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Abstract
The purpose of this study was to investigate the effects of zinc and melatonin administration on interleukin-6, lipid peroxidation
parameters, and element metabolism in DMBA-induced breast cancer in female rats. A total of 42 recently weaned Wistar rats
were divided into 5 groups as follows: control (group 1), DMBA control (group 2), DMBA + zinc (group 3), DMBA +melatonin
(group 4), and DMBA + melatonin and zinc (group 5). Malondialdehyde (MDA) and glutathione (GSH) levels in breast tissue
and blood samples were determined via spectrophotometric methods. In addition, iron, magnesium, zinc, and copper levels in
serum samples were determined by atomic emission, and plasma interleukin-6 levels were determined by ELISA method. The
highest tissue and plasmaMDA and the lowest tissue and erythrocyte GSH levels found in the study were in group 2; the highest
tissue and erythrocyte GSH levels and the lowest tissue and plasmaMDA levels are in group 5 (P < 0.05). Iron, magnesium, and
zinc levels of groups 3, 4, and 5 were higher than the DMBA group without administration (group 2), but the copper values were
significantly lower (P < 0.05). The highest IL-6 levels were determined in group 2 while IL-6 levels in the DMBA group (G5)
treated with combined melatonin and zinc were lower than all other breast cancer groups (P < 0.05). According to the findings
obtained in this presented study, combined zinc and melatonin therapy can contribute to the prevention of tumor growth by
improving the disruption in element metabolism and suppressing IL-6 levels and reducing tissue damage that causes the cancer.
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Introduction

Breast cancer is a disease with high mortality and morbidity
worldwide, especially affecting women. Although breast can-
cer is more common in developed countries, it also increases
significantly in developing countries [1]. The production of
the hormone melatonin, the main source of which is the pineal
gland, is stimulated in the dark and is blocked by light [2]. It
has been reported that melatonin hormone, a potent scavenger
of free radicals, affects all stages of cancer, including carcino-
genesis, tumor growth, progression, and the onset and eleva-
tion of metastasis [2–4]. As a result, it is well documented that
melatonin hormone plays a critical role in preventing various
types of cancer in most preclinical studies [5]. Zinc is an
essential micronutrient that offers structural functions in zinc
finger proteins [6]. This trace element is required for over 300
different cellular processes, including DNA repair, gene ex-
pression, enzyme activity, and intracellular signaling [7].
There is increasing interest in the role of zinc in preventing
development of breast cancer [8]. Since zinc modulates vari-
ous processes (i.e., oxidative stress, cell proliferation, and
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apoptosis) at the center of multi-stage carcinogenesis, altered
zinc statusmay affect the development and prognosis of breast
cancer [6, 8].

One of the best examples of cytokines that play an impor-
tant role in inflammatory response and pathogenesis of cancer
is interleukin-6 (IL-6) [9]. IL-6 is produced in response to
tumor necrosis factor (TNF) and interleukin-1 (IL-1), which
play a key role in the formation of immune and inflammatory
events [10]. IL-6 deregulation may result in increasing the
severity of inflammatory diseases and accelerating cancer de-
velopment [10]. It is mainly produced by vascular endothelial
cells, mononuclear phagocytes, fibroblasts, and activated T
lymphocytes. The IL-6/JAK signal is important as it provides
permanent activation of STAT-3 in patients with cancer.
Permanent STAT-3 activation is effective in survival, angio-
genesis, invasion, and tumor development [10]. Increased
levels of IL-6, a multifunctional cytokine, have been associat-
ed with many cancers, especially prostate, bladder, colon, and
breast cancer [9–11].

The aim of this study was to investigate the effects of zinc
and melatonin administration on interleukin-6, lipid peroxida-
tion, and element metabolism in DMBA-induced breast can-
cer, which is a strong carcinogenic substance in female rats.

Materials and Methods

Animal Material and Groups

The study was carried out on recently weaned Wistar breed
female (40-day old) rats. The study protocol was approved by
Selcuk University Experimental Medicine Research and
Application Center, Animal Experiment Ethics Committee
(2016-32). The study groups were formed as follows in the
study conducted with a total of 42 female rats:

1. Group 1, (n: 6) control group: Group was fed with a nor-
mal diet with no administration.

2. Group 2 (n:6), DMBA control group: The animals in this
g r o u p we r e a dm i n i s t e r e d 80 mg / kg 7 , 1 2 -
dimethyl[a]anthracene (DMBA) in colza oil (canola)
through gavage to induce a tumor and fed on a normal
diet.

3. Group 3 (n:10), DMBA + zinc group: The animals in this
g r o u p we r e a dm i n i s t e r e d 80 mg / kg 7 , 1 2 -
dimethyl[a]anthracene (DMBA) in colza oil (canola)
through gavage to induce a tumor, and supplemented with
5 mg/kg/day intraperitoneal (i.p.) zinc along with their
normal diet for 4 weeks.

