanding how these
natural compounds can inhibit cancer cell growth and
promote apoptosis.

METHODS
Cell Lines and Culture Conditions
In this study, two breast cancer cell lines, SKBR3
(HER2+) and MCF-7 (HER2−), were utilized to in-
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vestigate the anticancer and antioxidant effects of
naringin and melatonin. These cell lines were pro-
cured from the Pasteur Institute of Iran. Cells were
cultured in DMEMmedium supplemented with 10%
fetal bovine serum (FBS) in sterile cell culture flasks.
The culture medium was refreshed every 2-3 days,
and cells were passaged weekly to maintain optimal
growth conditions. Cell passages ranged from 5 to 20
to ensure consistency. Cells were incubated at 37 ◦C
in a humidified atmosphere with 5%CO2 to maintain
optimal physiological conditions.
For the treatment experiments, cells were exposed
to various concentrations of naringin and melatonin,
determined based on the IC50 values, for a duration
of 24 hours. This allowed for the assessment of dose-
dependent responses. To ensure the accuracy and re-
producibility of the results, all experiments were per-
formed in triplicate. Additionally, strict adherence
to standard cell culture protocols and quality con-
trol measures was maintained throughout the study
to minimize any variability and ensure the reliability
of the data.

Experimental Groups

The experimental setup included the following
groups:

• SKBR3 cells

• MCF-7 cells

• SKBR3 cells treated with naringin

• MCF-7 cells treated with naringin

• SKBR3 cells treated with melatonin

• MCF-7 cells treated with melatonin

MTT Assay for Cell Viability and IC50 Deter-
mination

Cell viability and cytotoxicity were assessed using
the MTT assay, a colorimetric assay based on the
reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) to formazan by mi-
tochondrial dehydrogenase enzymes in viable cells.
Cells were treated with logarithmic concentrations of
naringin andmelatonin (0.1, 1, 10, 100, 500, and 1000
µg/mL) for 24 hours. The absorbance of the formazan
product was measured at 571 nm using a spectropho-
tometer. Cell viability was calculated, and the IC50

value was determined, which represents the concen-
tration required to inhibit cell growth by 50%7.

AssessmentofAntioxidant EnzymeActivity
The activities of the antioxidant enzymes superoxide
dismutase (SOD) and lactate dehydrogenase (LDH)
were measured to evaluate the antioxidant effects of
naringin and melatonin on SKBR3 and MCF-7 cells.
Cells were treated, detached using trypsin, and cen-
trifuged at 1300 rpm for 7 minutes. The cell pellet
was washed twice with cold PBS and lysed with 100
µL of lysis buffer. After centrifugation at 10,000 rpm
for 15 minutes at 4 ◦C, the supernatant was used for
enzyme activity assays and protein quantification us-
ing the Bradford method.

SuperoxideDismutase (SOD)Activity Assay
SOD activity wasmeasured using a ZELLX SOD assay
kit, based on the Beauchamp and Fridovich method
with modifications for ELISA reading. The reaction
mixture contained 50 µM phosphate buffer (pH 7.2),
0.1 µM EDTA, 13 µMmethionine, 75 µM nitro blue
tetrazolium (NBT), 0.21 µM riboflavin, and the en-
zyme supernatant. The absorbance was read at spe-
cific wavelengths, comparing samples, blanks, and
controls.

Lactate Dehydrogenase (LDH) Activity As-
say
LDH activity, indicating cell membrane integrity,
was measured using the German Biochemical Society
(DGK) standard method and Pars Azmoon kit. The
assaymeasuresNADHproductionduring lactate con-
version to pyruvate, with a direct relationship to LDH
activity, quantified by spectrophotometry.

Lipid Peroxidation Assay
Lipid peroxidation, indicative of membrane damage,
was assessed by measuring malondialdehyde (MDA)
levels. Cells (3 × 105) were centrifuged at 3000 rpm
for 5minutes. Thepellet was resuspended in 1.5mLof
10% trichloroacetic acid, sonicated, and centrifuged
at 10,000 rpm for 10 minutes. The supernatant was
mixed with 0.5 mL of 0.5% thiobarbituric acid, incu-
bated at 100 ◦C for 30 minutes, and the absorbance
was measured at 532 nm and 600 nm. MDA concen-
tration was calculated using a molar extinction coef-
ficient (ε = 155 µM-1cm-1).

Statistical Analysis
Data analysiswas performedusing SPSS (version 19.0,
Chicago, IL, USA) and GraphPad Prism 6 software.
Results were expressed as mean± standard deviation
(SD) of five independent experiments. Data normal-
ity was assessed using the Kolmogorov-Smirnov test.
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Differences between groups were analyzed using one-
way ANOVA followed by Tukey’s post-hoc test for
pairwise comparisons. Statistical significance was set
at (p < 0.05).

