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Abstract

The mussels are living things that collect the pollutants in sea water and filter the sea water. Although
there are few data about the toxicity of seafood that is exposed to environmental pollution, there are no
animal studies about the gastric toxicity of mussels grown in the Dardanelles. The purpose of the study
is to demonstrate the inducible nitric oxide synthase (iNOS) immunoreactivity in the gastric tissues of
rats which are fed with mussels that are collected from the Camburnu region of the Dardanelles. For
this purpose, four groups (n = 6) of rats were included in the study. The control group received standard
rat feed every day. The second group was given 75% mussels every day and 25% standard rat diet. The
third group received a 75% mussel and 25% standard rat diet every two days. The fourth group was
given 75% mussels and 25% standard rat diet every three days. iNOS immunoreactivity was detected
0% in control group, 29.17% in the second group, 28.83% in the third group and 13.33% in the fourth
group. There was statistically significant difference between the iNOS immunoreactivity of epithelial
cells in the gastric mucosa of the rats in the experimental and control groups (p> 0.05). Detection of
iNOS in the gastric mucosa of rats fed with mussel that we use in our work suggests that it may
promote digestive system diseases.
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1. Introduction

Heavy metals are natural components of the earth’s crust and as such are the oldest toxins known to
humans, having been used for thousands of years. Potential exposures to heavy metals include natural
sources (eg, groundwater, metal ores), industrial processes, commercial products, folk remedies, and
contaminated food and herbal products. Virtually all heavy metals are toxic in sufficient quantities.
Several, however, are of particular interest because of their concentrations in the environment (lead,
mercury, and arsenic) or their use in criminal poisonings (arsenic and thallium). Entering our bodies by
way of food, drinking water, and air, metals producetoxicity by forming complexes with cellular
compounds containing sulfur, oxygen, or nitrogen. The complexes inactivate enzyme systems or
modify critical protein structures leading to cellular dysfunction and death. The most commonly
involved organ systems include central nervous, gastrointestinal (Gl), cardiovascular, hematopoietic,
renal, and peripheral nervous systems. The nature and severity of toxicity vary with the heavy metal
involved, its exposure level, chemical and valance states (inorganic versus organic), mode of exposure
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(acute versus chronic), and the age of the individual (Ibrahim et. al., 2000). IARC, (1987) has
explained that heavy metals may affect and cause chronic degenerative changes and, in some cases,
teratogenic and carcinogenic effects, especially by affecting the nervous system, liver and kidneys.

In our previous research have investigated the accumulation of heavy metals in the carpet shell clam,
clam, sea snails and oysters from the Dardanelles Umurbey region. In this research, Zn in carpet shell
clams, Zn and Mn in clams, Zn in oysters, Al, Zn, Fe, Cu and Mn in sea snails found the metals as
high. If the same zone is in seawater, the Zn level is high (Gezen et. al., 2011). In sea chestnuts
growing in Dardanells, the values of Al, Zn, and Fe in samples taken from Gelibolu Hamzakoy station
are high. Al and Fe values were higher in samples taken from Cardak region. Al, Fe and Zn values
were higher in samples taken from Umurbey region. Al, Fe and Zn values were higher in samples taken
from Camburnu region (Gezen et. al, 2011). In our previous research have investigated the
accumulation of heavy metals in the carpet shell clam, clam, sea snails and oysters from the
Dardanelles Karacadren region. In this research, Al, Zn and Fe in carpet shell clams, Zn and Mn in
clams, Zn in oysters, Al, Zn, Fe, Cu and Mn in sea snails found the metals as high (Demir et. al., 2011).
The mechanism of toxicity of some heavy metals still remains unknown, although enzymatic
inhibition, impaired antioxidants metabolism, and oxidative stress may play a role. Heavy metals
generate many of their adverse health effects through the formation of free radicals, resulting in DNA
damage, lipid peroxidation, and depletion of protein sulfhydryls (e.g., glutathione) (Valko et. al., 2005).
Although not fully proven, Al accumulation in the brain is proposed to be associated with
neurodegenerative diseases, including Alzheimer’s dementia, Parkinson’s disease, amyotrophic lateral
sclerosis, and dialysis encephalopathy (Gongalves and Silva, 2007). Nutritional status is another
significant risk factor for Pb intoxication and its effects. Iron, zinc and calcium deficiencies increase
the retention of ingested Pb, which can also increase Pb gastrointestinal absorption (Goyer, 1996; Ruff
et. al., 1996), and affect the susceptibility to Pb neurotoxicity (Aimo and Oteiza, 2006). Human
exposure to Al is mainly caused by environmental factors, such as soil contamination (Yokel et. al.,
2008). Al absorption are the gastrointestinal tract (lttel, 1993).