4. Group 4 (n:10) DMBA+melatonin group: The animals in
this group were administered 80 mg/kg 7,12-
dimethyl[a]anthracene (DMBA) in colza oil (canola)
through gavage to induce a tumor, and supplemented with

5 mg/kg/day intraperitoneal (i.p.) melatonin along with
their normal diet for 4 weeks.

Experimental Animals and Nutrition

The experimental animals were housed in a separate room at
the Selcuk University Experimental Medicine Research and
Application Center until the end of the study. They were kept
in an environment with standard temperature and light (21 ±
1 °C and 12-h dark, 12-h light).

Experimental Procedures

Induction of Breast Cancer

To induce breast cancer, 7,12-dimethylbenz[a]anthracene
(DMBA) supplied by Sigma-Aldrich company (St. Louis,
MO, the USA) was used. For this purpose, a single dose of
80 mg/kg dimethylbenz[a]anthracene(DMBA) in colza oil
(canola) was administered through gavage. One week after
the administration, the animals’ breast tissues were examined
by palpation to check the enlargement of breast tissue. One
week after the application, the animals were palpated and the
control of breast tissue growth started. After the growth in the
breast tissue were significantly detected, 6 rats from among
the 36 rats which were administered DMBA were randomly
chosen and their breast tissue samples were collected under
general anesthesia. After the presence of the tumor was path-
ologically detected by light microscopic examination, zinc
and melatonin supplementation started (Fig. 1). Tumor devel-
opment was pathologically detected in the 10th week after
DMBA administration.

Fig. 1 Malignant changes were determined in breast tissue (HE: ×40)
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Zinc Administration

Zinc (Merck, 7446-20-0) was dissolved in distilled water in
the form of zinc-sulfate and i.p. injected with 0.5 mL saline
solution (5 mg/kg of body weight/day). Zinc sulfate treatment
was carried out between 9.00 and 10.00 am for 4 weeks.

Melatonin Administration

After melatonin (Sigma M 5250) was dissolved in pure etha-
nol, it was stored in the dark with the lid closed at 4 °C until
the time of use.Melatonin was taken from the stocked solution
at a dose of 5 mg/kg/day and was injected i.p. into rats in
0.5 mL saline. Melatonin administration was performed at
the same hours for 4 weeks as in zinc administration.

Obtaining Samples

After 4 weeks of experimental applications, blood samples
were taken from animals’ heart tissue under anesthesia for
IL-6, elements and lipid peroxidation measurement, and then
euthanized. Breast tissue samples were also taken for lipid
peroxidation analysis of euthanized animals.

Biochemical Analysis

Determination of Tissue Malondialdehyde Levels

Breast tissue malondialdehyde (MDA) level measurements
were performed on the SPECTROstar (BMG Labtech,
Germany) device using the Mihara and Uchiyama [12] meth-
od and the results were defined as nmol/g tissue.

Tissue Glutathione Analysis

The breast tissue glutathione (GSH) levels were measured in
the SPECTROstar (BMGLabtech, Germany) device using the
Ellmann method and the data were presented as mg/g tissue
[13].

Determination of Plasma Malondialdehyde Levels

Plasma MDA levels were determined spectrophotometrically
on the SPECTROstar (BMG Labtech, Germany) device using
the method of Draper and Hadley [14], and data were present-
ed in nmol/mL [14].

Erythrocyte Glutathione Analysis

Erythrocyte GSH analysis was spectrophotometrically read in
SPECTROstar (BMGLabtech, Germany) device according to
the methods of Atroshi et al. [15] and the results were recorded
as mg/dL protein.

Determination of IL-6 Levels in Plasma

Plasma interleukin-6 levels were performed with SunRed
Elisa commercial test kit (cat no: 210-11-0136). RAYTO
trademark elisa washer (Indian) was used in the analysis and
read on BMECT-LABTECH brand SPECTROstar Nano Elisa
device (Germany) with 450 nm wavelength. Values were giv-
en in pg/mL.

Serum Trace Element Analysis (Magnesium, Iron, Copper,
Zinc)

Magnesium and iron analyzes were performed on the
ARCHITECT c8000 instrument, while Zn and Cu analyzes
were performed on the ARCHITECT i2000 SR instrument
with the Abbott ClinicalChemistry kits. Copper and iron
were calculated in μg/dL. Mg mg/dL and Zn are given in
μmol/L.

