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Abstract
In this study, it was aimed to determine duration based histopathological, cytopathological and
immunological alterations in spleen structure of Oreochromis niloticus samples exposed to sublethal
concentration of diazinon standart with light microscope and TEM. At the first step of the study, the fish
were exposed to 280 µg/L (LC50/10) Diazinon for 21 days. Afterwards, the histopathological,
cytopathological alterations and immune response in the spleen tissue were investigated by light
microscope and TEM at 7th, 14th and 21st days. In the histopathological results, melanomacrophage
centers with hemosiderin accumulation, cloudy swelling, pyknosis, hypertrophy and necrosis were
detected in the spleen tissue. The severity of these alterations increased with the duration of the
exposure. Mitochondrial deformation (cristolysis), pyknotic nucleus, vacuolation, increased phagositic
activity of melanomacrophage, nuclear deformation, high amount of melanin and hemosiderin
accumulation were detected in the cytopathological investigation of spleen tissue. According to those
results it could be assumed that diazinon caused histopathological and cytopathological alterations in
the spleen tissue of O. niloticus and also had immunotoxic effects.

Introduction
Pesticides, which are widely used in the world, play an important role in increasing agricultural
productivity. However, as a result of unconscious pesticide use, human, air, water, soil and wild life are
adversely affected, resistance occures in the target organisms, natural balance is disrupted by killing of
beneficial organisms and phytotoxicity is seen in plants (Yıldırım 2008). Pesticides used in agricultural
areas, reach fresh water sources via washing of pesticide treated soil surfaces with rain or irrigation
water, or via contaminated solid and liquid particles in the atmosphere (Cengiz 2006). The organisms
living in this polluted aquatic environments are exposed to these pesticides and effected acutely or
chronically (Leight and Van Dolah 1999). Therefore, we should know the possible effects of these
pollutants which contaminate the natural environments on organisms living in those environments.

Organic phosphorus (OP) insectisides constitute the most important and common class of insecticides
used since the mid-1940s (Gültekin et al. 2001). The primary target of this group of insecticides in the
organism is acetylcholine esterase enzymes (AChE) (Hazarika 2003; Kaur and Sendhu 2008) and they
irreversibly inhibit AChE (Giordano et al. 2007). Diazinon (DZN) [O,O-diethyl-O-(2-isopropyl-6-
methylpyrimidine-4-pyrimidinyl) phosphorothioate] is one of the most widely used OP insecticide and is
used to protect many crops from a wide range of hymenopteran and hemipteran insects (Abass et al.
2011). After agricultural application, DZN may easily wash away and reach the surface water reservoirs,
thus affecting a wide range of nontarget aquatic animals, including invertebrates and fish (Rauf and
Arain 2013). There are many studies in the literature that DZN is highly toxic to aquatic organisms,
including fish, and has various toxic effects on these organisms (Aydın and Köprücü, 2005; Üner et al.,
2006; Rauf and Arain, 2013). The 96 h LC50 value of DZN for Oreochromis niloticus was reported as 2800
µg/L by El-Sherif et al. (2009).
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Fish are one of the first preferred organisms in ecotoxicological studies because they play an important
role in the food network, accumulate toxic compounds and respond to mutagens even at low doses
(Çavaş and Ergene Gözükara 2005). O. niloticus (Linnaeus, 1758) belongs to one of the most important
groups of fish known as good biological models due to their suitability for maintenance in culture
conditions, their high capacity of reproduction, strong resistance to pollution and various diseases
(Almedia 2002). The use of fish biomarkers in experimental studies has an increasing value to determine
the effects of a contamination and enable early identification of aquatic environmental problems (Van
der Oost et al. 2003).

