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Abstract

One of the most important threats for living things in aquatic ecosystems is environmental pollution. The changes
in water quality caused by environmental pollution also reduce the quality of life for organisms in the environment.
Among these, the crustaceans which are most affected by the negative changes of environment, fed by the filtra-
tion method, are seen as pollution indicator. The consumption of these creatures reaches all steps of the pyramid,
especially humans, through the food chain. People who frequently use seafood in their diets may be affected by
these negative changes. Heavy metal contents of the clams obtained from Dardanelles were determined by the ICP-
OES. Twenty-four female Wistar albino rats were fed for 30 days with the experimental diet using clams (Pecten
maximus), which was dried and formed into pellets and added to the food in certain proportions. At the end of the
study, the subjects were sacrificed under anesthesia, liver tissues were taken, and histochemical examination was
performed. TUNEL method was performed to detect apoptotic activity, and immunohistochemical staining with
TNF-o. and NF-kB antibodies to determine inflammation. Concluding from the results, it was observed that the de-
generation of vital digestive system tissues such as liver was inevitable in living creatures that frequently consume
seafood obtained from unhealthy environment in their daily diets. The high analysis values of the heavy metal (P.

maximus) in food additive can be considered as a reason for histopathological results.
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by studies conducted in these marine creatures.
Thus, different uptake pathways and heavy metal

Introduction

Bivalves have been reported as biomonitors of

heavy metal contamination and are used to eva-
luate the pollution levels of coastal (1). As a re-
sult, bioaccumulation processes and heavy me-
tal concentrations have been well characterized

bioaccumulations such as Cd (Cadmium) were
determined in different physicochemical condi-
tions of the environment (2-4). Bivalves are one
of the protein source in diet and are an important
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part of biogeochemical cycle in the aquatic areas
as filters. Thus, bivalves accumulate heavy me-
tals from water through filteration because of the
feeding habits (5). Bivalves are also widely used
in environmental pollution studies because of
different tolerances to the pollution factors with
different species (2,6).

The emergence of toxic materials during chemical
and industrial processes and their intensive use in
agriculture can threaten the health of organisms.
Organisms can face significant health problems
by exposure to environmental pollutants directly
from the digestive system and respiratory tract
through the food chain (7). Metals should be in
certain limit concentrations for enzymatic activi-
ties in organisms. Heavy metals can be taken by
diverse ways that can be accumulated at different
levels in organs and tissues. After participating in
various metabolic pathways in the body, metals
that can be expelled from the body, which have
physiological importance. Conducting studies
on the examination of heavy metal accumulation
and damage in aquatic organisms is important
to determine the species with high sensitivity to
these metals as well as determining the bioche-
mical, physiological, histological, structural, and
functional disorders that may occur in the body.
Metal ions have been found to interact with cell
components such as DNA and nuclear proteins
and cause conformational changes that can lead
to DNA damage and cell cycle modulation, carci-
nogenesis, or apoptosis (8).

Since heavy metals are not found independently
in aquatic environments, the number of studies
examining the effects of heavy metal mixtures
on aquatic organisms is increasing day by day. It
will be understood what levels the metallic pol-
lutants measured in living things as an indicator
of environmental pollution can reach, especially
in aquatic products, and the extent of their im-
pact on the tissue, and whether these indicators
create a risk factor for human health. The lack of
information is particularly worrisome, as there

is an ongoing debate about the extent to which
the risks to human health are and whether such
seafood will also be a source of contaminants for
consumers (9,10). For this reason, by this study
we aimed to draw attention to the consumption
of seafood from healthy and more reliable en-
vironments by showing the changes in the liver
tissue with histochemistry and immunohistoche-
mical techniques by feeding rats with an experi-
mental in vivo nutrition model.

Materials and Methods

Experimental groups
WFor this study we used 24 male Wistar albino
rats as subjects (250 50g). Rats were kept at
an average temperature of 22 + 2°C, humidity of
%355 £ 5, 12 hours of light and 12 hours of dark-
ness, with ventilation and air conditioning sys-
tem. Adequate water was given to the rats. While
feeding, a standard mixture of rat food and clams
was given according to 15% of each rat’s weight
over thirty days. Experimental groups are as fol-
lows for thirty days:
*  Control group (C): standard rat food,
e Group I (G1): 80% clams, 20% standard rat
food everyday,
*  Group II (G2): 80% clams, 20% standard rat
food every two day,
*  Group III (G3): 80% clams, 20% standard
rat feed every three days.
At the end of the feeding phase of the experi-
mental groups, the rats were anesthetized and the
liver tissues were taken. Afterwards, the histo-
chemical examination was performed. TUNEL
method was performed to detect apoptotic acti-
vity. Immunohistochemical staining was perfor-
med with TNF-a and NF-kB antibodies to deter-
mine inflammation.

