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ABSTRACT

Toxicological and epidemiological evidence
suggests that heavy metals cause neurodegenerative
problems. Since crustacean are fed by filtering sea-
water, they can be exposed to factors such as heavy
metals, pesticides, herbicides, toxic plankton, and
household waste. It has been determined that alumi-
num and lead, which are metal groups with high neu-
rotoxicity in humans, are particularly high in crusta-
ceans. We found that experimental studies related to
this subject were very limited and we did not find
any studies on the histopathological effects of bi-
valve consumption on the medulla spinalis tissue.
This study was conducted to determine cellular dam-
age and apoptosis in the spinal cord tissue of rats fed
with clams collected from determined locations in
the Dardanelles Strait. The study was divided into
four groups, the first group was the control group (n
= 6) fed standard rat feed for three weeks, the second
group (n = 6) 80% clams and 20% standard feed
every day, the third group 80% clams every two days
and 20% standard feed, the fourth group was deter-
mined as the experimental group to which 80%
clams and 20% standard feed were applied every
three days. At the end of the study, spinal cord tissue
samples taken from rats were evaluated under a light
microscope after routine histopathological proce-
dures. While there is a decrease in the number of
neurons in the experimental group, the increase in
the number of astrocytes draws attention. TUNEL
staining showed that apoptosis occurred intensely in
glial cells, and mild apoptosis occurred in anterior
and posterior horn motor and sensory neurons. As a
result, it shows that long-term consumption of shell-
fish causes axonal damage of motor and sensory neu-
rons and degeneration of glial cells. It is known that
damage to glial cells will trigger neuronal damage. It
is very important in terms of health that we feed our-
selves with healthy and hygienically grown prod-
ucts.
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INTRODUCTION

The rapid development in technology causes
the increase of human population and their needs.
This has led to the common use of various chemical
agents to increase efficiency in agriculture and in-
dustry. Heavy metals and herbicides are chemicals
used to increase the product quality and agricultural
yields; many of these chemicals can easily mix with
rain and wastewater and flow into lakes and seas,
which can lead to accumulation of undesirable
chemical agents in fish and aquatic organisms [1].
The contamination of the ecosystem with chemicals
indicates that the demand in fish and seafood will in-
crease its orientation towards products produced un-
der more hygienic conditions.

Clams are a good source of nutrients and con-
sumed by people in the form of stuffed and fried.
While crustacean accumulate heavy metals by filter-
ing the sea water, they can also face to other factors
such as toxic plankton, pesticides, and domestic
waste. Mollusks (mussel, sea snail, oyster, etc.)
grown in different parts of the Dardanelles in the au-
tumn (Zn, Al, Fe). Heavy metals can change the
chemical structure of water accumulated by the tis-
sues of mussel [2]. Mussels are very sensitive to the
chemical structure of water [3]. Conducting research
examining the accumulation and damage of heavy
metals in aquatic organisms is important in terms of
identifying biochemical, physiological, structural,
and functional disorders that may occur in the organ-
ism as well as determining the species with high sen-
sitivity to these metals. Metallic pollutants measured
as an indicator of environmental pollution that can
often reach high levels, especially in seafood. In this
way, metal residues such as mercury, cadmium and
lead, and pesticides at low levels but continuously
taken with nutrients, significantly affect the environ-
ment and human health [4].

Heavy metal is defined as metals with all toxic
properties regardless of the atomic weights of the el-
ements. Although more than sixty elements can be
given as examples of heavy metals, the most com-
mon and most recognized elements are mercury
(Hg), aluminum (Al) manganese (Mn), iron (Fe),
lead (Pb) are some of the heavy metals [5, 6]. The
main reason of the toxic effect of heavy metals on
the body is the disorders that they create in the intra-
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cellular metabolic processes. DNA damage is auto-
immune and neurological diseases with mitochon-
drial damage and induction of apoptosis. The treat-
ment possibilities of these problems caused by heavy
metals are limited and death can be observed fre-
quently. Mercury, lead, cadmium, and copper are
among the heavy metals with the toxic effects [4, 7].
Toxic heavy metals damage the nerves and bones,
block the functions of important enzyme groups and
cause cancer. In recent studies, it is thought that the
most important cause of degenerative diseases such
as Alzheimer's and Parkinson's diseases may be
heavy metals accumulation [8]. Pb has been reported
to play an important role in diseases such as amyo-
trophic lateral sclerosis at high concentrations [9].