The immune system in fish consists of organs, cellular structures and humoral (liquid) factors. Organs
that make up the immune system are also known as lymphoid organs (Dönmez 2016). In the fish species,
spleen is one of the primary lymphoid organ (Ocak 2006) and also the most important organ in terms of
formation of blood cells and storage of antigens (Lawrence and Hemingway 2003). It also relates to the
defense mechanism against diseases and pollutants in fish (Sundaresan 2014). There are studies in the
lierature that pesticides cause toxicological alterations in the spleen of fish species. Banaee et al. (2011)
reported that DZN caused increase in the size of spleen in Cyprinus carpio. They also reported that this
pesticide increased the frequency of melanomacrophage and ellipsoid cells in the spleen. In another
study, it has been found that methiocarb and endosulfan causes pathological lesions in the spleen of
rainbow trout (Altınok and Çapkın 2007). Also, there are many studies in the literature that pesticides
induce immune responses in fish spleen (Li et al. 2013; Ma et al. 2014; Ma and Li 2015; Díaz-Resendiz et
al. 2019). According to these results, it can be suggested that altered structure and function of fish spleen
can be used as biomarkers of general environmental degradation and the toxic effects of chemicals.

Monitoring only chemical accumulation in an ecosystem is not sufficient to assess its effects on
organisms, populations and communities (Velmurugan 2011). In terms of sub-lethal levels of a chemical,
the response of the organism to contamination can only be assessed by measuring its biological,
physiological and biochemical parameters (Lagadic et al. 2000). Cellular biomarkers, including
histopathological and cytopathological effects, provide an important link between the biochemical
effects of an organism's internal chemistry and responses occuring in the individuals or populations.
Such responses typically occur before behavioral changes and are more sensitive than growth or
reproductive parameters. Also, they provide more information about the health status of an organism as
integrative parameters than the assessment of a single biochemical response (Segner and Braunbeck
1998). Therefore, histological examination, as an indicator of exposure to pollutants, is a useful method
for evaluating the degree of pollution, especially for subletal and chronic effects (Bernet et al. 1999).
Transmission Electron Microscope (TEM) is also a very useful tool for determining the early stages of the
sub-lethal effects of pollutants, since it allows the examination of tissue at cellular and even organelle
levels (Velmurugan 2011). In this context, the histopathological and cytopathological examinations
carried out in the species to determine the contamination in the aquatic ecosystems can provide us
useful data about the health status of these ecosystems.
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Although there are studies about histopathological and immunological effects of DZN on some fish
species, there are no studies about the cytopathological effects of this pesticide on the immune response
in the spleen of O. niloticus in the literature. Therefore, in this study, it is aimed to determine sub-chronic
duration based possible histopathological and cytopathological alterations in spleen structure and
immune response of O. niloticus samples exposed to certain concentration of DZN standart with light
microscope and TEM.

Materials And Methods
Obtaining and Maintenance of O. niloticus Samples

O. niloticus samples were obtained from the breeding ponds of Faculty of Fisheries of Çukurova
University, Adana, Turkey. Fish were anesthetized with phenoxiethanol (200 mg/l) and brought to the
Hydrobiology and Aquatic Toxicology Research Laboratory, Biology Department, Science Faculty, Dicle
University, Diyarbakır, Turkey.

O. niloticus samples were taken into 6 glass aquariums (40×35×40 cm) which contained dechlorinated
tap water and were airated with central vantilation system in a climate-conditioning cabinet specially
made for fish. There were 25 O. niloticus specimens in each aquariums. The fish were acclimated to
laboratory conditions for 15 days before experiments. During this period and experiments, the fish were
kept under an artificial light regime (14 hrs light: 10 hrs dark) at 26±1 ⁰C temperature and fed with
commercial pellets daily. Approximately 50% of each aquarium’s water was subsitoted by dechlorinated
tap water daily.