Ethics Statement
The study protocol was approved by the Ca-
nakkale Onsekiz Mart University Ethics Com-
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mittee for Animal Research (Protocol number:
2020/04-02).

Experiment material collecting and preparing
The aim of this experimental study was to deter-
mine the amount of heavy metals in bivalves and
seawater, compare the bioaccumulation of toxic
metals in seawater, and detect the relationship
between heavy metal levels of bivalves and pa-
rameters of the seawater quality, to assess human
health risk from heavy metal, and determine the
maximum amount to be consumed by humans.
The study area for clams is located in the nort-
hwest region of Dardanelles (Lapseki, Cardak,
Camburnu), on the west coast of Turkey. This
areas are coastal towns and Dardanelles has im-
portant areas of the southwest coast of Marma-
ra Region. The samples were collected in June
2019 from 10-40 m depth by scuba diving from
the determined location. The samples were then
dried in an oven at 60-65°C until a constant we-
ight, following by grinding into powder. The
samples were analyzed for Cadmium (Cd), lead
(Pb), copper (Cu), and zinc (Zn) by inductively
coupled plasma-optical emission spectrometry
(ICP-OES). Sample preparation was performed
using microwave-assisted acid digestion. The
sample (0.60 + 0.05g) was mixed with 8 ml
of 68% nitric acid and 4 ml of 30% hydrogen
peroxide. The system was heated to 120°C for
about two hours. The solution was filtered with
nitrocellulose membrane after cooling, and then
transferred to acid-wash and made up to volume
with deionized water.

Microscopic examinations

For this process, the liver tissues were fixed in
10% formalin for 2 days and the washing pro-
cess started. Tissues were kept for 1 hour in al-
cohol (70, 90, 96, 100%). After the dehydration
step, the tissues were treated with toluene for 3
sequences of 15 minutes for the clarification.
Tissues were kept in soft paraffin overnight be-

fore embedding. The next day, liver tissues were
removed from soft paraffin and kept in liquid
hard paraffin for 1 hour after which they were
embedded in parrafin blocks. Sections of 5 pm
thick were taken from these blocks using a cylin-
der microtome. The sections were stained with
H&E to reveal the histological and structural
changes in the liver tissue.

TUNEL method and apoptotic activity

The Terminal Transferase dUTP Nick End Label-
ing (TdT Fragel DNA Fragmentation Kit) meth-
od was used to determine cell death. First, the
sections were washed in distilled water and then
with PBS solution for 3x5 minutes following the
deparaffinization process. Subsequently, 20-pug/
ml Proteinase-K diluted 1/500 with PBS solution
was applied at room temperature for 15 minutes.
After washing with PBS, the sections was treat-
ed with 3% H,0O, for 5 minutes, and then washed
again 3x5 min with PBS. The samples were kept
at room temperature for 5 minutes with Equili-
bration buffer and then kept for 1 hour at 37°C in
a humid environment with TdT-enzyme. At the
end of an hour, the samples were treated with
Stop Wash Buffer for 10 minutes, with Antidiox-
ygenin Peroxidase Conjugate for 30 minutes and
then washed 3x5 minutes with PBS again. They
were then stained with DAB and washed with
distilled water. Background was dyed with May-
er’s Hematoxylin. TUNEL stainings were scored
semi-quantitatively to determine the number of
positive staining, none (-), weak (+), moderate
(++), high (+++), very high (++++). These anal-
yses were performed in 2 sections for each ani-
mal, at a magnification rate of X40 for at least 10
different regions per section (11,12).

Immunohistochemical staining with TNF-a
and NF-xB

Immunohistochemical reactions were perfor-
med according to the ABC technique. Following
this step, the sections were incubated with a
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polyclonal nuclear factor Kappa-B (NF-«xB
p50, ab323360), tumor necrosis factor (TNF-a,
ab194403), then the sections were incubated
with biotinylated anti-mouse Immunoglobulin-G
(DAKO LSAB 2 Kit, invitrogen). Following this
step, they were stained with ABC complex and
then with Mayer’s Hematoxylin (11,12).