It is known that medulla spinalis injuries
mostly occur due to the degeneration of anterior mo-
tor neurons and posterior sensory neurons in the cor-
tex. The neurotoxic effect of heavy metals, espe-
cially cadmium and lead, has been proven by many
scientific studies. Glial and neuronal changes have
been identified during the development following
chronic or acute Pb poisoning. Lead has been sug-
gested to damage motor neurons after retrograding
axonal transport from the neuromuscular junction
[10], which is related to the fact that motor neurons
are the most vulnerable cell type in neurodegenera-
tive diseases. In other hands there is evidence that Pb
transported from the muscle does not damage spinal
motor neurons [11]. However, in the zebrafish
model, there is evidence of Pb's loss of motor - neu-
ron extension and apoptosis in the spinal cord [12],
and this neuronal disfunction has been reported to be
caused by damage the glial cells that support neurons
[13]. In diets based on crustacean consumption such
as mussels with high nutritional value, the collection
of heavy metals makes the neurotoxic effects. In
mollusks grown in different parts of the Dardanelles,
some heavy metals (Zn, Al, Fe, Pb) were found to be
above for acceptable values based on these results.

MATERIALS AND METHODS

Animal Model. The rats were kept under opti-
mum conditions for three weeks in a 12-hour light
cycle with sufficient water and feeding. Randomly
rats were divided into the two groups. The control
group (n: 6); A diet with standard rat food was ap-
plied daily. For the second experimental group (n: 6),
a diet prepared with 80% clam + 20% standard rat
food was applied Daily again. Rats were fed twice a
day for three weeks, with the amount of prepared
feed corresponding to 15% of their weight at the
same time every morning and evening. Clams that
were given to rats as food were collected from Cam-
burnu region of Canakkale Strait in April and May
2020. After the beaks were cooked, the crust was
broken and dried at 100°C. The dried meat was con-
verted into rat feed form and given to the rats.
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Ethics Statement. A total of 24 male Wistar
albino rats were used in the study. The study protocol
was approved by the Canakkale Onsekiz Mart Uni-
versity Ethics Committee for Animal Research (Pro-
tocol number: 2020/04-06).

Heavy Metal Analysis. Heavy metal analysis
of muscle tissues taken from clam samples collected
in the spring season was performed at the Central La-
boratory of Canakkale Onsekiz Mart University with
the Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) (Perkin Elmer, Optima
8000) device. Cadmium (Cd), lead (Pb), copper
(Cu), iron (Fe) and zinc (Zn) heavy metal results
were calculated as mg kg™! wet weight [14].

Histochemical Staining. The animal model of
our study was for four weeks. At the end of the pe-
riod, the spinal tissues of the rats, which were then
anesthetized with rompun and xylazine, were re-
moved and placed in tissue transport cassettes and
fixed for 24 hours in immunofix. Afterwards, tissue
samples are passed through graduated alcohol solu-
tions and purified from the water in the tissue; Alco-
hol in tissues was cleaned with xylen, tissue samples
were kept in paraffin in the oven and then blocked-
in base mode. Blocked tissue samples were cut 3-5
microns thick with microtome and placed on slide
and placed in preparation boxes. Hematoxylin-Eosin
and Toluidine blue staining were applied to histo-
chemical dyes on tissue samples.