The Experimental Design
The analytical standard of DZN (PESTANAL® from SIGMA-ALDRICH®, CAS Number: 333-41-5) was used
for the study. In order to avoid fish deaths and cause pathological lesions at the same time, 1/10 of
previously reported LC50 value of DZN (El-Sherif et al. 2009) for O. niloticus was chosen as sublethal
concentration for test concentarion after dissolving in the acetone and water and applied according to per
liter of water in the aquarium. The test design was static renewal (APHA 1998). 15 samples in each of
three replicates were used per groups. Test duration was 21 days. Test groups were control (Group I),
aceton control (Group II) and exposure (280 µg/L DZN standart) (Group III) groups. Only one group’s
features of three replicates were given in Table 1. For the acetone control group the concentration of
acetone in the exposure group solution was applied per liter. The chemical parameters of medium water
were given in Table 2. Our study was approved by the Experimental Animals Local Ethics Committee of
Dicle University (Protocol number: 2013/43) and during the experiments, EU Directive 2010/63/EU for
animal experiments guidelines was followed for the study.
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Table 1
The experimental groups of the study

Group
Number

Groups Number of
individuals

Test
Duration

*Sex of the
individuals

I Control 15 21 days 8F/7M

II Asetone Control 15 21 days 6F/9M

III 280 µg/L DZN exposure
(LC50/10)

15 21 days 7F/8M

*F: Female, M: Male

Table 2
The chemical parameters of medium water

Chemical Parameters

pH 7.94±0.505

Dissolved oxygen 7.5±0.38 mg/L

Total chlorine 42.6 mg/L

Total hardness 287±2.35 mg/L CaCO3

Mg 36 mg/L

Electrical conductivity 7.94 Μmho/cm

NO3-N 2.1 mg/L

NO2-N 0.002 mg/L

The Histopathological Analysis
At 7th, 14th and 21st days of the experiment 5 fish were taken randomly from each exposure and control
groups. The fish were immeddiately sacrificed by decapitation. Spleen samples were taken and
immediately fixed with 10% formalin solution for 24 hrs at +25 ºC. After fixation, samples were washed
under the tap water for 1 night for removing the fixative from the tissue. Afterwise, the samples were
dehidrated with increasing grade of ethanol (30, 50, 70, 80, 90, 96 and 100%). Then, the samples were
cleared with xylene and embedded in parafin. 5 µm sections were cut by microtome (LEICA). After cutting,
the sections were stained with Hematoxylin-Eosin (Gurr 1972) and examined with a light microscope
(Nikon NIS-Elements ECLIPS SE80i). The alterations were photographed with the camera (Nikon Digital
SIGHT-DS2MV) on the microscope.

The Cytopathological Analysis
As in the histopathological preparation of the samples, at 7th, 14th and 21st days of the experiment 5
fish were taken randomly from each exposure and control groups and then sacrificed with decapitation.
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The removed spleen samples were fixed with 2,5% glutaraldehyde solution for 24 hrs at +4 ºC. After
fixation with glutaraldehyde solution, the samples were washed with phosphate buffer (pH: 7,4 and 0,1
M), postfixed with osmium tetroxide, dehidrated with increasing grade of ethanol (50, 70, 85, 90, 96 and
100%), maintained in propylene oxide for 30 mn at 25 ºC and propylene oxide-araldit (resin) mixture (1/1
v:v, for 2 hrs at 25 ºC), embedded in resin and incubated for 48 hrs at 60 ºC for polymerization. After
preparation 70-110 nm sections were cut with ultramicrotome (LEICA) and taken on copper grids. The
grids with the sections were stained with uranyl acetate and lead. Then, the samples were examined with
TEM (Jeol /JEM-1010) in Dicle University Science and Technology Application and Research Center
(DUBTAM), Diyarbakır, Turkey and the cytopathological alterations were photographed at 80kV
(GATAN/782 ES500W Erlangshen CCD Camera).