Statistical analysis

During the assessment of the results, the im-
munoreactivity was evaluated with the H-score
method, calculating the ratio of immunopositi-
vity cells to all cells in the selected fields. Immu-
noreactive cell count was performed by a blin-
ded observer and graded as follows: 0 denoted
no staining; 1 denoted weak; 2 denoted modera-
te; 3 denoted strong staining in a specified field.
The respective score was then calculated using
the following formula:

H-score = (% stained cells at 0) x 0 + (%ostai-
ned cells at 1+) x 1 + (%stained cells at 2+) x 2
+ (%stained cells at 3+) x 3. The H-score value
ranges from 0 to 300 (13).

SPSS 19 version was used for statistical analysis.
Data are expressed as mean (%) standard devia-
tion. The differences between the groups were
evaluated by Kruskal-Wallis variance analysis.
Mann-Whitney U test was used for comparisons
between groups with significant differences. The
difference was considered statistically signifi-
cant if p<0.05.

Results and Discussion

The control group liver tissue: No histopat-
hological results of tumor cases were observed
when liver tissue samples from rats fed with
standard rat food every day stained with Hema-
toxylin and Eosin (Figure 1).

Experimental groups: The following histopat-
hological results occurred in all experimental
groups, respectively.

Vacuolar degeneration, focal necrosis, inflam-
matory cells including neutrophils and eosinop-
hils in the lobule and portal area were detected.
Vacuolar degeneration in most of the hepatocy-
tes manifested by diffuse swelling, pale staining
of the cytoplasm, and the appearance of the cy-
toplasmic residues around the nucleus. In addi-
tion, central, portal vein, and sinusoidal dilata-
tion, congestion in portal veins were observed.
These histophatological changes occurred more
severely in the first group that had been given
80% clams and 20% standard rat food everyday.
In other groups, liver damage decreased due to
the ratio of clam and standard rat food mix (Fig-
ure 1).

NF- kB and TNF-a results
Immunohistochemical staining results obtained
from this study showed that NF-xB and TNF-a
expression had a higher immunoreactivity in the
liver due to the increase in the G1 groups (dai-
ly clam feeding), and staining was largely in the
cell cytoplasm. The apoptotic mechanism was
found to be very high in the liver tissues, espe-
cially in the G1 group.

Immunohistochemical staining with NF-kB, po-
sitive immunoreactivity was observed in parallel
with the consumption of clam food. In the G1
group, high reactivity was observed around the
central vein. In the G2 and G3 groups, it was
observed that the immunoreactivity around the
central vein was moderate. A statistically signifi-
cant difference was observed between the cont-
rol and the G1 group of the subjects (p<0.0001)
(Figure 2 and Figure 5 for NF-kB, Figure 3 and
Figure 5 for TNF-a).

TUNEL results

Apoptosis occurs in the disruption of oxi-
dant-antioxidant balance and tissue damage in
adult tissue is an important factor that triggers
apoptosis. In hepatocellular damage, especially
oxidative stress and inflammation, hepatocytes
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erimental group (G1) liver tissue, C- Second experimental

group (G2) liver tissue, D- Third experimental group (G3) liver tissue (magnification X10 and inner figures
X40, star: inflammation, thick arrow: congestion, thin arrow: vacuolar degeneration, CV: Central vein,
PV: Portal vein).

drift into apoptosis by cytokines released from
Kupffer cells. With the release of TNF-a from
Kupffer cells, the apoptotic mechanism is acti-
vated and hepatocytes enter the apoptotic pro-
cess. In the study of the experimental clam diet,
it was observed that apoptosis was triggered in
the liver tissues of the G1 group that had been
fed clam diet per day and the cells leading to
apoptosis increased these liver tissues. In TU-
NEL positivity, the highest significance among
the groups was determined between the G1 and
control group (*****p<(0.00001), while the least
significance was observed between the G3 and

control group (**p<0.01). As a result, apoptotic
index increases with the feeding of clam per day
(Figure 4, Figure 5).

Heavy metal analysis results

According to the results, considering the Cd,
Cu, Pb, and Zn level in P. maximus, the locati-
on where the heavy metal concentration is high
are Lapseki and Cardak (Table 1). As heavy me-
tal analysis results of the seawater from which
the clam samples were taken, the values of the
Lapseki and Cardak region were found to be in
parallel with the heavy metal values in the musc-
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(arrow: immunpositive cells, CV: Central vein).

le tissue of the clam samples obtained from the-
se regions. Heavy metal accumulation in clam
tissue suggests that it may trigger the toxicity in
tissues with the frequent consumption of marine
based food (Table 1).

As a result of the analyses, it was determined
that the Cd, Cu, Pb, and Zn values in sea wa-
ter were above the upper limit values determi-
ned by the Turkish Standards Institute. Cu, Pb,
Cd levels in sea water samples were found to be
higher in Cardak region and Zn in Camburnu re-
gion. The upper limit values determined by the
Turkish Standards Institute and the World Health
Organization are shown in Table 1.