TUNEL assay. Terminal deoxynucleotide
transferarasile dUTP nick end labeling (TUNEL)
method detects fragmentation in the DNA nucleus,
was used in situ during apoptotic cell death, the
apoptosis detection kit (ApopTag® Plus Peroxidase
in Situ Apoptosis Kit). All reagents listed below and
the manufacturer's instructions below. Five-millime-
ter thickness testis sections were deparaffinized in
xylene and rehydrated with an ethanol series rated as
previously described. They were then incubated for
20 minutes with 20 mg/mL of proteinase K and
rinsed in tris-buffered saline. Endogenous peroxi-
dase activity was inhibited by incubation 3% hydro-
gen peroxide. The sections were then incubated for
10 min to 30 min with the equilibration buffer, then
the TdT enzyme in a humidified atmosphere at 37°C
for 90 min. Then, pre-warmed working power for 10
minutes at room temperature was placed in
stop/wash buffer and incubated with blocking buffer
for 30 minutes. Each step was separated by extensive
washings in tris-buffered saline. Labeling was elic-
ited using diaminobenzidine tetrahydrochloride,
contrast staining was carried out using methyl green
and the sections were dehydrated, cleared, and
mounted [15]. TUNEL staining were scored semi-
quantitatively to determine the number of positive
staining, none (-), weak (+), moderate (++), high
(+++), very high (++++). These analyses were
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TABLE 1
Heavy metal concentrations of Tapes decussatus muscle tissue (nug/g dry weight)

Heavy metals Cd Pb Cu Zn
Region
Camburnu 1.30 0,68 1.47 20.74
Yenikordon 1.18 0,60 1.24 18.86
Cardak 0.94 0,45 0.82 18.24
Average value 1.14 0.77 1.17 19.28
TABLE 2

Apoptotic reactivity distribution of groups in spinal cord of rats (Control (G1) vs G2 ***¥*p<0.0001, G1 vs
G3 **p<0.001, G1 vs G4 ****p<0.01)

Apoplotic index

%k %k k ok
A T
' 50D
Oy * k%
rf 200 ] *_[*
g 150
=
100
50
0
Control G2 G3 G4
Groups
performed in 2 sections for each animal, at a rate of RESULTS

40X magnification for at least 10 different regions
per section.

Evaluation of tissue samples and statistics.
All stained tissue samples were evaluated by Zeiss
AXIO Scope 1 brand research microscope and pho-
tographed with digital camera (AxioCam ICc 3).
TUNEL positive cells were detected using the Leica
LAS V3.8 image analysis system. Apoptotic index
was evaluated by examining with H-score. The stain-
ing rate was rated semi quantitatively; 0, if less than
1% of cells are stained; if 1-10% of cells are stained
1+; if 11-50% of cells are stained, 2+; if 51-80% of
cells are stained 3+; if more than 80% of cells were
stained, it was evaluated as 4+. Also, the intensity of
staining 0 = no staining; 1 = pale; 2 = moderate; 3 =
determined intensely by blind method. Then the total
score was calculated with the formula ((1 + staining
intensity/3) x staining rate). The result data were
compared with the One Way-ANOVA, Tukey statis-
tical test and p <0.05 results were considered statis-
tically significant [16].
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H&E Results. Rats determined as control
group were given standard rat feed and when the spi-
nal tissues were evaluated histologically, no im-
paired structure was encountered. Histological struc-
ture consisting of central channel, gray matter and
white matter was dominant in the control group. In
the gray matter, motor neurons were found to exhibit
a heterometric body with a chromatic nucleus, prom-
inent nucleolus, Nissl granules in the cytoplasm and
a heterogeneous body. The white matter consists of
myelinated nerve fibrils and a small number of neu-
roglia cells. In H&E staining of the spinal cords of
clam-fed rats, inflammation around the central canal,
damage in nerve fibrils, damage to neuroglia (oli-
godendrocyte, astrocyte, microglia) cells (gliosis)
and vascular congestion were detected. In motor
neurons, the periphery of Nissl granules is pushed
and empty spaces form, with hyperchromatic and
noncentral pycnotic core morphology. In sensory
neurons were showed little body structures and irreg-
ular distribution of glia cells (Figure 1 and Figure 2).
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__Control (G1: standart feed giving

G3 (every two days fed with clams

s fed with clams)

FIGURE 1
a) Control group spinal cord (WM: White mater, GM: Gray mater, arrow: multipolar neurons), b) Spinal
cord of the second group giving clams everyday giving clams (long arrow: glial cells, short arrow:
atrophic motor neurons degeneration, thunder: congestion), c) Spinal cord of the third group giving every
two days clams (long arrow: glial cells, short arrow: arrow: atrophic motor neurons degeneration, thun-
der: congestion), d) Spinal cord of the fourth group giving every three days clams (Long arrow: glial cells,
short arrow: atrophic motor neurons degeneration)
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FIGURE 2

Toluidine blue staining of spinal cord of control (a) and other experimental groups (b, ¢, d). In the control
group, the myelin sheaths have a normal shape. The myelin sheaths have a disorderly arrangement of
other groups especially everyday fed with clams.