Results

The Histopathological Results
No histopathological changes were observed in the spleen tissue of O. niloticus samples in the control
and acetone control groups (Group I and II) for 21 days (Fig. 1a and 1b). Mild cloudy swelling, pyknosis
and hypertrophy was recorded in the spleen tissue of fish exposed to 280 µg/L DZN concentration for 7
days. A few melanomacrophage centers (MMCs) with hemosiderin accumulation were detected in the
tissues (Fig. 1c). At the 14th day of the exposure the severety of histopathological alterations were
increased in parallel. During this period, necrotic areas began to appear in the spleen tissue of the fish.
The number of cells with pyknotic nucleus increased and cloudy swelling became evident (Fig. 1d). The
severety of hypertrophy and the number of MMCs with hemosiderin accumulation were also increased.
The most prominent histopathological changes in the spleen tissue at the end of 21 days were the spread
of necrosis and cloudy swelling throughout the tissue. The number of pyknotic nuclei and MMCs with
hemosiderin accumulation were the highest (Fig. 1e). Semiquantitative scoring of histopathological
lesions in spleen tissues of O. niloticus were given in Table 3.
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Table 3
Semiquantitative scoring of histopathological lesions in spleen

tissue of O. niloticus
LESIONS TEST DURATION GROUPS*

I II III

Cloudy swelling 7 days -- -- +

14 days -- -- ++

21 days -- -- +++

Pyknosis 7 days -- -- +

14 days -- -- ++

21 days -- -- +++

Hypertrophy 7 days -- -- +

14 days -- -- ++

21 days -- -- --

Number of MMCs 7 days -- -- +

14 days -- -- ++

21 days -- -- +++

Haemosiderin accumulation 7 days -- -- +

14 days -- -- ++

21 days -- -- +++

Necrosis 7 days -- -- --

14 days -- -- +

21 days -- -- +++

*(--) none, (+) mild, (++) moderate, (+++) severe.

The Cytopathological Results
No cytopathological changes were observed in the spleen tissue of O. niloticus samples in the control
(Fig. 2a, 2b, 2c, 2d and 2e) and acetone control (Fig. 3a, 3b, 3c, 3d and 3e) groups (Group I and II) for 21
days. Mitochondrial deformation (cristolysis), pyknotic nucleus and vacuolation were observed in the
spleen endothelial cells of fish exposed to 280 µg/L DZN concentration for 7 days (Fig. 4a and 4c). At the
same time, nuclear deformation was detected in some reticulocytes and lymphocytes (Fig. 4b). Also,
cellular debris and melanomacrophage (MMa) that phagocytizing degenerated erythrocyte were seen in
the spleen tissue at 7th day of the exposure (Fig. 4d). At the 14th day, the cell debris because of necrosis
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became evident. Melanin and heamosiderin accumulation in the necrotic areas were detected (Fig. 5a, 5b
and 5c). The vacuolation in the endothelial cell of spleen tissue was also seen at the end of 14th day
(Fig. 5d). The most severe pathological alteration in the spleen tissue of exposed fish at the 21st day was
necrosis. The necrotic areas were seen widely troughout the tissue and the accumulation of heamosiderin
in these areas was remarkable (Fig. 6a, 6b and 6c). Degenerated lymphocyte with vacuolation was also
detected in the spleen tissue at 21st day (Fig. 6d).

Discussion
Fish under the influence of environmental pollution try to adapt through immune system activity or
nonspecific defense systems. The immune system in fish consists of organs, cellular structures and
humoral (liquid) factors. The organs that make up the immune system are also known as lymphoid
organs. Lymphoid organs in fish are divided into two groups as primary and secondary. The primary
lymphoid organs are the thymus, kidneys, and spleen, while the secondary lymphoid organs are the
intestines, physical barriers (skin, gill), and liver (Zapata et al. 2006; Ocak 2006; Uribe et al. 2011). Recent
studies show that histological findings of these organs are biomarker parameters for determining the
physiological stress in fish caused by water quality changes (Osman et al. 2010; Liebe et al. 2013).