Minerals play a critical role in INOS expression. High levels of copper increase iNOS expression in
lung, liver, and aorta (Cuzzocrea et. al.,2003), thus demonstrating that exessive copper can have
detrimental effects on both constitutive and inducible NO synthesis. The combined effects of increased
iINOS expression and decreased eNOS activity in the same anatomical location could have profound
consequences on inflammatory processes of cells within the cardiovascular bed. Iron either increases
iNOS expression in macrophages and proximal tubules (Chen et. al., 2001) or supresses elevated iNOS
protein levels in the hearth and kidney (Ni et.al., 1997). Thus, iron excess or deficiency can impair
immunlogical, cardiovascular, and renal function. In addition, zinc modulates iINOS expression in the
small intestine, thereby preventing cytokine-induced diarrhea (Cui et. al., 1997). In addition, chromium
and lead inhibit, but nickel and cobalt incresae, INOS expression in activated macrophages (Tian and
Lawrence 1997), suggesting an important role for NO in mediating the cytotoxic effects of
environmental contamination by metals.

We could not find any research about the changes that the living creatures that consumed the mussel
growing in the contaminated water could bring about in the digestive system. Mussels are a seafood
that is consumed frequently by our people. A large part of the mine consumed in our country is
collected from Dardanelles. The purpose of the study is to demonstrate INOS immunoreactivity in the
gastric tissues of rats which are fed with mussels that are collected from the Camburnu region
(Canakkale, Turkey).

2. Material And Method
2.1. Ethics Statement

A total of 24 male Wistar albino rats, weighing 290-310 g, were used in the study. The study protocol
was approved by the Canakkale Onsekiz Mart University Ethical Counsil of Animal Research
(Protocol number- 2010/09-03).

2.2. Animal Model

The rats were kept for 30 days under appropriate conditions of temperature/humidity and a 12-h light
cycle while being provided sufficient water and feed. The rats were randomly selected and divided into
4 groups. For the first study group (n: 6), was the control group; standard rat diet was given every days.
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For the second study group (n: 6), 75% mussels + 25% standard rat diet standard rat feeds were given
daily. For the third study group (n: 6), 75% mussels + 25% standard rat diet was given every two days.
Standard rat diet was given the other day. For the fourth group (n: 6), 75% mussels + 25% standard rat
diet was given every three days. Standard rat diet was given the other two day.

Rats were fed twice daily for 30 days at 15% of their weight every morning and evening at the same
time. The mussels given as food to the rats were removed from the Dardanelles Camburnu region
(Figure 1). Average 100+10 g weight were selected. After the beaks were overcooked, the meat broke
off and the meat at 100 degrees was dried.

Figure 1. The area where the mussels are collected. Arrow: Camburnu region (Canakkale,
Turkey), Star: Dardanelles

It was weighed into each rat's weight and 10 mg/kg intraperitoenal ketamine hydrochloride (Ketalar,
Eczacibasi, Istanbul, Turkey), and 20 mg/kg of xylazine 2% (Rompun, Bayer Turkey Pharmaceutical
Ltd., Istanbul, Turkey) were anesthetized. The rats were anesthetized and then sacrificed. After the rats
have received the stomachs other organs were also taken for further research.

2.3. Histological evaluation

The stomach tissues were maintained in immunofix (Leica) for 24 hours for histopathological
examination. The tissue was routinely subjected to histopathological procedures and blocked.
Immunohistochemical staining method was applied by cutting the paraffin embedded stomach tissues 3
microns in thickness.

The LAB-SA Detection System, (Histostain-Plus Bulk Kit, Invitrogen) was applied to determine
immunohistochemical localization of iINOS enzyme in tissues. Sections taken from paraffin blocks
were deparaffinized and rehydrated. Subsequently, tissue samples were resuspended in 0. 2% Triton X
100 (Santa Cruz Biotechnology) solution prepared with Phosphate Buffer Saline (PBS, Invitrogen) for
5 min. were kept. This allowed better passage of solutions from the pores in the cell and nucleus
membranes. The tissue samples confined to the Pap pen were washed three times with PBS for 3 min.
Subsequently, 3% H,0, was applied to the sections to block endogenous peroxidase activity. The
sections were incubated in citrate buffer (0. 1 M, pH: 6. 0) in the microwave (800 watt, 10 min) for
antigen retrieval, and the samples were washed with phosphate buffer solution (PBS, 0. 1 M, pH 7. 2).
After the samples had been incubated in the blocking buffer for 10 min, they were washed with PBS.
Next, slides were incubated with anti-iNOS (inducible nitric oxide synthase) antibody (anti-NOS2,
Santa Cruz Biotechnology), which was diluted at 1: 400 for the stomach tissue, for an hour at room
temperature, and they were then washed with PBS. Afterwards, biotinylated secondary antibody was
applied to the samples for 30 min (Ultravision Detection System, Thermo Scientific, Fremont, USA).
Then the samples were washed with PBS again and incubated with Broad Spectrum Antibody
(Invitrogen, USA) for 30 min. After washing the samples, diaminobenzadine-tetrahydrochlorid (DAB,
Invitrogen Corporation) was applied to them. Negative control was used to determine specific iINOS
immunoreactivity, and hematoxylin stain was used as a nuclear counter stain.