Statistical Analysis

The statistical analyses of data were conducted using SPSS
21.0 computer software and arithmetic means and standard
deviations of all parameters were calculated. Shapiro–Wilk
test was applied to determine the homogeneity of data, and it
was seen that the data displayed a normal distribution.
One-way variance analysis (ANOVA) test was employed to
identify differences among groups, and the origin of the dif-
ferences was detected using Duncan, a multiple comparison
test. Differences for which P < 0.05 were accepted as
significant.

Results

Tissue and Plasma MDA Levels of Study Groups

The highest tissue and plasmaMDA levels in the study belong
to the DMBA (G2) group (P < 0.05). Tissue and plasmaMDA
levels of zinc (G3) and melatonin (G4) administered DMBA
groups were lower than DMBA (G2) group, and significantly
higher than control (G1) group and combined zinc and mela-
tonin administered DMBA (G5) group (P < 0.05). The lowest
tissue and plasma MDA levels were obtained in the control
(G1) group and the DMBA group (G5) in which combined
zinc and melatonin administration (P < 0.05, Table 1).

Tissue and Erythrocyte GSH Levels of the Study
Groups

The highest tissue and erythrocyte GSH levels in our study
were obtained in the DMBA (G5) group in which zinc and
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melatonin were combined, and in the control (G1) group
(P < 0.05).

Tissue and erythrocyte GSH levels of zinc (G3) and mela-
tonin (G4) administered DMBA groups were higher than
DMBA (G2) group, and significantly lower than control
(G1) group and combined zinc and melatonin administered
DMBA (G5) group (P < 0.05). The lowest tissue and erythro-
cyte GSH levels in our study were obtained in the DMBA
(G2) group (P < 0.05, Table 2).

Serum Element Levels of Study Groups

The lowest iron, magnesium, and zinc levels and the highest
copper values in the study were obtained in the DMBA (G2)
group (P < 0.05). The iron, magnesium, and zinc levels of all
DMBA groups (G3, G4, and G5) were higher than the DMBA
(G2) group, while the copper values were significantly lower
(P < 0.05, Table 3).

Plasma IL-6 Levels of the Study Groups

The highest IL-6 levels were in the control group (G2) with
DMBA-induced breast cancer (P < 0.05). IL-6 values of
DMBA + zinc (G3) and DMBA + melatonin (G4) groups
were significantly lower than G2 (P < 0.05). IL-6 levels of
DMBA (G5) group, which was treated with melatonin and
zinc combination, were lower than all other groups with breast
cancer (G2, 3, 4) (P < 0.05, Table 4).

Discussion

This study investigated the effects of zinc and melatonin ad-
ministration on lipid peroxidation, element metabolism, and
IL-levels in female rats with DMBA-induced breast cancer.

One of the most commonly used parameters as an indicator
of oxidative stress and tissue damage is MDA levels.
Therefore, in our study, tissue and plasma MDA levels were
determined as an indicator of oxidant stress. The highest tissue
and plasma MDA levels in the study were obtained in the
DMBA (G2) group. Increased oxidative stress parameters
have been reported in many experimental studies with
DMBA-induced cancer [16–18]. In the current study, MDA
levels in both breast tissues and plasma of rats with DMBA-
induced cancer were significantly higher when compared with
other groups. Carcinogenesis is a complex process involving a
series of cellular and molecular events that support the trans-
formation of a normal cell into a cancer cell. It is pointed out
that reactive oxygen species may be associated with basic
molecular mechanisms involved in all stages of the carcino-
genesis process [19]. It is already known that increased reac-
tive oxygen species and oxidative stress contribute to the ad-
vancement of breast cancer [20]. It is critical to investigate the
preventability of increased oxidative stress in tumoral events
by various factors that enable the antioxidant system [20].
Zinc is an important element with antioxidant properties. It
is known that women with breast cancer have changes in zinc
metabolism. These changes are closely related to the poor
prognosis of the disease and the increase in the carcinogenic
process [21]. It has been suggested that zinc may be effective
in preventing tissue damage in tumoral events [22]. The

Table 2 Tissue and erythrocyte
GSH levels of the study groups Groups Tissue GSH (mg/g tissue) Erythrocyte GSH (mg/dL)

G1 Control 379.26 ± 34.19ab 14.53 ± 1.20b

G2.DMBA 178.60 ± 54.88c 11.37 ± 1.26c

G3 DMBA + zinc 327.14 ± 100.09b 14.95 ± 0.79b

G4 DMBA + melatonin 303.24 ± 43.36b 14.76 ± 0.58b

G5 DMBA + zinc + melatonin 438.25 ± 106.03a 16.79 ± 2.09a

There was a significant difference between groups in the same column and carrying different letters (P < 0.05)

Table 1 Tissue and plasma MDA
Levels of the Study Groups Groups Tissue MDA (nmol/g tissue) Plasma MDA (nmol/mL)

