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Zinc and melatonin supplementation ameliorates brain cortex
tissue damage in DMBA-induced breast cancer in rats
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ABSTRACT

BACKGROUND: This study aims to investigate the effects of zinc and melatonin supplementation on lipid
peroxidation in the brain cortex in DMBA-induced breast cancer in female rats.

METHODS: 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), DMBA+Melatonin & Zinc
(Group 5). At the end of the study, all animals were sacrificed by decapitation and Malondialdehyde (MDA)
and glutathione (GSH) levels in brain cortex tissue samples were determined via spectrophotometric methods.
RESULTS: The highest MDA levels were in the DMBA-treated group (Group 2) (p <0.05). MDA levels in
Group 3, Group 4, and Group 5 were significantly lower than in group 2 (p <0.05). Also, GSH levels in group

3, 4, and 5 were significantly higher than in group 2 (p <0.05).

CONCLUSION: There are no reports on whether DMBA-induced experimental breast cancer affects oxidative
stress in brain tissue. In this respect, our study revealed that the increased brain cortex tissue damage in
DMBA-induced breast cancer is alleviated by Zinc, melatonin, or combined zinc and melatonin treatment

(Fig. 3, Ref. 26). Text in PDF www.elis.sk
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Introduction

Human breast cancer is an extremely complex and dangerous
disease (1). Cancer treatment has become increasingly challenging
and incurable due to the emergence and prevalence of multidrug
resistance, the non-specific systemic distribution of anti-tumor
agents, insufficient drug concentrations reaching the tumor site,
and the limited ability to monitor cytotoxicity and therapeutic re-
sponses (1, 2). In order to overcome this problem, new strategies
are investigated to treat cancer or help the treatment currently
being carried out. Due to its similarity to human breast cancer,
the experimental breast cancer model created in rats is a highly
preferred method (3). DMBA (7,12-Dimethylbenz(a)anthracene)
induced breast carcinomas have become the standard laboratory
model of breast carcinogenesis in female rats (4). DMBA is a
synthetic polycyclic aromatic hydrocarbon commonly used as a
prototype agent in mutation and cancer research since DMBA-
mediated biochemical, molecular, genetic and histopathological
changes in rats are similar to those observed in human cancers (5).
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Studies have shown the role of trace elements in anticancer
mechanisms (6). Zinc, as a catalytic component of more than 300 en-
zymes, especially those involved in the antioxidant defense system,
such as metallotionins, copper/zinc superoxide dismutase, is a trace
element that attracts a lot of attention in anti-carcinogenic events
(6). Zinc also functions as the cofactor of proteins that control re-
sponses to matrix metalloproteinases (MMPs), which are involved
in the pathogenesis of breast cancer (7). Changes in zinc concentra-
tions may play an important role in cell dysfunction and prolifera-
tion, including the development and progression of this disease (8).

The role of melatonin produced and secreted by the pineal
gland, as an anti-carcinogenic agent has been extensively inves-
tigated in the past few decades (9). Melatonin has been evaluated
in various types of cancer, especially breast carcinoma (10). While
melatonin inhibits tumor growth by reducing cell proliferation,
it also has anti-metastatic, pro-apoptotic, anti-angiogenic, anti-
oxidant/anti-mutagenic and immuno-enhancing effects (9, 10).
These effects of melatonin make it an excellent agent to reduce
the risk of carcinogenesis in humans (9, 10).

The aim of this study is to investigate the effects of zinc and
melatonin administration on lipid peroxidation in brain tissue (cor-
tex) in DMBA-induced breast cancer in female rats.

Methods
Animal material and groups

The study included recently weaned (40-day old) female rats
of Wistar type. The study protocol was approved by Selcuk Uni-
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Fig. 1. Malignant changes were determined in breast tissue (HE: X40).
a, b, c: Intergroup means with different superscripts in the same co-
lumn show significant difference (p < 0.05).

versity Experimental Medicine Research and Application Center,
Animal Experiment Ethics Committee (2016-31). The 42 female
rats included in the study were grouped as follows:

Group 1 (n:6), Control Group: The group was fed on a normal
diet and not subjected to any procedure.

Group 2 (n:6), DMBA Control 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 fed on a normal diet.

Group 3 (n:10), DMBA+Zinc 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.) zinc
along with their normal diet for 4 weeks.

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.) mela-
tonin along with their normal diet for 4 weeks.