It was shown that heavy metal pollution was
above the standard values in the regions where

sea water analysis data were determined, and the
heavy metal concentration was the highest in the
Cardak area. In addition, crustacean muscle tis-
sue consumed in diet was found to be below the
limit values according to the Turkish Standards
Institute (TSI) and World Health Organization
(WHO). Cd and Zn were found below the limit
values in the muscle tissue of the groups that re-
ceived frequent diets and clams daily. The data
obtained were in parallel with the results repor-
ting that Cd and Zn together increase the toxic
effects of each other.

In order to determine the tissue damage that may
be caused by heavy metal accumulation and
environmental pollution elements (household
wastes, chemicals and pesticides, etc.), an ex-
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Fig. 3. Immunohistochemical TNF-a staning for control (A) and experimental groups (B, C, D)
(arrow: immunpositive cells, CV: Central vein).

Table 1. Heavy metal concentrations of 2. maximus muscle tissue and seawater in Dardanelles (ng/g dry
weight and pg/L seawater)

Region & Heavy metal concentrations in

R Cd Pb Cu Zn
muscle tissue/seawater
Camburnu 1.11+0.23! 0.72+0.45! 1.40+0.3! 20.74+3 4!
1.62+0.28° 0.91+0.222 2.04+0.322 44.02+4.89*
Lapseki 1.6+0.5! 0.9+0.47' 1.54+0.28' 22.86+4.01"
1.74+0.662 0.92+0.44> 2.35+0.72 42.01£5.12¢
Cardak 1.4+0.42! 0.83+0.38! 1.46+0.32! 22.244+4 36!
1.77+0.45° 0.960+0.35° 2.56+0.82? 41.56+4.47*
Average value 1.37+0.36! 0.81+0.43! 1.46+0.3! 21.334£3.92!
1.71+0.75° 0.93+0.36* 2.31+0.6* 42.3+4.832
1 1 1 1
Limit value (ug/g) ** o.ina 0.11 0° 0.?)1& 0%?03
1 1 1 1
Limit value (mg/L) * 00.'0513 8; Oi)la (1(13

*Turkish Standards Institution; **World Health Organization/ United States Environmental Protection Agency; 'Muscle tissue
(heavy metal concentration, pg/g dry weight); *Seawater (heavy metal concentration ug/L)
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Fig. 4. TUNEL staning for control (A) and experimental groups (B, C, D)
(arrow: apoptotic cells, CV: Central vein).
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B TNF-a ~NF-kB ™ TUNEL
Fig. 5. Immunoreactivity distribution of NF-kB, TNF-a and TUNEL reactivity in liver tissues of groups
(Control vs G1 ****p<0.0001 Control vs G2 ***p<0.001, Control vs G3 **p<0.01, G2 vs G3 *p<0.05).
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perimental model was created. Clams collected
from the Dardanelles were given to rats with the
mix of standard rat food at different intervals for
each group for thirty days.

Dardanelles is polluted by the wastewater of
industrial plants, small-sized foundation, and
sewage. Also it has been polluted by transit ship
crossing the waters. This region is the current of
the wastewaters carried from the Black Sea and
Marmara Sea. However, it has been stated that
the pollution carried by the surface currents over
the Dardanelles to the Mediterranean is higher
than of the Black Sea. It has been determined
that the seawater heavy metal analysis values
obtained from the locations are not much dif-
ferent from previous studies (14,15). It was ob-
served that the pollution in the areas where the
clam samples were collected increased, and, as a
result, consumption of clams from these regions
caused tissue damage in the rat liver.

The presence of heavy metals such as zinc and
copper in water increases the toxic effect of cad-
mium. For the protection of aquatic life, it has
been suggested that the maximum cadmium con-
centration in surface water environments should
be 0.001 mg/l (Table 1). Cadmium and zinc are
generally found together geologically. Mollus-
ks are particularly inclined to cadmium storage.
These creatures store large amounts of cadmium
(more than 30 mg/kg) in their intestines. As in
fish, the amount is very low in their muscles.
For this reason, the intestines should be removed
immediately after being caught. Because, if not
removed, there is a migration from the intestines
to the muscle tissue, which prevents the value
in the muscles to be drawn to the limit values
(16). Previous studies on mussels that had been
exposed to heavy metals for a long time and
then analyzed by taking various tissues from
mussels have reported that these organisms can
accumulate these heavy metals in tissues, inclu-
ding muscle, excretory, or even genital organs

(17,18). Analysis results for the muscle tissue of
the clam determined that the heavy metal accu-
mulation was above the reference limits. Another
experimental study reported that atherosclerosis
develops in the vessels due to lipid accumulati-
on in rats fed with mussels grown in contami-
nated water (19). There is a similarity between
the results presented in the previous studies and
our study results. Because the nutrition form of
the shellfish are filtering, the toxic products, for
example heavy metals, can be accumulated in
shellfish tissues and caused damage. Therefore,
with the consumption of these organisms, these
harmful substances can be transferred to the next
step by the food chain, thus increasing the tissue
damage.