Dye samples were evaluated on the Zeiss AXIO Scope 1 brand research microscope. Analysis of INOS
immunoreactive cells in the stomach tissue was performed using the Leica LAS V3.8 image analysis
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system. Five of the sections from the blocks containing the stomach tissues of all the rats in all groups
were stained. From the stained sections, 1000 cells were counted and immunoreactive cells were
identified among these cells. For this purpose;

Immunopositive cells / Total cell count (1000) X 100 % = ................... % formula were used (Bakir
et. al., 1996; Avunduk et. al., 2000).

2.4. Statistical analysis

Data was analyzed using SPSS program, version 19.0 One-way analysis of variance (ANOVA),
Tukey’s test was used to analyze the data. The difference between the groups was considered
significant in the results of p <0.05.

3. Results

In immunohistochemical staining with iNOS, a significant difference was observed in the gastric
epithelial cells of the rats given mussels per day, every other day and every three days compared to rats
fed with normal feed (p<0.05).

Dark brown staining in the cytoplasm of the cells was considered positive. INOS immunoreactivity
could not be detected in gastric mucosa cells of rats fed standard rat diet (Figure 2).

Figure 2. For the first study group was the control group; standard rat diet was given every days. Rat
stomach, (iNOS x 10). Star: Lamina propria mucosa, Pointed arrow: Lamina muscularis mucosa

In the second group, in the surface epithelial cell cytoplasm and stomach gland cells cytoplasm showed
iINOS immunoreactivity. In the superficial mucous cell cytoplasm, isthmus and neck mucous cells, the
iINOS immunoreactivity was mild, whereas the cytoplasm of the cells in the basal region was strongly
stained (Figure 3).

40| Page
www.iiste.org


http://www.iiste.org/

International Journal of Scientific and Technological Research www.iiste.org
ISSN 2422-8702 (Online) o
ST

Vol 4, No.5, 2018

Figure 3. For the second study group; 75 mussels + 25% standard rat diet standard rat feeds were
given daily. Rat stomach, (iNOSx10). Star: Lamina propria mucosa, Pointed arrow: Lamina
muscularis mucosa, Arrow head: Lamina submucosa, Crossed: Tunica muscularis Arrows: iNOS
positive cells

In the third group, in the surface epithelial cell cytoplasm and stomach gland cells cytoplasm showed
iINOS immunoreactivity. In the superficial mucous cell cytoplasm, isthmus and neck mucous cells, the
iINOS immunoreactivity was mild, whereas the cytoplasm of the cells in the basal region was strongly

stained (Figure 4).

Figure 4. For the third study group; 75% mussels + 25% standard rat diet was given every two days.
Standard rat diet was given the other day. Rat stomach, (iINOSx10). Star: Lamina propria mucosa,
Pointed arrow: Lamina muscularis mucosa, Arrow head: Lamina submucosa, Crossed: Tunica
muscularis, Arrow: iNOS positive cells

In the fourth group, in the surface epithelial cell cytoplasm and stomach gland cells cytoplasm showed
iINOS immunoreactivity. In the superficial mucous cell cytoplasm, isthmus and neck mucous cells, the
iINOS immunoreactivity was mild, whereas the cytoplasm of the cells in the basal region was strongly

stained (Figure 5).
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Figure 5. For the fourth group; 75% mussels + 25% standard rat diet was given every three days.
Standard rat diet was given the other two day. Rat stomach, (iNOSx10). Star: Lamina propria mucosa,
Pointed arrow: Lamina muscularis mucosa, Arrow head: Lamina submucosa, Arrows: iNOS positive
cells

In the epithelial cells of the gastric mucosa in the all group, iNOS immunopositive cells could not be
detected by negative staining (Figure 6).

Figure 6. For the second study group; 75% mussels + 25% standard rat diet standard rat feeds were
given daily. Rat stomach, negative control, (iNOSx10). Star: Lamina propria mucosa, Pointed arrow:
Lamina muscularis mucosa

The increase of INOS immunoreactivity in the gastric gland and surface epithelial cells of the stomach
between the control group and the other groups was statistically significant. The iINOS
immunoreactivity in the cytoplasm of mucus-secreting epithelial cells on the surface of the stomach
and in the gastric gland cells of the lamina propria mucosa of the stomach was found 0% in the control
group, 29.17% in the second group, 28.83% in the third group, 13.33% in the fourth group. There was
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no meaning between the second and third groups. Statistical significance was determined between the
second and third group with the fourth group (Figure 7).