In addition, preparations stained with toluidine
blue showed chromatolysis and demyelination. It has
been found in previous research that heavy metals
cause neuropathy in the nervous tissue. In this study,
we observed that the rats fed with clams, which we
thought were contaminated with heavy metals and
other contaminating factors, had degeneration in the
motor and sensory neurons due to the damage of glial
cells in the spinal cord tissues.

TUNEL Assay Findings. In H&E staining, we
observed that there were necrotic structures and
apoptosis in many motor and sensory neurons. Spi-
nal nerve cell necrosis was characterized by the fact
that the neuronal cytoplasm turned into a homogene-
ous acidophilic structure and loss of cell functions.
We performed staining with TUNEL method to

determine apoptotic cells. In the control group,
we did not find motor and sensory neurons leading
to apoptosis. But we observed that apoptosis occurs
in glia cells. In the spinal cord of rats fed with clams,
we detected that apoptosis occurred very strongly in
glia cells, while a weak positivity occurred in the nu-
cleus with DNA fractures in the motor and sensory
neurons. This cellular structure suggests that glial
cell damage can trigger neuronal damage when pro-
longed. We obtained findings proving that neuronal
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damage may increase when clam’s delivery time is
increased (Figure 3, Table 2).

Heavy Metal Analysis Results. According to
the research findings, considering the Cd, Pb, Cu and
Zn data in T. decussatus, the places where the heavy
metal concentration is the highest are Camburnu,
Yenikordon and Cardak stations, respectively (Table

1.

DISCUSSION

FEB

This study shows that reason apoptotic histo-
logical alterations in the spinal cord of rats long-term
feeding with clam, is gliosis and demyelination in
the spinal cord. We found differences in neurons and
neuroglial morphology between the control group
and the feeding clam group. It has been reported that
after the 90 days of exposure of young adult rats to
Pb in drinking water, the integrity of the myelin
sheath in brain is affected by revealing disintegration
of its multi-lamellar structure, these results correlate
with what we found in the altered morphology of
glial cells in the present study [17].
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TUNEL Assay

Control (G1: standard feed giving)

G3 (every two days fed with clams)

G2 (everyday fed with clams)

G4 (every three days fed with clams)

FIGURE 3
The TUNEL assay in the control (a) and experimental groups (b, ¢, d) (Arrow: apoptotic cells).

Apoptosis was more important in the glia cells
for example oligodendrocyte of the clam feeding
group than in the neuronal cells of this group. This
realty permit of to qualify that in the neurodegenera-
tive process, the damage is not particular to the neu-
ron, but it is also a convergence of damage in all glial
cells [18]. In this case, glial cells are the primarily
affected cells in the neurodegenerative process in-
duced by clams, showing a total chromatin fragmen-
tation in white matter in contrast with gray matter.

In studies with transgenic mice, superoxide dis-
mutase (SOD1) has been shown to reduce neuro-
degeneration in living organisms. This intoxication
is thought to damage the motor neuron, but glia cells
are thought to stimulate and support the motor neu-
ron to prevent it [19, 20]. This support may help de-
lay neuronal death with results showing that the
apoptotic bodies are not as clear as the white matter
in the gray matter because of the TUNEL technique
in our study. In another study, however, histopatho-
logical changes of the spinal cord after intrathecal in-
jection of tolfenamic acid included degeneration of
nerve fibers, neuronal injuries in the form of degen-
eration, atrophy, necrosis, and apoptosis of the motor
neuron [21]. In another study, the fish were exposed
to herbicides and behavioral changes were observed.
In the histopathology of the medulla spinalis, an in-
crease in neuron loss, intracellular edema, vacuoli-
zation, deformation in Nissl granules and gliosis
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were detected [22]. It has been reported that neuro-
degeneration was severe in oligodendrocytes, myelin
sheath weakened, and the number of neurons de-
creased but the number of astrocytes increased in the
rat vertebral marrow fed by adding lead to drinking
water for three months [23]. Our findings are ob-
tained from the studies; It supports the findings of
neurotoxicity that may occur because of irregular use
of drugs and exposure of products such as fish and
shellfish from sea and lakes to herbicides and heavy
metals.