Pathological changes in fish spleen such as proliferation of white pulp, decrease in lymphocyte count,
increase in spleen size, hemosiderosis and increase in melanomacrophage centers are generally
considered to be the result of environmental contamination (Garcia Abiado et al. 2004; David and
Kartheek 2015). At the 7th and 14th days of our study cloudy swelling and hypertrophy (Fig. 1c and 1d)
were seen in the exposed tissue which could be lead to increased size of spleen. The increase in spleen
cell size-number and the corresponding increase in spleen weight usually reflects xenobiotic-induced
changes in the immune system and a proliferative response to xenobiotics (Guo and White 2010). Acute
cell swelling is considered as a response to cell membrane damage caused by lipid peroxidation, direct
binding of xenobiotics (such as pesticides) to the cell membrane, damage to ion channels, and the
addition of transmembrane pore-forming complexes to the cell membrane (Miller and Zachary 2017). As
seen in the results the severity of histopathological alterations increased with the duration of the
exposure (Table 3). In this context, on the 21st day of the study, the most prominent histopathological
change in the spleen tissue was necrosis spreading throughout the tissue (Fig. 1e). There are studies in
the literature that pesticides cause necrotic alterations in the spleen tissues of fish species (Capkin et al.
2010; Karim et al. 2016; Farhan et al. 2021). In accordence with these findings the diffuse necrosis
throughout the spleen tissue detected at the 21st day of our study. The number of pyknotic nucleus
increased in parallel with the duration of the study (Table 3). Pyknosis is suggested as the irreversible
condensation of chromatin and nuclei observed in both apoptotic and necrotic cell death (Hou et al.
2016). In this context, pyknosis could be considered as an early sign of necrotic cell death in the tissues
exposed to environmental toxicant such as pesticides.

Macrophages which are one of the cellular factors of the immune system are indicator cells of innate
immunity in fish and other vertebrates (Dönmez 2016). Macrophages in poikilotherm organisms form
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clusters with pigment cells called pigmented macrophages or melanomacrophage centers (MMCs)
(Satizabal 2013). Because of their pigmentation, MMa can be distinguished from macrophages in
histological examinations, and they can also be observed widely in many organs of poikilotherm
vertebrates (Kranz 1989; Ferreira 2011). According to the results of our study the number and size of
MMCs were increased with the duration of the experiment (Table 3). The number, size and pigment
contents of macrophages change in poor health conditions of fish, under stress and in response to
environmental contaminants. The size, number and histopathological appearance of MMCs and the
levels of macrophage activities such as chemotaxis, phagocytosis, pinocytosis and chemiluminescence
are considered as important parameters among immunological biomarkers, especially in determining the
effect of environmental pollutants and in bacteriological infections (Van der Oost et al. 2003; Faccioli et
al. 2014; Ledic-Neto et al. 2014). There are studies in the literature that confirms these findings. It was
determined that there was an increase in the number of MMCs in Carassius auratus where
phenylhydrazine, a substance used in the paint and pharmaceutical industry, was applied (Herraez and
Zapata 1986). In the microscopic examination of spleen tissues of 7 different fish species in the Gulf of
Mexico, it has been accepted that the presence of more than 40 MMCs per mm2 area can be associated
with the presence of contamination in the hypoxic environment or sediment (Fournie et al. 2001). There
are also studies showing that the metric properties (number, size and percentage of tissue invasion) of
MMCs differ in regions where pollutants are concentrated (Rabitto et al. 2005; Suresh 2009; Ali et al.
2014).