G1 Control 19.73 ± 3.53c 2.96 ± 0.58c

G2 DMBA 42.21 ± 6.89a 5.94 ± 0.81a

G3 DMBA + zinc 29.33 ± 4.52b 4.14 ± 0.68b

G4 DMBA + melatonin 33.43 ± 5.16b 4.16 ± 0.62b

G5 DMBA + zinc + melatonin 21.66 ± 4.98c 2.80 ± 0.60c

There was a significant difference between groups in the same column and carrying different letters (P < 0.05)
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hormone melatonin is a powerful antioxidant that is mainly
released from the pineal gland. There is a particularly inverse
association between melatonin production and breast cancer
incidence [23]. Therefore, treatment of melatonin is consid-
ered a strong candidate for the prevention of tissue damage in
tumoral events [23]. In our study, the breast tissue and plasma
MDA levels of both the zinc-treated DMBA group (G3) and
the melatonin-treated DMA group (G4) were significantly
lower than the same values of the DMBA (G2) group. The
findings indicate that zinc and melatonin can prevent tissue
damage in tumoral events. In our study, the decreased MDA
levels we obtained with the supplementation of zinc and mel-
atonin in breast cancer are consistent with the reports of stud-
ies suggesting that both zinc [22] and melatonin [23] may be
an effective candidate in the prevention of tissue damage in
tumoral events. In our study, we obtained the lowest MDA
values in the DMBA group (G5) where combined zinc and
melatonin were administered. We could not find a study on
how the combined zinc and melatonin treatment affected tis-
sue damage in breast cancer. However, Baltaci et al. [8] re-
ported that combined zinc and melatonin administration acti-
vated immune parameters in breast cancer-induced rats, which
supports, albeit indirectly, the reducedMDAvalues we obtain-
ed when we administered combined zinc and melatonin.

The lowest tissue and erythrocyte GSH levels in the study
belonged to the DMBA (G2) group. It is known that antioxi-
dant pathways, especially GSH, are suppressed in breast can-
cer [24, 25]. Therefore, our findings are consistent with re-
ports showing that antioxidant activity is suppressed in breast

cancer. In our study, the tissue and erythrocyte GSH levels of
zinc (G3) and melatonin (G4) administered DMBA groups
were higher than the DMBA (G2) group. Metallothionine, a
metal-carrying protein in breast and prostate cancer, has been
shown to increase antioxidant activity by increasing GSH
levels together with zinc and consequently prevents oxidative
damage in breast and prostate cancer [26]. It has already been
reported that zinc is involved in key processes associated with
breast carcinogenesis, and the incidence of breast cancer in-
creases in zinc deficiency [27]. The fact that zinc [28] supple-
mentation known as an antioxidant element increased the
GSH levels in DMBA-induced breast cancer rats in our study
is consistent with the research reports presented above.
Epidemiological studies have shown a possible oncostatic fea-
ture of melatonin on different tumor types [29]. Melatonin
hormone is already defined as a breast cancer inhibitor today
[30]. One of the mechanisms underlying the cancer preventive
effect of melatonin hormone is to prevent tissue damage by
increasing antioxidant activity [29]. In our study, the increase
of GSH levels in both tissue and erythrocytes with melatonin
supplementation in rats with DMBA-induced breast cancer
may be considered as an expected result considering the re-
ports above. In our study, the highest tissue and erythrocyte
GSH levels were obtained in the DMBA (G5) group, in which
zinc and melatonin were combined. We have not been able to
find a report on how the combination of zinc and melatonin
hormone affects antioxidant activity in rats with breast cancer.
The combined administration of zinc [28] and melatonin [29],
known as antioxidants, significantly increased GSH levels
when compared with DMBA-induced breast cancer group.
This finding shows that the combined zinc and melatonin
treartment may be important in preventing tissue damage in
tumoral events.

Iron has been shown to stimulate free radical production of
estrogen metabolites through a redox cycle and contribute to
breast carcinogenesis [31]. It has been reported that patients
with breast cancer have high iron levels and low serum iron
levels in tumoral breast tissues [32]. Rajizadeh et al. [33] re-
ported that iron deficiency anemia was more common in pa-
tients with breast cancer than in patients without breast cancer.
However, in contrast to the evidence summarized above,

Table 3 Serum element levels of
study groups Groups Iron

Fe (μg/dL)

Magnesium

Mg (mg/dL)

Zinc

Zn (μmol/L)

Copper

Cu (μg/dL)