Group 5 (n:10) DMBA+Melatonin and Zinc Group: The ani-
mals in this group were administered 80 mg/kg 7,12-dimethyl[a]
anthracene (DMBA) in colza oil (canola) through gavage to in-
duce a tumor, and supplemented with 5 mg/kg/day intraperitoneal
(i.p.) melatonin and zinc combination along with their normal
diet for 4 weeks.

Feeding experimental animals

The experimental animals were housed in a separate room at
the Selcuk University Experimental Medicine Research and Ap-
plication Centeruntil until the end of the study. They were kept
in an environment with standard temperature and light (21+1 °C
and 12-hour dark, 12-hour light). Rats were fed with tap water and
rat feed provided by Selcuk University Experimental Medicine
Research and Application Center. They were accommodated in
special cages which were cleaned daily. The animals were given
10 grams of feed per 100 grams of body weight.
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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 ad-
ministered through gavage. One week after the administration, the
animals’ breast tissues were examined by palpation to check the
enlargement of breast tissue. After the enlargement in the breast
tissue became evident, 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 pre-
sence of the tumor was pathologically detected by light micro-
scopic examination, zinc and melatonin supplementation started
(Fig. 1). Tumor development was pathologically detected in the
10th week after DMBA administration.

Tissue sample collection

After 4-week treatments, brain cortex tissue samples were
obtained from animals sacrificed under general anesthesia. Tissue
samples were kept at —80 °C until the time of analysis.

Biochemical analyses

Identification of Brain Cortex Tissue Malondialdehyde (MDA)
Analysis

MDA analyses in the brain cortex tissue were carried out
according to TBA (thiobarbituric acid) technique developed by
Uchiyama and Miharama (11). Results of tissue MDA analyses
were determined as nmol/ g tissue in the spectrophotometer.

Identification of Brain Cortex Tissue Glutathione Analysis

GSH in the brain cortex tissue was analyzed using the Biuret
method as described by Ellman (12) and the results were deter-
mined as mg/g tissue.

Statistical analysis

Statistical evaluation of the results was made with SPSS 22.0
statistical software, and arithmetic means and standard devia-
tions of all parameters were calculated. Kruskal-Wallis H test was
used to determine the differences between the groups, and Mann-
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Fig. 2. Comparison of MDA Levels in Cortex Tissue of the Groups. a,
b, c: Intergroup means with different superscripts in the same column
show significant difference (p < 0.05).
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Fig. 3. Comparison of GSH Levels in Cortex Tissue of the Groups.

-Whitney U test was utilized to find the group causing difference.
p < 0.05 values were considered statistically significant.

Results

The highest brain MDA levels were found in the control group
(G2) that developed DMBA-induced breast cancer (p < 0.05).
MDA levels of DMBA + Zinc (G3) group, DMBA + Melatonin
(G4) group and DMBA (G5) group where Melatonin and Zinc
were applied in combination were significantly lower than in G2
(p < 0.05) (Fig. 2). Similarly, the study revealed that the brain
GSH levels of DMBA + Zinc (G3) group, DMBA + Melatonin
(G4) group, and DMBA group (G5) where Melatonin and Zinc
were administered in combination were significantly higher than
in the control group (G2) with DMBA-induced breast cancer in
(p <0.05) (Fig. 3).

Discussion

DMBA, which is used to induce experimental breast carcino-
mas in rats, affects various biochemical and physiopathological
processes and causes oxidative damage by disrupting tissue redox
balance (13). As aresult, DMBA increases the formation of reactive
oxygen species (ROS) and causes oxidative stress (14). Increased
oxidative stress plays a role in carcinogenesis (15). Central ner-
vous system metastasis has been reported in 15-25 % of breast
cancer patients and incidence rates are increasing (16). However,
there are no reports on how DMBA-induced experimental breast
cancer affects oxidative stress in brain tissue. In our study, the
highest MDA levels in the brain cortex were found in the control
group (G2) with DMBA-induced breast cancer. This is a critical
finding, as it shows increased tissue damage in the brain cortex
in DMBA-induced rats.