In the cytopathological results, At the 7th and 21st days of our study the phagocytic activity of MMa was
recorded associated with increased number of MMCs (Fig. 4d and 6c). The increase in the number of
MMCs is generally thought to occur due to increased phagocytic activity within the cellular defense
system to remove cellular debris (Ghosh and Homechaudhuri 2012; Ledic-Neto et al. 2014). In parallel
with the phagocytic activity of MMa, it was seen that at the 14th and 21st days of the study there were
remarkable hemosiderin and melanin accumulation in the spleen tissue (Fig. 5a, 5b, 5c, 6a and 6b). In our
study the main source of hemosiderin accumulation was thought to be because of increased damaged
erythrocyte destruction by MMa (Fig. 4d). Hemosiderin pigment is the most important pigment in the
intracellular storage of iron during the degradation of hemoglobin and serves as an intermediate step in
the recycling of iron. The pathological condition caused by the high level accumulation of hemosiderin is
called hemosiderosis which is associated with increased erythrocyte destruction in the spleen (David and
Kartheek 2015). Toxicology studies show that the disruptive action of different insecticides on the
erythropoietic tissue such as kidney and spleen may decrease erythrocyte number and hemoglobin
content as an anemic sign, and even lead to death of fish (Karim et al. 2016; Marteja and Modina 2021).
Catabolism of damaged erythrocytes and iron retention in MMCs are two possible metabolisms of
increased hemosiderin-iron accumulation in fish spleen (Agius and Roberts 2003). In addition, in cases
where erythrocyte phagocytosis is increased, it has been determined that MMCs containing hemosiderin-
iron in the spleen increase in parallel (Dönmez 2016).
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The second important pigment is melanin which is thought to be derived from different exogenous
sources or formed inside the cell. It is thought that melanin has an important role in neutralizing the free
radicals, cations and toxic agents that occur during the destruction of phagocytized cell membranes and
plays a role in the production of antimicrobial compounds such as hydrogen peroxide (Solano 2014). It
has been also reported that an increase in the amount of MMCs containing melanin is a specific
indication of chronic inflammation (Haaparanta et al. 1996; Jansson 2002). It is generally thought that
the mechanism that causes inflammation in the tissues is necrosis (Yang et al. 2015). These findings
could be the explanation of high amount of melanin accumulation in the spleen tissue of O. niloticus
exposed to DZN at 14th day of the study where necrosis was detected (Fig. 5a).

The other important cytopathological alteration caused by DZN exposure at the 7th day of the study was
mitochondrial deformation (cristolysis) in the spleen endothelial cells of O. niloticus (Fig. 4a).
Mitochondria are vital in eukaryotic organisms as they play a central role in biological fuel production,
ATP production by phosphorylation, and programmed cell death (apoptosis) (Bras et al. 2005; Voet et al.
2006; Heath-Engel and Shore 2006). Mitochondrial energy production could be impaired in pathological
conditions (oxidizing chemicals, ischemia, hypoxia, calcium and other chemical agents) leading
structural disorders in mitochondria which cause cellular damage. As a consquence of this impairment,
necrotic cell death; because of ATP depletion, ion disorganization, mitochondrial-cellular swelling,
activation of degrading enzymes, plasma membrane failure and cell lysis, may occur (Nieminen 2003).
According to these findings, mitochondrial deformation (cristolysis) detected in the early days of our
study (day 7) could be another cause of necrosis detected in the spleen tissue in the subsequent days of
the study (days 14 and 21). Thus, there are studies in the literature reporting that DZN and other
pesticides causes mitachondrial deformation in the tissues of some fish species (Samanta et al. 2018;
Jindal and Sharma 2019; Díaz-Resendiz et al. 2020). Furthermore, cristolysis could be suggested as an
important cytopathological feature for decreased metabolic activity of the cell since the enzymes linked
to oxidative phosphorylation are located on inner mitochondrial membrane (Modica-Napolitano and
Singh 2002).