RESULTS
Cell Viability and Cytotoxicity Analysis
In this study, various concentrations of naringin (0.1
µM, 1 µM, 10 µM, 100 µM, 500 µM, and 1000 µM)
and melatonin (0.1 µM, 1 µM, 10 µM, 100 µM, 500
µM, and 1000 µM)were used to assess their cytotoxic
effects on MCF-7 (HER2−) and SKBR3 (HER2+)
breast cancer cell lines. Following the treatment pe-
riod, a dose-dependent increase in cell death and cy-
totoxicity was observed for both compounds across
both cell lines. Specifically, in the MCF-7 cell line,
increased concentrations of naringin significantly ele-
vated cell death and cytotoxicity compared to the con-
trol group. A similar pattern was noted in the SKBR3
cell line, where escalating concentrations of naringin
resulted in higher levels of cell death and cytotoxicity.
Notably, the impact of varying naringin dosages on
cell deathwasmore pronounced in the SKBR3 cell line
compared to the MCF-7 cell line. For melatonin, in-
creased concentrations also led to a significant rise in
cell death and cytotoxicity in bothMCF-7 and SKBR3
cell lines when compared to the control group. The
SKBR3 cell line exhibited a more marked response
to melatonin treatment, displaying greater cell death
and cytotoxicity with increasing concentrations. This
trend was similarly observed in the MCF-7 cell line,
though to a slightly lesser extent. These findings sug-
gest that both naringin and melatonin possess potent
cytotoxic effects on breast cancer cells, with a more
pronounced impact on the SKBR3 cell line. The dose-
dependent nature of these effects underscores the po-
tential of these compounds as therapeutic agents in
breast cancer treatment (Figure 1) (p < 0.001).

LDH Enzyme Activity Assay
The activity of the LDH enzyme demonstrated a sig-
nificant increase in both cell lines treated with mela-
tonin and naringin. As shown in Figure 2, melatonin
treatment led to a marked elevation in LDH activity
in the SKBR3 cell line compared to the control group.
Similarly, in the MCF-7 cell line, naringin treatment
resulted in a significant increase in LDH activity (p <
0.001). The data also indicated that the LDH enzyme
levels were significantly higher in the treated MCF-
7 cells compared to the untreated group. Further-
more, an increase in LDH activity was observed in the
SKBR3 cell line treatedwith naringin, highlighting the
cytotoxic impact of both compounds on these breast
cancer cells.

MDA Levels and Lipid Peroxidation Assay
The levels of malondialdehyde (MDA), a common
marker of oxidative stress, were assessed under var-
ious treatment conditions. The results indicated a sig-
nificant increase inMDA levels inMCF-7 cells treated
with naringin compared to the control group. Sim-
ilarly, in SKBR3 cells, naringin treatment led to a
marked rise in MDA levels (p < 0.001). Addition-
ally, lipid peroxidation assays revealed that melatonin
treatment caused a considerable increase inMDA lev-
els in the SKBR3 and MCF-7 cell lines compared
to the control group. This significant elevation of
MDA in both cell lines treated with melatonin and
naringin underscores the oxidative stress induced by
these compounds, contributing to their cytotoxic ef-
fects on breast cancer cells (Figure 3) (p < 0.001).

SOD Enzyme Activity Assay
The results indicated a significant decrease in SOD
enzyme activity in the MCF-7 cell line treated with
naringin and melatonin compared to the control
group (p < 0.001), as shown in Figure 4. This reduc-
tion in SOD activity highlights the impact of mela-
tonin and naringin on modulating oxidative stress in
these SKBR3 and MCF-7 breast cancer cells.

Comparison of Mechanisms Overlapping
Mechanisms
Both melatonin and naringin induce oxidative stress
(evidenced by increased MDA levels) and cytotoxi-
city (evidenced by increased LDH activity) in breast
cancer cells. Both compounds also result in a reduc-
tion of SOD activity, indicating a compromised an-
tioxidant defense. Distinct Mechanisms: While both
compounds show similar effects in terms of oxida-
tive stress and cytotoxicity, the extent of these ef-
fects might vary between different cell lines (SKBR3
and MCF-7). Additionally, the specific pathways and
molecular targets leading to these outcomes could dif-
fer between melatonin and naringin, which would re-
quire further investigation. This analysis highlights
that both melatonin and naringin have overlapping
mechanisms in inducing oxidative stress and cytotox-
icity in breast cancer cells, yet their distinct pathways
and targets could offer unique therapeutic insights.