Many studies show that zinc deficiency is highly associated
with increased levels of oxidative stress biomarkers such as lipid
peroxidation products and DNA oxidation products (17, 18). Zinc
supplement suppresses or alleviates these negative effects (17,
18). These findings suggest that zinc may have a protective role
as a pro-antioxidant agent or agent in reducing the production and
accumulation of free radical products. Indeed, zinc acts as a com-
mon factor for important enzymes that contribute to the proper

functioning of the antioxidant defense system (18). In addi-
tion, this mineral protects against oxidative damage and induces
metallothionein synthesis as it affects the stabilization of cell
membranes (18). Metallothionein plays a role in reducing hydro-
xyl radicals (OH) and eliminating reactive oxygen species pro-
duced under stress conditions (18). Studies have highlighted the
role of glutathione in the regulation of peroxidase and metallo-
thionein expression, as well as the role of zinc as a co-factor for
superoxide dismutase (17, 18). In addition, zinc competes with
iron and copper in the cell membrane, inhibits the NADPH-oxi-
dase enzyme, and reduces chronic inflammation and hyperglyce-
mia (18, 19). The zinc supplement given to animals with DMBA-
induced breast cancer resulted in significant suppression in MDA
levels in brain cortex tissue in our study. This finding is consis-
tent with the findings of the researchers who emphasize that zinc
has a protective effect against oxidative damage (17, 18). It was
pointed out that zinc supplementation may prevent tissue damage
in the early stages of cancer, but this preventive effect may be
dose-dependent (20). The report of Onaolapo et al (21), showing
that zinc supplementation prevents oxidative stress in the brain
tissues of mice, is compatible with decreased MDA in the brain
cortex, which we found in our study with zinc supplementation.
In our study, zinc supplementation to animals with DMBA-in-
duced breast cancer led to a significant increase in GSH levels in
brain cortex tissue compared to the DMBA group. MDA values,
which we found to be suppressed in the brain cortex tissue with
zinc supplementation, are the result of an increase in GSH levels
thanks to zinc supplementation. Zinc has been found to be effec-
tive in preventing tissue damage by increasing antioxidatnt activi-
ty in breast cancer treatment (22). As a matter of fact, antioxidant
activity also has an important role in the basis of the anti-cancer
effects of zinc. In this respect, the increased GSH and suppressed
MDA levels we found in the DMBA group with zinc supplemen-
tation were compatible with the reports presented.

Melatonin, a pineal hormone, has strong anti-breast cancer
activity and aging-related decrease in melatonin levels is asso-
ciated with tumoral events in the body (23). The direct free radical
scavenging effect of the hormone melatonin has been known for
a long time (23, 24). In addition, melatonin is a highly effective
internal antioxidant that regulates glutathione synthesis and stimu-
lates antioxidative enzymes, including glutathione peroxidase and
glutathione reductase (24). The antioxidant functions of melatonin
mentioned make this molecule an important endogenous actor that
prevents free radical damage (23, 24). In this study, melatonin
supplementation in animals with DMBA-induced breast cancer
resulted in significant suppression of MDA levels in brain cortex
tissue and a significant increase in GSH levels. Abadi et al (25)
reported that melatonin supplementation in mice exposed to radia-
tion suppresses tissue and plasma MDA levels, resulting in a sig-
nificant increase in GSH levels in tumoral tissues when compared
to non-melatonin supplemented rats. Kurhaluk et al (26) reported
that increased oxidative damage in both breast and heart tissue was
prevented by supplementing melatonin in breast cancer-induced
female rats. Our findings are in parallel with the findings of the
researchers whose reports are presented above.
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In our study, we obtained similar results with the combined
administration of zinc and melatonin in rats with DMBA-induced
breast cancer. That is, the combined administration of melatonin
and zinc suppressed the oxidative damage in the brain tissue by
increasing the antioxidant activity in rats with breast cancer. How-
ever, it should be emphasized that the combined administration of
zinc and melatonin was not more successful than supplementation
of zinc or melatonin alone.

There are no reports of how DMBA-induced experimental
breast cancer affects oxidative stress in brain tissue. In this respect,
our study revealed that; 1. Oxidative damage occurs in the brain
tissue cortex of rats with DMBA-induced breast cancer. 2. Tis-
sue damage in the brain cortex is prevented with zinc, melato-
nin and zinc+melatonin combination. 3. The preventive effect
of zinctmelatonin combination on oxidative damage was not
different from the administration of zinc or melatonin alone. The
absence of a difference may be related to the duration or dose of
the zinc+melatonin combination administered.

The findings of the study showed that increased brain tissue
(cortex) damage in DMBA-induced breast cancer is suppressed
by zinc, melatonin and zinc+melatonin supplementation. Supple-
mentation of zinc, melatonin and zinc+melatonin combination may
contribute to the prevention of tissue damage in tumoral events.
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