The pyknotic nucleus recorded in spleen endothelial cells of fish at the 7th day of the study could be
considered as an early sign of wide-spread necrosis at the 14th and 21st days of the study. Unlike
apoptosis, in necrosis the cell nuclei condense into smaller chromatin clusters with irregular and
scattered morphologies that can later be dissolved (Fujikawa et al. 2000; Bortul et al. 2001; Niquet et al.
2003). It was also suggested that necrotic pyknosis was likely to be initiated by the detachment of
chromatin from the nuclear envelope (anucleolytic pyknosis) (Fujikawa et al. 2010; Hou et al. 2016). In
this case, the nuclear envelope shrinks slightly, causing the chromatin to detach from the nuclear
envelope. Subsequently, the nuclear envelope and chromatin are further condensed together, causing
both structures to collapse (Sohn et al. 1998; Fujikawa et al. 2010; Hou et al. 2016). At the 7th day of our
study the detachment of nuclear envelope and condensed nucleus are clearly seen in parallel with this
finding (Fig. 4a). In this context, according the results gained from our study, it could be assumed that
DZN caused cell death in the spleen tissue of O. niloticus because of necrosis rather than apoptosis.
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It was previously reported in many studies that DZN caused vacuolar changes in the fish tissues (Banaee
et al. 2013; Banik et al. 2016; Omar-Ali and Petrie-Hanson 2019). In accordence with these findings
vacuolation was detected in the spleen tissue of O. niloticus at 7th, 14th and 21st days of our study
(Fig. 4a, 4c, 5d and 6d). Vacuolization in eukaryotic cells can be temporary or irreversible. Irreversible
vacuolization can cause cell death in the presence of a cytotoxic substance. The death of the cell could
be because of the endoplasmic reticulum (ER), endosomal-lysosomal system and Golgi apparatus
affected by irreversible vacuolization (Shubin et al. 2016). At the 21st day of the study the vacuolation
was detected in the lymphocyte of O. niloticus (Fig. 6d). This result is especially important because it was
known that OPs, including DZN, have immunotoxic effects on some fish species (Al-Ghanim 2012;
Ahmadi et al. 2014; El-Bouhy et al. 2016; Díaz-Resendiz et al. 2019). In some studies it was suggested
that the immunotoxicity of OPs was because of their disruptive effect on leukocyte cholinergic system
(Toledo-Ibarra et al. 2016; Díaz-Resendiz et al. 2019). However, another study reported that some OPs
deregulated lysozyme activity in immune cells of fish species (Li et al. 2013). The later finding is more
relevant with our results in the manner of the cause of vacuolation in the spleen endothelial cells and
lymphocytes of O. niloticus exposed to DZN.

Nuclear deformation was another cytopathological alteration detected at the 7th day of the study in the
spleen tissue of O. niloticus exposed to DZN. Micronucleus, deformed nucleus and nuclear shift were
some of the chemical induced nuclear deformations reported previous studies (Ali et al. 2008; Anbumani
and Mary 2011). Nuclear abnormalities such as lobbed, blebbed, notched nuclei and binucleated cells
have been shown in some studies as an indicator of genotoxicity (Da Silva Souz and Fontanetti 2006).
Nuclear deformation and abnomalities were reported in some previous studies in fish species exposed to
OPs and other pesticide groups (Muranli and Guner 2011; Kumar 2012; Khatun et al. 2021). In contrast to
our study, in previous studies, it was detected that with the duration of the exposure such abnormalities
were increased in parallel (Khatun et al. 2021). It was also reported positive correlation between dosage
level and number of nuclear abnormalities (Ruiz de Arcaute et al. 2016; Khan et al. 2021). According to
the results gained from our study, it could be suggested that DZN had genotoxic effect on the spleen
tissue f O. niloticus.

Conclusions
The results of this study indicated that sublethal concentration of DZN caused histopathological and
cytopathological alterations in the spleen tissue of O. niloticus. The severity of these alterations increased
with the duration of the exposure. The proliferation of MMCs, increased phagositic activity of MMa,
vacuolation and nuclear deformation in the lymphocytes could be sign of immunotoxic and genotoxic
effects of DZN. Whereas hemosiderin accumulation in the spleen tissue could indicate disruptive effect
of DZN on erythrocytes, accumulation of melanin might show inflammatory features of this pollutant.
Also, it was seen that DZN caused pathological changes in the mitochondria of endothelial cells of
spleen tissue which lead to cell necrosis. It was observed that DZN induced necrosis rather than
apoptosis in the spleen tissue. The histopathological and cytopathological evaluation of changes in fish
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spleen can also be suggested as suitable biomarkers in determining the immunotoxicological effect of an
environmental pollutant.
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Figures