DISCUSSION
Thepresent study highlights the promising anticancer
properties of naringin and melatonin in breast cancer
treatment, focusing on two specific cell lines, SKBR3
(HER2+) and MCF-7 (HER2−). The findings reveal
significant insights into how these compounds may
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Figure 1: Dose-Dependent Cytotoxic Effects of Naringin and Melatonin on MCF-7 and SKBR3 Cell Lines.
This figure illustrates the dose-dependent increase in cell death and cytotoxicity in MCF-7 (HER2−) and SKBR3
(HER2+) breast cancer cell lines treated with various concentrations of naringin and melatonin. Both compounds
significantly elevated cell death and cytotoxicity compared to the control group, with a more pronounced effect
observed in SKBR3 cells (p < 0.001).

contribute to cancer therapy by inducing cell death,
reducing oxidative stress, andmodulating antioxidant
enzyme activity.

Cytotoxic Effects ofNaringin andMelatonin

The results from the MTT assay demonstrated that
both naringin and melatonin exhibit dose-dependent
cytotoxic effects on SKBR3 and MCF-7 cells. The in-
creased cell death observed with higher concentra-

tions of naringin underscores its potential as an ef-
fective anticancer agent. Notably, the SKBR3 cell
line showed a more pronounced response to naringin
treatment compared to the MCF-7 cell line, suggest-
ing a differential sensitivity, which could be attributed
to the distinct molecular characteristics of these cell
lines.
Previous studies have also reported the cytotoxic ef-
fects of naringenin on various cancer cell lines. A sys-
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Figure2: EffectofNaringinandMelatoninonLDHEnzymeActivity inSKBR3andMCF-7Cell Lines. This figure
illustrates the significant increase in LDH enzyme activity in both SKBR3 and MCF-7 cell lines following treatment
with naringin and melatonin. The SKBR3 cells treated with melatonin showed a marked elevation in LDH activity
compared to the control group. Similarly, in theMCF-7 cells, naringin treatment resulted in a significant increase in
LDH activity (p < 0.001). The data also indicated that LDH levels were significantly higher in the treatedMCF-7 cells
compared to the untreated group, highlighting the cytotoxic impact of both compounds on these breast cancer
cells.

tematic review by A. Rauf et al. (2022) highlighted
the potential of naringin in reducing tumor growth
and inducing apoptosis in cancer cells8. Addition-
ally, Li et al. (2016) reported that naringin inhibited
the growth of MCF-7 breast cancer cells by inducing
cell cycle arrest and apoptosis9. Similarly, Talib et al.
(2022) reviewed the role of melatonin in cancer treat-
ment and suggested its potential to enhance the effi-
cacy of conventional therapies10. Moreover, Gao et
al. (2020) demonstrated that melatonin suppressed
the proliferation of human breast cancer cells and sen-
sitized them to chemotherapy 11.
The differential sensitivity of SKBR3 (HER2+) and
MCF-7 (HER2−) cells to naringin and melatonin
treatment may be attributed to the distinct molecu-
lar characteristics of each cell line. In SKBR3 cells, the
overexpression of the HER2 receptor leads to the acti-
vation of downstream PI3K/AKT and MAPK signal-
ing pathways, promoting cell proliferation and sur-
vival. Naringin and melatonin might inhibit HER2-
mediated signaling, thereby reducing cell viability and
inducing apoptosis through the disruption of these

pathways. Additionally, their ability to modulate ox-
idative stress could further sensitize HER2+ cells to
treatment12–15.
In contrast, MCF-7 cells, which rely on estrogen re-
ceptor (ER) signaling, might respond to naringin and
melatonin through different mechanisms. Naringin
has been shown to downregulate ERα expression,
while melatonin exhibits anti-estrogenic properties,
both leading to reduced cell proliferation and in-
creased apoptosis in ER-positive cells. The differential
impact on antioxidant enzyme activities and lipid per-
oxidation levels between the two cell lines could also
play a role in their varying sensitivity to these com-
pounds16,17.

Oxidative Stress and Antioxidant Response

The study further explored the oxidative stress re-
sponse by measuring MDA levels, a common marker
of lipid peroxidation. A significant increase in MDA
levels in both SKBR3 and MCF-7 cells treated with
naringin indicates enhanced oxidative stress, which
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Figure 3: Effect of Naringin andMelatonin onMDA Levels in SKBR3 andMCF-7 Cell Lines. The levels of mal-
ondialdehyde (MDA), a coµMonmarker of oxidative stress, were assessedunder various treatment conditions. The
results indicated a significant increase in MDA levels in MCF-7 cells treated with naringin compared to the control
group. Similarly, in SKBR3 cells, naringin treatment led to a marked rise in MDA levels (p < 0.001). Additionally,
lipid peroxidation assays revealed that melatonin treatment caused a considerable increase in MDA levels in both
SKBR3 and MCF-7 cell lines compared to the control group. This significant elevation of MDA in both cell lines
treated with melatonin and naringin underscores the oxidative stress induced by these compounds, contributing
to their cytotoxic effects on breast cancer cells (p = 0.001).

