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Abstract: The purpose of this study was to investigate the effects of zinc and melatonin administration
on lipid peroxidation in various tissues in DMBA-induced breast cancer in female rats. A total of 42
recently weaned Wistar rats were divided into 5 groups in the study: Group 1 (Control), Group 2
(DMBA Control), Group 3 (DMBA+Zinc), Group 4 (DMBA+Melatonin), Group 5
(DMBA+Melatonin, and Zinc). MDA (malondialdehyde) and GSH (glutathione) levels were
determined via the spectrophotometric method in the lung, liver, spleen, pancreas, and kidney tissue
samples taken from experimental animals. The highest lung, liver, spleen, pancreas, and kidney tissue
MDA levels were obtained in the DMBA-induced breast cancer group control group (G2) (p<0.05).
MDA levels in DMBA+Zinc (G3), DMBA+Melatonin (G4), and DMBA+Melatonin and Zinc (G5)
were significantly lower than group 2 (p<0.05). Similarly, lung, liver, spleen, pancreas, and kidney
tissue GSH levels of DMBA+Zinc (G3), DMBA+Melatonin (G4), and DMBA+Melatonin and Zinc
(G5) were significantly higher than that of Group 2 (p<0.05). The findings of the study indicated that
increased lung, liver, spleen, pancreas, and kidney damage in DMBA-induced breast cancer is
suppressed with the supplementation of zinc, melatonin, and combined zinc and melatonin.
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1. Introduction

Oxidative stress is caused by an imbalance in the body’s redox state. In such a case,
increased free radicals in the body can cause tissue damage [1]. In such a case, increased free
radicals in the body may lead to tissue damage [1]. One of the most important types of free
radicals isreactive oxygen species (ROS) produced by various metabolic pathways, including
aerobic metabolism in the mitochondrial respiratory chain [1,2]. ROS plays a critical role in
the formation and progression of various types of cancer. ROS affects different signal paths,
including growth factors and mitogenic pathways. It controls many cellular processes,
including cell proliferation, thereby stimulating the uncontrolled growth of cells that promote
the development of tumors and initiate the carcinogenesis process [2]. Increased oxidative
stress can reduce the antioxidant defense of the body against angiogenesis and metastasis in
cancer cells caused by reactive species. These processes are the main factors in the
development of cancer [1]. As a result, oxidative stress damages lipids, proteins, and nucleic
acids in breast cancer supporting oncogenesis, and tumor progression [2]. Experimental
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evidence suggests that ROS plays a role in the initiation, development, and progression of
carcinogenesis, in which tumor suppressor genes are rendered inactive or lose their function in
breast cancer [2,3]. It was reported that high levels of oxidant markers and low levels of
antioxidants were found in breast cancer [1-3].

Breast cancer is the most common malignant disease among women around the world.
It is a heterogeneous disease, and its pathogenesis remains uncertain in most cases [4,5].
Significant progress has been made in the early detection and better treatment of breast cancer
[5]. However, organ metastasis is common, especially in people with poor prognosis [4]. Breast
cancer cells can spread to remote sites, especially the lung, liver, bone, and brain [5]. The lung,
bone, and liver are the most common metastatic target sites for breast cancer [4,5]. Although
metastasis to the kidney is rare in clinical practice in breast cancer, there are also reports that it
has been observed [6].

Similarly, breast cancer metastases for pancreas is a very rare condition [7]. However,
there are publications reporting pancreatic metastasis in breast cancer [8]. Breast cancer
accounts for less than 5% of metastatic pancreatic masses [7]. There are no studies
investigating, in combination, oxidative stress and antioxidant activity status in the lung, liver,
spleen, pancreas, and kidney tissues, also known as metastatic regions in breast cancer.

The aim of this study was to investigate the effects of zinc and melatonin administration
on lipid peroxidation in various tissues in DMBA-induced breast cancer in female rats.

2. Materials and Methods
2.1. Animal material and groups.

The study included recently weaned (40-day old) female rats of Wistar type. The study
protocol was approved by the Selcuk University 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.) melatonin along with their
normal diet for 4 weeks.