Figure 1

The histopathological changes induced by 280 µg/L DZN in the spleen tissue of O. nilotcus for 21 days:
a) Spleen tissue of control group (Group I) at 21st day: White pulp (WP), Red pulp (RP),
Melanomacrophage centers (MMCs); b) Spleen tissue of acetone control group (Group II) at 21st day:
White pulp (WP), Red pulp (RP), Melanomacrophage centers with hemosiderin accumulation (MMCs); c)
The histopathological alterations in the spleen tissue of O. niloticus exposed to 280 µg/L DZN at 7th day:
Hypertrophy (Ht), Pyknotic nucleus (PN), Melanomacrophage centers with hemosiderin accumulation
(MMCs), Cloudy swelling (CS); d) The histopathological alterations in the spleen tissue of O. niloticus
exposed to 280 µg/L DZN at 14th day: Hypertrophy (Ht), Pyknotic nucleus (PN), Melanomacrophage
centers with hemosiderin accumulation (MMCs), Cloudy swelling (CS), Necrosis (N); e) The
histopathological alterations in the spleen tissue of O. niloticus exposed to 280 µg/L DZN at 21st day:
Hypertrophy (Ht), Pyknotic nucleus (PN), Melanomacrophage centers with hemosiderin accumulation
(MMCs), Necrosis (N) , H&E, ×400.

Figure 2

The spleen cells of O. niloticus in control group (Group I) at 21st day: a) Megakaryocyte: Nucleus (Nu); b)
Melanomacrophage: Nucleus (Nu), Melanin (Me), Mitochondri (Mt); c) Endothelial cell: Nucleus (Nu);
 Erythrocyte (Er): d) Monocyte: Nucleus (Nu): e) Lymphocyte; Nucleus (Nu).

Figure 3
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The spleen cells of O. niloticus in acetone control group (Group II) at 21st day: a) Megakaryocyte: Nucleus
(Nu); b) Melanomacrophage: Nucleus (Nu), Melanin (Me); c) Endothelial cell: Nucleus (Nu); Mitochondri
(Mt); d) Monocyte: Nucleus (Nu): e) Lymphocyte; Nucleus (Nu).

Figure 4

The cytopathological alterations induced by 280 µg/L DZN in the spleen tissue of O. nilotcus for 7 days:
a) Cytoparhological alterations in the spleen endothelial cell of O. niloticus: Mitochondrial deformation
(cristolysis) (MD), Pyknotic nucleus (PN), Vacuolation (V); b) Nuclear deformation in reticulocyte and
lymphocyte: Nuclear deformation (ND); c) cytoparhological alterations in the spleen cells of O. niloticus:
Pyknotic nucleus (PN), Vacuolation (V); d) cellular debris and melanomacrophage phagocytizing
degenerated erythrocyte : Melanomacrophage (MMa), Degenerated erythrocyte (DEr),  Cellular debris
(CDb).
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Figure 5

The cytopathological alterations induced by 280 µg/L DZN in the spleen tissue of O. nilotcus for 14 days:
a) The cell debris and melanin accumulation in the spleen tissue of O. nilotcus: Melanomacrophage
(MMa), Cellular debris (CDb), Melanin pigments (Ml): b) The cell debris because of necrosis and
hemosiderin accumulation in the spleen tissue of O. nilotcus: Cellular debris (CDb), Melanin pigment (Ml),
Hemosiderin accumulation (Hm); c) hemosiderin accumulation and necrotic area in the spleen tissue of
O. niloticus: Hemosiderin accumulation (Hm), Melanomacrophage (MMa), Necrotic area (NA); d)
Vacuolation in the spleen endothelial cell of O. niloticus: Vacuolation (V).
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Figure 6

The cytopathological alterations induced by 280 µg/L DZN in the spleen tissue of O. nilotcus for 21 days:
a) Necrosis with hemosiderin accumulation in the spleen tissue of O. niloticus; Necrotic area (NA),
Hemosiderin accumulation (Hm); b) The cell debris because of necrosis and hemosiderin accumulation
in the spleen tissue of O. nilotcus: Cellular debris (CDb), Hemosiderin accumulation (Hm); c)
Melanomacrophage phagocytizing necrotic cell debris: Melanomacrophage (MMa), Cellular debris (CDb);
d) Vacuolation in the spleen lymphocyte: Vacuolation (V). 