In this study, significant demyelination was ob-
served in the treated group. This demyelination was
confirmed by staining with Toluidine blue in rats fed
with clams. Studies have reported that the damage to
oligodendrocytes is a result of heavy metal exposure
such as lead prevents myelin formation. In addition,
because of apoptosis in oligodendrocytes, besides
demyelination, gliosis and a rapid microglial re-
sponse have been reported [24, 25]. Microglia cells
are very active in the adult brain, and their activation
is associated with morphological changes such as
mobile branches and ameboid migration [26]. More-
over, microglial cells have a dual function and can
be neurotoxic or neurotrophic depending on the spe-
cific stimulus, the severity of the injury, and the en-
vironment [27, 28]. When microglia were analyzed,
no major morphological difference was observed be-
tween the control group and the clams-fed group.
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Baskar Jesudasan et al. showed that the spinal cord
microglia exhibited less inflammatory and phago-
cytic phenotypes than brain microglia in response to
activation with lipopolysaccharides [28]. Typically,
the identification of microglia in a normal environ-
ment would show branched morphology that trans-
forms into an ameboid and spherical form when the
medium deteriorates [29]. Activated microglia is
neuroprotective against early amyloid deposition in
Alzheimer's disease pathology [30. It has been found
that microglial activity in the spinal cord is higher
than the brain and possibly affects development in
spinal cord diseases [31].

All heavy metals are potentially harmful at the
level of exposure. Aquatic animals are also exposed
to high levels of heavy metals. Heavy metals such as
Cd, Pb, Hg, Zn are mainly found in mollusks and
hepato-pancreas, gonads, and gills of shellfish.
Therefore, clams have been used as biological indi-
cator organisms to monitor marine pollution, espe-
cially as they accumulate heavy metals and poten-
tially toxic chemicals in their bodies [32, 33]. It be-
came important because most heavy metals are toxic
at certain concentrations and can increase their con-
centrations during the transition from one organism
to another. Clams can also filter toxic substances
during water filtration. It floats through the food
chains and can harm all living things, including hu-
mans [34].

In recent years, Turkey's coast has been studied
for heavy metal accumulation in fish and other
aquatic organisms. Marmara Sea, Aegean Sea, Black
Sea and Mediterranean have been exposed to more
heavy metal pollution due to industrial pollution
from different facilities [35, 36] identified heavy
metals in sea water and a large number of mollusks
that grow in the Dardanelles. Based on this crusta-
cean determination made earlier, regions with high
amount of heavy metal were determined and Cam-
burnu location was preferred. It was observed that
the heavy metals measured in the muscle tissue of
the clams we used as bait in our study were close to
the results of the previous study. Heavy metals accu-
mulate in living organisms and trigger stress factors,
thus causing chronic damage in tissues with limited
regenerative ability.

CONCLUSION

In conclusion, it has been found in previous re-
search that heavy metals and pesticides cause neu-
ropathy in the nervous tissue of living things. In this
study, in addition to the findings of other researchers,
long term clam feeding obtained from dirty environ-
ment induces neurodegeneration, apoptosis of oli-
godendrocytes, demyelination, and astrogliosis in
the rat spinal cord. Our results suggest that demye-
lination and the astrogliosis process induce neuronal
death in the spinal cord of rats feeding clam. The
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findings of other researchers and the results of our
study regarding the toxic effects of heavy metals in
living things reveal that the sea and lake areas where
the seafood consumed grows should be free of all
kinds of environmental pollution.
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