G1 control 337.83 ± 34.44a 2.90 ± 0.24a 18.17 ± 2.17b 122.16 ± 6.61b

G2 DMBA 256.17 ± 35.49c 2.16 ± 0.40b 13.58 ± 1.68c 134.50 ± 6.92a

G3 DMBA + zinc 319.90 ± 31.86ab 2.81 ± 0.22a 20.11 ± 2.09ab 111.71 ± 8.57b

G4 DMBA + melatonin 297.30 ± 37.14b 2.83 ± 0.46a 18.41 ± 2.79b 98.06 ± 12.02c

G5DMBA + zinc + melatonin 350.70 ± 25.65a 3.27 ± 0.63a 21.12 ± 1.99a 95.80 ± 12.91c

There was a significant difference between groups in the same column and carrying different letters (P < 0.05)

Table 4 Plasma IL-6 findings of study groups

Groups Interleukin-6 (pg/mL)

G1 control 31.54 ± 4.28d

G2 DMBA 140.80 ± 11.97a

G3 DMBA + zinc 59.67 ± 9.76b

G4 DMBA + melatonin 53.33 ± 8.41b

G5 DMBA + zinc + melatonin 42.40 ± 4.38c

There was a significant difference between groups in the same column
and carrying different letters (P < 0.05)
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findings from population-based epidemiological studies on
iron status and cancer risk have been contradictory [34].
Zinc is considered an essential nutrient that can prevent tumor
development, with its role in maintaining antitumor immunity
and its antioxidant effect [35]. Zinc levels differ significantly
between breast cancer patients and their controls. It has been
reported that serum-plasma and hair zinc levels in women
with breast cancer are lower than those in healthy controls
[35, 36]. It has been shown that the deficiency of magnesium
required for DNA replication and repair increases DNA mu-
tations leading to carcinogenesis [37]. In women with breast
cancer, decreased serum magnesium has already been report-
ed compared to their controls [37]. Choi et al. [38] reported
that the serum copper levels of breast cancer patients were
significantly higher than the controls. In the study, the lowest
iron, magnesium, and zinc levels and the highest copper
values were obtained in the DMBA (G2) group. Decreased
iron, magnesium, and zinc levels and increased copper values
that we obtained in the DMBA group are in line with the
findings of the researchers who emphasize impaired element
metabolism in breast cancer and presented above. The most
striking result to be emphasized here is the improvement of
element metabolism, which is impaired in breast cancer, as a
result of the administration of zinc, melatonin, and combined
zinc and melatonin. This finding shows us that the preventive
effect of zinc and melatonin on tumoral events is not only
limited to antioxidant activity but also has a regulatory effect
on impaired element metabolism.

Breast cancer, one of the most dangerous tumors, is glob-
ally recognized as the main cause of cancer-related death in
women [39]. Interleukin-6 (IL-6) is a proinflammatory cyto-
kine released by various cells around the tumor microcircula-
tion, including cancerous cells. IL-6 plays a critical role in the
growth and differentiation of tumor cells [39]. Increased levels
of IL-6 in the serum and tumor regions have been shown in
many cancers, including breast cancer [39, 40]. Especially in
patients with breast cancer, IL-6 induction is associated with
poorer prognosis, and serum IL-6 levels increase at patholog-
ical degrees [39, 40]. In our study, the DMBA-induced breast
cancer control (G2) group had the highest IL-6 levels. The
high IL-6 levels we achieved are consistent with the findings
of researchers reporting IL-6 levels that have increased path-
ologically in breast cancer. Similarly, in our study, IL-6 values
of DMBA + zinc (G3) and DMBA + melatonin (G4) groups
were significantly lower than G2. This finding is critical.
Because IL-6, which increases in tumoral events, plays a crit-
ical role in the expansion and differentiation of tumor cells
[39]. Zinc (G3) and melatonin (G4) supplementation given
to DMBA-induced breast cancer groups suppressed IL-6
levels. Famurewa et al. [22] have shown that zinc supplemen-
tation inhibits increased liver-induced IL-6 synthesis in breast
cancer. It has been reported that docetaxel and vinorelbine,
used in the treatment of breast cancer, and melatonin

supplementation in radiation therapy increase the decrease in
the expression of IL-6 levels [41]. The decreased IL-6 levels
obtained with zinc and melatonin supplementation in DMBA-
induced breast cancer groups are consistent with the results of
both reports presented above. In our study, the levels of IL-6 in
the DMBA-induced group (G5), in which melatonin and zinc
were combined, were lower than all other groups (groups 2, 3,
4) with breast cancer. This finding indicates that zinc and
melatonin suppress IL-6 levels more strongly in breast cancer.
We could not find a publication that investigated how com-
bined melatonin and zinc treatment in breast cancer affects IL-
6 levels in med-line scans. We could not even find a study
investigating the relationship between IL-6 and combination
of melatonin and zinc regardless of breast cancer. Based on
this point, it can be said that tracking the levels of IL-6 in
serum or plasma can be used as one of the cancer biomarkers
and can also help in monitoring the cancer treatment process
[42]. This finding of our study is the first report to show that
the combination of melatonin and zinc strongly suppresses the
increased IL-6 levels in breast cancer.