Group 5 (n:10) DMBA+Melatonin and 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.) melatonin
and zinc combination along with their normal diet for 4 weeks.
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2.2. Feeding experimental animals.

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-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.

2.3. Experimental procedures.

2.3.1. 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. 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
presence of the tumor was pathologically detected by light microscopic examination, zinc and
melatonin supplementation started (Figure 1). Tumor development was pathologically detected
in the 10th week after DMBA administration.

Figure 1. Malignant changes were determined in breast tissue (HE:X40).

2.3.2. Tissue sample collection.

After 4-week treatments, lung, liver, spleen, pancreas, and Kidney tissue samples were
obtained from animals sacrificed under general anesthesia. Tissue samples were kept at -80°C
until the time of analysis.
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2.4. Biochemical analyses.

2.4.1. Identification of Lung, Liver, Spleen, Pancreas, and Kidney Tissue Malondialdehyde
(MDA) Analysis.

MDA analyses in the lung, liver, spleen, pancreas, and kidney tissue were carried out
according to TBA (thiobarbituric acid) technique developed by Uchiyama and Miharama [9].
Results of tissue MDA analyses were determined as nmol/gr tissue in the spectrophotometer.

2.4.2. ldentification of lung, liver, spleen, pancreas, and kidney tissue glutathione analysis.

GSH in the lung, liver, spleen, pancreas, and kidney tissue was analyzed using the
Biuret method as described by Ellman [10], and the results were determined as mg/gr tissue.

2.5. Statistical analysis.

Statistical evaluation of the results was made with SPSS 22.0 statistical software, and
arithmetic means and standard deviations of all parameters were calculated. Kruskal-Wallis H
test was used to determine the differences between the groups, and the Mann-Whitney U test
was utilized to find the group causing the difference. P<0.05 values were considered
statistically significant.

3. Results and Discussion

The highest lung, liver, spleen, pancreas, and kidney tissue MDA levels were obtained
in the DMBA-induced breast cancer control (G2) group (p<0.05). MDA levels of DMBA+Zinc
(G3) group, DMBA+Melatonin (G4) group, and DMBA + combined melatonin and zinc (G5)
group were significantly lower than G2 (Figure 2, p<0.05). In addition, lung, liver, spleen,
pancreas and kidney tissue GSH levels of DMBA+Zinc (G3) group, DMBA+Melatonin (G4)
group and DMBA+ melatonin and zinc administration group (G5) were significantly higher
than DMBA-induced breast cancer control group (G2) (Figure 3, p<0.05).

This study investigated the effects of individual and combined administration of zinc
and melatonin on lipid peroxidation in lung, liver, spleen, pancreas and kidney tissues in
DMBA-induced female rats.

One of the most commonly used parameters as an indicator of oxidative stress and
tissue damage is the determination of MDA levels. For this reason, MDA levels in the lung,
liver, spleen, pancreas, and kidney tissues were determined as an indicator of oxidant stress.
The highest tissue and plasma MDA levels in our study were obtained in the DMBA (G2)
group. Increased oxidative stress parameters have been reported in many experimental studies
with DMBA-induced cancer [11-13]. A significant increase in MDA levels in the lung, liver,
spleen, pancreas, and kidney tissues of DMBA-induced rats is in parallel with the findings of
the studies mentioned above.

The role of oxidative stress is important in many human diseases, including cancer. A
wide range of antioxidants has been proposed for the prevention of oxidative stress in humans
[14]. Zinc is an essential trace element necessary for the structure and function of a large
number of macromolecules, including enzymes that regulate cellular processes and cellular
signaling pathways [15]. Zinc modulates the immune response and shows antioxidant and anti-
inflammatory activity [16].
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Figure 2. Comparison of MDA Levels in Lung, Spleen, Liver, Pancreas and Kidney tissues of Groups [a, b, c:
There was a significant difference between groups in the same column and carrying different letters (P<0.05)].
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Figure 3. Comparison of GSH Levels in Lung, Spleen, Liver, Pancreas and Kidney tissues of Groups [a, b, c:
There was a significant difference between groups in the same column and carrying different letters (P<0.05)].