likely contributes to the observed cytotoxicity. The el-
evatedMDA levels correlate with increased cell death,
reinforcing the role of oxidative stress in the anti-
cancer effects of naringin18,19.
Previous research has shown that naringin can induce
oxidative stress in cancer cells, leading to cell death.
For example, Zhang et al. (2017) found that naringin
induced oxidative stress and apoptosis in human lung
cancer cells20. Additionally, M. Hassan et al. (2023)
demonstrated that melatonin inhibits the NF-κB sig-
naling pathway, reducing tumor size and growth in
MDA-MB-231 cell line xenografts17. This aligns with
our findings, suggesting that both naringin and mela-
tonin can modulate oxidative stress and enhance can-
cer cell death. Furthermore, Reiter et al. (2017) re-
viewedmelatonin’s role in reducing oxidative stress in

cancer cells and highlighted its potential to improve
cancer therapy outcomes21.

Enzyme Activity Modulation

The activity of key antioxidant enzymes, LDH and
SOD, was also assessed. The significant increase in
LDH activity in naringin-treated MCF-7 and SKBR3
cells suggests heightened cellular damage and mem-
brane permeability. In contrast, melatonin treatment
resulted in a notable inhibition of SOD activity in
MCF-7 cells, indicating its potential to modulate an-
tioxidant defenses and reduce oxidative stress22. The
differential enzyme activity patterns between the two
compounds highlight their uniquemechanisms of ac-
tion in combating cancer cells.
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Figure 4: Effect of Naringin and Melatonin on SOD Enzyme Activity in MCF-7 and SKBR3 Cell Lines. The
results indicated a significant decrease in SOD enzyme activity in the MCF-7 cell line treated with naringin and
melatonin compared to the control group (p < 0.001). This reduction in SOD activity highlights the impact of
melatonin and naringin on modulating oxidative stress in SKBR3 and MCF-7 breast cancer cells.

Our findings are consistent with prior studies that re-
ported similar enzyme activity modulation. For in-
stance, Khaled et al. (2022) found that naringin in-
creased LDH levels in breast cancer cells, indicating
cellular damage23. Moreover, Reiter et al. (2024)
demonstrated that melatonin reduced SOD activ-
ity, thereby enhancing the oxidative stress-mediated
apoptosis in cancer cells24.

Implications for Breast Cancer Therapy
These findings collectively suggest that naringin and
melatonin hold significant promise as complemen-
tary agents in breast cancer therapy. Naringin’s abil-
ity to induce oxidative stress and cell death, coupled
with melatonin’s modulation of antioxidant defenses,
points to a synergistic potential that warrants further
investigation. The distinct responses of SKBR3 and
MCF-7 cells to these treatments underscore the im-
portance of considering molecular subtype-specific
strategies in cancer therapy.
Further research is essential to isolate and character-
ize the active compounds within naringin and mela-
tonin and to evaluate their efficacy in vivo. Con-
ducting in vivo studies would provide valuable in-
sights into the pharmacokinetics, pharmacodynam-

ics, and potential therapeutic benefits of these com-
pounds in a more physiologically relevant context.
Additionally, understanding the molecular pathways
influenced by these compounds could provide deeper
insights into theirmechanisms of action and potential
combinatory effects. Exploring the synergistic poten-
tial of naringin and melatonin in combination with
established therapies, such as chemotherapy or tar-
geted treatments, could enhance their translational
relevance and therapeutic efficacy. The exploration
of naringin and melatonin in clinical settings, partic-
ularly in combination therapy regimens, could pave
the way for novel therapeutic approaches, improving
outcomes for breast cancer patients.

CONCLUSION
The present study underscores the significant anti-
cancer potential of naringin andmelatonin in treating
breast cancer, as evidenced by their effects on SKBR3
(HER2+) and MCF-7 (HER2−) cell lines. Both com-
pounds demonstrated dose-dependent cytotoxicity,
with higher concentrations leading to increased cell
death. Naringin showed a pronounced effect on
SKBR3 cells, indicating its effectiveness in targeting
distinct cancer cell characteristics. Additionally, both
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naringin and melatonin were found to modulate ox-
idative stress markers, with naringin increasingMDA
levels and LDH activity, while melatonin decreased
SOD activity, reinforcing their roles in inducing ox-
idative stress.
These findings align with prior research, highlight-
ing the cytotoxic and apoptotic effects of naringin and
melatonin on various cancer cells. The modulation of
key antioxidant enzymes further supports their po-
tential to enhance cancer cell apoptosis through ox-
idative stress pathways. Consequently, naringin and
melatonin present promising complementary agents
in breast cancer therapy.
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