iNOS-Gastric Mucosa Cells

30

29,17 28,83

Figure 7. iINOS immunoreactivity distribution between gastric mucosa cells

The iINOS immunoreactivity in the cytoplasm of mucus-secreting epithelial cells of the
stomach was found 0% in the control group, 1.50% in the second group, 1.50% in the third group and
1.50% in the fourth group. There was no meaning between the second, third and fourth groups (Figure
8).

iNOS-Surface Epithelium Cells

16
1,50 1,50 1,50

Figure 8. Distribution of iINOS immunoreactivity in surface epithelium cells between groups

The INOS immunoreactivity increase was found to be statistically significant in the isthmus and neck
region of the stomach between control group and other groups. The INOS immunoreactivity in the
cytoplasm of mucous neck cells and parietal cells in the neck region and the cytoplasm of stem cells
and parietal cells in the isthmus region of the stomach was found 0% in the control group, 10.67% in
the second group, 10.33% in the third group and 8.50% in the fourth group. There was no meaning
between the second, third and fourth groups (Figure 9).
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Figure 9: iNOS immunoreactivity distribution between isthmus and neck regio cells

The increase of iNOS immunoreactivity in the basal region cells of the stomach between the control
group and the other groups was statistically significant. The iNOS immunoreactivity in the cytoplasm
of the chief cells, endocrine cells and parietal cells in the basal region of the stomach was found 0% in
the control group, 42.83% in the second group, 34.50% in the third group and 23.17% in the fourth
group. Statistical significance was determined between the second and third group with the fourth
group (Figure 10).

iNOS immunoreactivity distribution between basale cells
45
42,83
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Figure 10. iNOS immunoreactivity distribution between basale regio cells

4. DISCUSSION

In this study the presented data showed that consumption of mussels caused an increase in iNOS in the
gastric mucosa.

Our previous researches have shown that some mollusc species such as mussels grown in the
Dardanelles, sea grass, sea chestnut, aquiva, and heavy metals such as iron, zinc, aluminum, lead and
copper are found in sea water (Gezen et. al., 2011; Demir et. al. 2011; Gezen et al. 2011) [3-5]. Many
research (Ibrahim et. al., 2000; Valko et. al., 2005; Gongalves and Silva, 2007; Goyer, 1996; Ruff et.
al., 1996; Aimo and Oteiza, 2006; Yokel et. al., 2008; Ittel, 1993) and official explanations (IARC,
1987) suggest that heavy metals damage the tissues of living things.

Gastric carcinogenesis (GC) is considered as a multistage progressive process. The early indicator for
GC predisposition is abnormal hyperproliferation of gastric epithelial cells, such as chronic atrophic
gastritis (CAG), dysplasia (DYS) and intestinal metaplasia (IM), which have been considered as
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precancerous lesions of GC (Correa, 1992; You et. al., 1993). In a study by Feng et al., when the
lesions progressed from normal to chronic superficial gastritis (CSG), CAG, IM, DYS, and finally to
GC, the positive immunostaining rates for p53, iINOS, and VEGF were found to be significantly
increased (Feng et al., 2002). The study demonstrated that the positive immunostaining rates of iNOS
were correlated well with GC lymph node metastasis. All these findings suggested a role of NO in the
initiation and progression of GC. NOS can also deaminate DNA and cause mutations of tumor
suppressor genes, and possibly other oncogenes, such as c-met, and initiate genetic alterations of
gastric cells leading to gastric malignancy (Wink et al., 1992). Nitric oxide (NO) is a free radical that is
involved in the inflammatory process and carcinogenesis. iINOS is an inducible and key enzyme in the
inflamed tissue. Recent literatures indicate that NO as well as iNOS and eNOS can modulate cancer-
related events including nitro-oxidative stress, apoptosis, cell cycle, angio-genesis, invasion, and
metastasis (Yang et al., 2009). Mononuclear inflammatory cells were found in the gastric mucosa of
rats fed with mussel (Murath and Gezen 2018). PbCl, increases iNOS expression in an islet b cell line
may be of pathological significance (Walther et al. 1999). In our previous study, we have detected very
high levels of INOS immunoreactivity in ovaries of female rats fed with mussels that we collected from
the same region (Gezen et. al. 2018). In our study, we detected an increase in iNOS in the gastric
mucosa. It therefore is conceivable that chronic exposure to heavy metal salt has a significant impact
on gastric gland epithelial cells physiology and pathology.

In our study, iINOS release was detected in the gastric mucosa of rats consuming mussels. In addition to
the findings of other researchers, we believe that heavy metals or other contaminants in sea water cause
an increase in iNOS in the gastric mucosa.

Footnotes

*At the time of this research, she was working at Department of Pathology of Canakkale Onsekiz Mart
University.
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