When the results of our study are evaluated as a whole,

1. Based on the findings obtained in our study, it could be
concluded that the combined supplementation of zinc and
melatonin may be beneficial in preventing increased IL-6
levels and repairing the impaired element metabolism in
DMBA-induced breast cancer.

2. The current study is the first study to show that the com-
bination of melatonin and zinc strongly suppresses in-
creased tissue damage and increased IL-6 levels in breast
cancer.

Acknowledgments This study was supported by the Scientific Research
Projects Coordinatorship of Selcuk University (SUBAPK; project no.
16202035).

Data Combined zinc andmelatonin treatment may contribute to prevent
tumor growth by improving impairment in element metabolism and sup-
pressing IL-6 levels and increased tissue damage that causes acceleration
of cancer development.

Funding Information This study was supported by the Scientific
Research Projects Coordinatorship of Selcuk University (SUBAPK; pro-
ject no. 16202035).

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no confict of
interest.

Informed Consent This study was performed onWistar type adult male
rats.

Ethical Approval Research meets ethical guidelines is a required field.
The study protocol was approved by Selçuk University Experimental
Medicine Research and Application Center Laboratory Animals Ethics
Board (No: 2016-32).

Gulbahce-Mutlu et al.



References

1. Kubatka P, Zubor P, Busselberg D, Kwon TK, AdamekM, Petrovic
D, Opatrilova R, Gazdikova K, Caprnda M, Rodrigo L, Danko J,
Kruzliak P (2018) Melatonin and breast cancer: evidences from
preclinical and human studies. Crit Rev Oncol Hematol 122:133–
143

2. Dodda BR, Bondi CD, Hasan M, Clafshenkel WP, Gallagher KM,
Kotlarczyk MP, Sethi S, Buszko E, Latimer JJ, Cline JM, Witt-
Enderby PA, Davis VL (2019) Co-administering melatonin with
an estradiol-progesterone menopausal hormone therapy represses
mammary cancer development in a mouse model of HER2-
positive breast cancer. Front Oncol 9:525

3. Reiter RJ, Rosales-Corral SA, Tan DX, Acuna-Castroviejo D, Qin
L, Yang SF, XuK (2017)Melatonin, a full service anti cancer agent:
inhibition of initiation, progression and metastasis. Int J Mol Sci
18(4):E843

4. Bondy SC, Campbell A (2018)Mechanisms underlying tumor sup-
pressive properties of melatonin. Int J Mol Sci 19:E2205

5. Talib WH (2018) Melatonin and cancer hallmarks. Molecules 23:
E518

6. da Cruz RS, Andrade FO, Carioni VMO, Rosim MP, Miranda
MLP, Fontelles CC, de Oliveira PV, Barbisan LF, Castro IA, Ong
TP (2019) Dietary zinc deficiency or supplementation during ges-
tation increases breast cancer susceptibility in adult female mice
offspring following a J-shaped pattern and through distinct mecha-
nisms. Food Chem Toxicol 134:110813

7. Baltaci AK, Mogulkoc R, Baltaci SB (2019) Review: The role of
zinc in the endocrine system. Pak J Pharm Sci 32(1):231–239

8. Baltaci SB, Mogulkoc R, Baltaci AK, Emsen A, Artac H (2018)
The effect of zinc and melatonin supplementation on immunity
parameters in breast cancer induced by DMBA in rats. Arch
Physiol Biochem 124(3):247–252

9. Kampan NC, Xiang SD, McNally OM, Stephens AN, Quinn MA,
Plebanski M (2018) Immunotherapeutic Interleukin-6 or
Interleukin-6 receptor blockade in cancer: challenges and opportu-
nities. Curr Med Chem 25(36):4785–4806

10. Kumari N, Dwarakanath BS, Das A, Bhatt AN (2016) Role of
interleukin-6 in cancer progression and therapeutic resistance.
Tumour Biol 37(9):11553–11572

11. Zarogoulidis P, Yarmus L, Darwiche K, Walter R, Huang H, Li Z,
Zaric B, Tsakiridis K, Zarogoulidis K (2013) Interleukin-6 cyto-
kine: a multifunctional glycoprotein for cancer. Immunome Res
9(62):16535

12. Mihara M, Uchiyama M (1978) Determination of malonaldehyde
precursor in tissues by thiobarbituric acid test. Anal Biochem 86(1):
271–278

13. Sedlak J, Lindsay RH (1968) Estimation of total, protein-bound,
and nonprotein sulfhydryl groups in tissue with Ellman's reagent.
Anal Biochem 25(1):192–205