Zinc delays oxidative processes in the long term by inducing the expression of
metallothioneins. These metal-binding cysteine-rich proteins are responsible for maintaining
zinc-related cell homeostasis and function as powerful free radical scavengers [16]. It can
replace redox-active metals such as zinc, copper, and iron in certain binding sites and alleviate
cellular region-specific oxidative injury [15,16]. When the MDA levels of the zinc-
administered DMBA (G3) group were examined, zinc supplementation caused a significant
suppression in tissue MDA levels in comparison to the DMBA-induced (G2) group. Zinc has
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been reported to prevent oxidant stress in the tissues of the lung [17], liver [18], spleen [19],
pancreas [20], and kidney [21]. In our study, decreased MDA values in the lung, liver, spleen,
pancreas, and kidney tissues obtained in the DMBA-induced group (G3) are consistent with
the studies mentioned above.

In many studies, it has been shown that melatonin is associated with oxidative stress
and has antioxidant properties as a radical collector directly and indirectly [22,23]. Although
melatonin does not need any binding site and receptor for its free radical collecting effect, it
can easily pass the blood-brain barrier due to its lipophilic properties [24]. In addition to these
properties, it is considered as a very powerful antioxidant because it can eliminate the most
harmful radical, hydroxyl radical [24]. In our study, we obtained a finding similar to zinc
supplementation in the group where DMBA-induced and melatonin were administered (G4).
Compared to the DMBA-induced cancer control group (G2), melatonin supplementation in
Group 3 caused a significant suppression in MDA levels in lung, liver, spleen, pancreas, and
kidney tissues. Melatonin has been reported to prevent oxidant stress in the tissues of the lung
[25], liver [26], spleen [27], pancreas [28], and kidney [29]. In our study, decreased MDA
levels in the lung, liver, spleen, pancreas, and kidney tissues in the melatonin administered
DMBA-induced group (G3) are in parallel with the findings of the researchers mentioned
above.

It was found that MDA levels in the combined zinc and melatonin administered DMBA
group (Gb5), were significantly suppressed in lung, liver, spleen, pancreas, and kidney tissues
when compared to DMBA-induced breast cancer group (G2). These results support the view
that the combined administration of melatonin and zinc prevents tissue damage [30].

Non-enzymatic antioxidant systems are the second line of defense against free radical
damage. GSH is used as a measure for the assessment of antioxidant. It also acts as an
antioxidant at the intracellular and extracellular levels [31]. At the same time, it is responsible
for protecting the cell against the genotoxic effects of free radicals and protecting against
neoplasm by taking part in the immune system [31]. Impaired GSH level is effective in the
pathogenesis of many diseases such as cancer and liver diseases [31,32].

In our study, the lowest GSH levels in the lung, liver, spleen, pancreas, and kidney
tissues were obtained in the DMBA-induced breast cancer control group (G2). It has been
reported that antioxidants, such as both enzymatic and non-enzymatic GSH, decrease in the rat
model of DMBA-induced breast cancer [12, 33]. This finding is in line with the studies
reporting that antioxidant activity is suppressed in DMBA-induced rats.

We found that the GSH levels of the DMBA groups where zinc (G3), melatonin (G4),
and the combination of zinc and melatonin (G5) were administered were significantly higher
than DMBA-induced control group (G2). Zinc is considered an anticarcinogenic element. The
cancer-preventive effect of zinc is mostly associated with its antioxidant properties [34-36].
Similarly, it is accepted that melatonin prevents cancer development, and this effect is
associated with its strong antioxidant activity [37,38]. In addition, the combined administration
of melatonin and zinc increases antioxidant activity and prevents tissue damage [30].

4. Conclusions

When the results of our study are evaluated as a whole, it shows that increased lung,
liver, spleen, pancreas and kidney damage in DMBA-induced breast cancer is suppressed with
the support of zinc, melatonin and combined zinc and melatonin. The combined administration
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of zinc and melatonin may contribute to the prevention of lipid peroxidation occurring in
tumoral events.
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