Changing rates of hepatocyte damage, necrosis,
lobular and portal inflammation are observed in
hepatocellular damage. Balloon degeneration
and apoptotic bodies, as well as focal necrosis
foci, and inflammatory cells, including neutrop-
hils and eosinophils, are observed in hepatocytes
(20,21). In this study, balloon degeneration, por-
tal and lobular fissures in hepatocytes are simi-
lar to the literature in toxic liver damage. Also
necrosis was detected, along with inflammation
in the lobule and portal areas. Balloon degenera-
tion is much more common in the group fed with
clams on a daily basis (G1). Our balloon degene-
ration and necrosis results suggest that clam may
show cytotoxic effects in mixed forms. Thus, the
source of histopathological damage occurring in
the liver is due to the transition of heavy metals
by toxic effects from clams.

Liver injuries triggered by hemorrhagic shock,
the protein supplements obtained from the crus-
taceans decrease the damage, and the level of
inflammatory marker TNF-a (22). TNF-a plays
arole in the pathophysiology of TNF-q, viral he-
patitis, alcoholic liver disease, non-alcoholic fat-
ty liver disease, and ischemia-reperfusion injury
in the liver. Studies have shown that when the
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degenerative process starts in liver, TNF-o indu-
ces synthesis of hepatocytes and Kupffer cells in
the cytoplasms (23). This study determined that
clam diet caused degeneration of hepatocellu-
lar structure and that TNF-o immunoreactivity
severed as consumption frequency increased.
TNF-a, a cytokine secreted for conservation
purposes, shows that the damaged structure of
the liver can be cleaned by apoptosis, inflam-
matory changes and re-trigger regeneration.
Another study reported that Pacific oyster ext-
ract decreased liver fibrosis, and inflammatory
markers such as TGF- and NF-kB decreased
(23,24). When oxidative stress in tissues associ-
ated with damage to cells increases, activation of
the TNF-a receptor is followed by activation of
the nuclear factor kappa B (NF-xB). Thus, NF-
kB penetrates the nucleus and NF-xB activates
genes that try to block TNF-induced apoptosis.
In resting cells, NF-xB is an inactive form in the
cytoplasm (25,26). This results in the initiation
of inflammatory, immune and, wound-healing
responses and clearing of pathogens. Some re-
search has stated that inflammation is not only
associated with chronic liver disease, but also
actively promotes disease progression. NF-kB
has a wide range of function in different cellu-
lar sections, such as the survival of hepatocytes,
the secretion of Kupffer cells, secreting cytoki-
nes that cause the inflammation. The critical role
of NF-kB in the liver has been reported to steer
spontaneous liver damage, fibrosis and hepato-
cellular carcinoma in the genetic ablation of NF-
kB regulators in rat models (27). Results in this
study show that, similarly to previous studies,
the expression of TNF-o and NF-kB increased in
hepatocyte cytoplasms parallel with its regula-
tory role in liver tissue. As the hepatotoxic effect
increased as the frequency consumption of the
clam diet increased, TNF-a and NF-kB expres-
sion was observed at the highest level in the G1
experimental group.

Conclusion

Seafood is among the essential food sources that
are frequently consumed. However, such produ-
cts consumed by humans cause health risks due to
being contaminated by many pollutants. Results
obtained showed the confirmed parameters that
are encountered in many regions and countries
around the world, dependeding on the amount of
consumption, nutrition habits, and global pollu-
tion. It was observed that consumption of clams
collected from Dardanelles, caused inflammation
and degeneration in tissue of liver. This damage
has been caused by the consumption of seafood
frequently with high heavy metal content. While
paying attention to nutrition with alternative and
healthy foods, environmental factors should not
be ignored, and harmful nutrients that can cause
tissue damage in many systems, especially the
digestive and excretory ones, should be avoided
bearing in mind that conscious and balanced
nutrition is extremely important for our health.
There is a greater need for studies that include
precautions to prevent health problems related to
eating habits and environmental pollution.
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