14. Hadley M, Draper HH (1990) Isolation of a guanine-
malondialdehyde adduct from rat and human urine. Lipids 25(2):
82–85

15. Atroshi F, Sankari S, Osterberg S, SandholmM (1981) Variation of
erythrocyte glutathione peroxidase activity in Finn sheep. Res Vet
Sci 31(3):267–271

16. Gan H, Zhang Y, Zhou Q, Zheng L, Xie X, Veeraraghavan VP,
Mohan SK (2019) Zingerone induced caspase-dependent apoptosis
in MCF-7 cells and prevents 7,12-dimethylbenz(a) anthracene-
induced mammary carcinogenesis in experimental rats. J Biochem
Mol Toxicol 33(10):e22387

17. Rajendran J, Pachaiappan P, Subramaniyan S (2019) Dose-
dependent chemopreventive effects of citronellol in DMBA-
induced breast cancer among rats. Drug Dev Res 80(6):867–876

18. Zeweil MM, Sadek KM, Taha NM, El-Sayed Y, Menshawy S
(2019) Graviola attenuates DMBA-induced breast cancer possibly
through augmenting apoptosis and antioxidant pathway and down-
regulating estrogen receptors. Environ Sci Pollut Res Int 26(15):
15209–15217

19. Hecht F, Pessoa CF, Gentile LB, Rosenthal D, Carvalho DP,
Fortunato RS (2016) The role of oxidative stress on breast cancer
development and therapy. Tumour Biol 37(4):4281–4291

20. Gurer-Orhan H, Ince E, Konyar D, Saso L, Suzen S (2018) The role
of oxidative stress modulators in breast cancer. Curr Med Chem
25(33):4084–4101

21. Borges de Araújo CG, Oliveira do Nascimento Holanda A, de
Souza Rocha CV, Soares do Nascimento AP, Simplício Revoredo
CM, Borges da Silva B, do Nascimento Nogueira N, do
Nascimento Marreiro D (2015) Relationship between zincemia,
superoxide dismutase activity and marker of oxidatıve stress in
women with breast cancer. Nutr Hosp 32(2):785–791

22. Famurewa AC, Ekeleme-Egedigwe CA, David EE, Eleazu CO,
Folawiyo AM, Obasi NA (2020) Zinc abrogates anticancer drug
tamoxifen-induced hepatotoxicity by suppressing redox imbalance,
NO/iNOS/NF-ĸB signaling, and caspase-3-dependent apoptosis in
female rats. Toxicol Mech Methods 30(2):115–123

23. AminAH, El-MissiryMA,OthmanAI, Ali DA,GouidaMS, Ismail
AH (2019) Ameliorative effects of melatonin against solid Ehrlich
carcinoma progression in female mice. J Pineal Res 67(2):e12585

24. Luo M, Shang L, Brooks MD, Jiagge E, Zhu Y, Buschhaus JM,
Conley S, Fath MA, Davis A, Gheordunescu E, Wang Y, Harouaka
R, Lozier A, Triner D, McDermott S, Merajver SD, Luker GD,
Spitz DR, Wicha MS (2018) Targeting breast cancer stem cell state
equilibrium through modulation of redox signaling. Cell Metab
28(1):69–86.e6

25. Didžiapetrienė J, Kazbarienė B, Tikuišis R, Dulskas A,
Dabkevičienė D, Lukosevičienė V, Kontrimavičiūtė E, Sužiedėlis
K, Ostapenko V (2020) Oxidant/antioxidant status of breast cancer
patients in pre- and post-operative periods. Medicina (Kaunas)
56(2):E70

26. Gumulec J, Masarik M, Krizkova S, AdamV, Hubalek J, Hrabeta J,
Eckschlager T, Stiborova M, Kizek R (2011) Insight to physiology
and pathology of zinc(II) ions and their actions in breast and pros-
tate carcinoma. Curr Med Chem 18(33):5041–5051

27. Al-Saran N, Subash-Babu P, Al-Nouri DM, Alfawaz HA, Alshatwi
AA (2016) Zinc enhances CDKN2A, pRb1 expression and regu-
lates functional apoptosis via upregulation of p53 and p21 expres-
sion in human breast cancer MCF-7 cell. Environ Toxicol
Pharmacol 47:19–27

28. Jarosz M, Olbert M, Wyszogrodzka G, Młyniec K, Librowski T
(2017) Antioxidant and anti-inflammatory effects of zinc. Zinc-
dependent NF-κB signaling. Inflammopharmacology 25(1):11–24

29. Li Y, Li S, Zhou Y, Meng X, Zhang JJ, Xu DP, Li HB (2017)
Melatonin for the prevention and treatment of cancer. Oncotarget
8(24):39896–39921

30. Hill SM, Belancio VP, Dauchy RT, Xiang S, Brimer S, Mao L,
Hauch A, Lundberg PW, Summers W, Yuan L, Frasch T, Blask
DE (2015) Melatonin: an inhibitor of breast cancer. Endocr Relat
Cancer 22(3):183–204

31. Chang VC, Cotterchio M, Khoo E (2019) Iron intake, body iron
status, and risk of breast cancer: a systematic review and meta-
analysis. BMC Cancer 19(1):543

32. Elliott RL, Head JF, McCoy JL (1994) Relationship of serum and
tumor levels of iron and iron-binding proteins to lymphocyte im-
munity against tumor antigen in breast cancer patients. Breast
Cancer Res Treat 30(3):305–309

33. Rajizadeh A, Mozaffari-Khosravi H, Zavar-Reza J, Shiryazdi SM
(2017) Comparison of hematological parameters, iron levels, and
oxidative stress in women with and without breast cancer: a case-
control study. Med J Islam Repub Iran 31:114

The Effect of Zinc and Melatonin Administration on Lipid Peroxidation, IL-6 Levels, and Element Metabolism...



34. Quintana Pacheco DA, Sookthai D, Graf ME, Schübel R, Johnson
T, Katzke VA, Kaaks R, Kühn T (2018) Iron status in relation to
cancer risk and mortality: findings from a population-based pro-
spective study. Int J Cance 143(3):561–569

35. Hennigar SR, Kelley AM,McClung JP (2016)Metallothionein and
zinc transporter expression in circulating human blood cells as bio-
markers of zinc status: a systematic review. Adv Nutr 7(4):735–746

36. Jouybari L, Kiani F, Akbari A, Sanagoo A, Sayehmiri F, Aaseth J,
Chartrand MS, Sayehmiri K, Chirumbolo S, Bjørklund G (2019) A
meta-analysis of zinc levels in breast cancer. J Trace ElemMedBiol
56:90–99

37. Abdelgawad IA, El-Mously RH, Saber MM, Mansour OA,
Shouman SA (2015) Significance of serum levels of vitamin D
and some related minerals in breast cancer patients. Int J Clin Exp
Pathol 8(4):4074–4082

38. Choi R, KimMJ, Sohn I, Kim S, Kim I, Ryu JM, Choi HJ, Kim JM,
Lee SK, Yu J, Kim SW, Nam SJ, Lee JE, Lee SY (2018) Serum
trace elements and their associations with breast cancer subgroups
in Korean breast cancer patients. Nutrients 11(1):E37

39. Masjedi A, Hashemi V, Hojjat-Farsangi M, Ghalamfarsa G, Azizi
G, Yousefi M, Jadidi-Niaragh F (2018) The significant role of

interleukin-6 and its signaling pathway in the immunopathogenesis
and treatment of breast cancer. Biomed Pharmacother 108:1415–
1424

40. Weng YS, Tseng HY, Chen YA, Shen PC, Al Haq AT, Chen LM,
Tung YC, Hsu HL (2019) MCT-1/miR-34a/IL-6/IL-6R signaling
axis promotes EMT progression, cancer stemness and M2 macro-
phage polarization in triple-negative breast cancer. Mol Cancer
18(1):42

41. González-González A, García Nieto E, González A, Sánchez-
Fernández C, Alonso-González C, Menéndez-Menéndez J,
Gómez-Arozamena J, Cos S, Martínez-Campa C (2019)
Melatonin modulation of radiation and chemotherapeutics-
induced changes on differentiation of breast fibroblasts. Int J Mol
Sci 20(16):E3935

42. Unver N, McAllister F (2018) IL-6 family cytokines: key inflam-
matory mediators as biomarkers and potential therapeutic targets.
Cytokine Growth Factor Rev 41:10–17

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Gulbahce-Mutlu et al.


	The...
	Abstract
	Introduction
	Materials and Methods
	Animal Material and Groups
	Experimental Animals and Nutrition
	Experimental Procedures
	Induction of Breast Cancer
	Zinc Administration
	Melatonin Administration
	Obtaining Samples

	Biochemical Analysis
	Determination of Tissue Malondialdehyde Levels
	Tissue Glutathione Analysis
	Determination of Plasma Malondialdehyde Levels
	Erythrocyte Glutathione Analysis
	Determination of IL-6 Levels in Plasma
	Serum Trace Element Analysis (Magnesium, Iron, Copper, Zinc)

	Statistical Analysis

	Results
	Tissue and Plasma MDA Levels of Study Groups
	Tissue and Erythrocyte GSH Levels of the Study Groups
	Serum Element Levels of Study Groups
	Plasma IL-6 Levels of the Study Groups

	Discussion
	References


