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ABSTRACT Zoology

This study was carried out to determine the histopathological

changes caused by diazinon in the spleen of Swiss albino mice. Research Article
Experimental groups containing low dose (30 mg/kg), medium dose

(60 mg/kg) and high dose (120 mg/kg) were exposed to diazinon Article History

through oral administration for 30 consecutive days. Separation and Received $30.03.2022
hemorrhage in the capsule, congestion, enlarged white pulp, amyloid Accepted 114.03.2023
formation, and karyolysis in some megakaryocytes were determined

in the splenic parenchyma of the low dose group. An increase in the Anahtar Kelimeler
number of enlarged white pulps, hemorrhage within splenic Mice

parenchyma, accumulation of cells into dilated sinusoids and Spleen

amyloid formation were examined in the medium dose group. Some Diazinon

cells passing from the splenic parenchyma into dilated sinusoids Histopathology

were also observed. Intensive congestion, necrotic areas within Megakaryocyte

spleen tissue, an increase in the number of karyolytic
megakaryocytes, fibrosis and some cells passing from the splenic
parenchyma into enlarged sinusoids were prominent histological
lesions in the high dose group. These results showed that diazinon
caused severe dose-related histopathological damages and had the
capacity to disrupt functions of the spleen.

Diazinonun Farelerin Dalag Uzerindeki Toksik Etkilerine Eglik Eden Histopatolojik Degisikliklerin

Degerlendirilmesi
OZET Zooloji
Bu c¢alisma, diazinonun Isvigre albino farelerinin dalaginda
olusturdugu histopatolojik degisiklikleri belirlemek amaciyla yapilda. Aragtirma Makalesi
Diisiik doz (30 mg/kg), orta doz (60 mg/kg) ve yiiksek doz (120 mg/kg) . .
iceren deney gruplari, ardisik 30 giin boyunca oral yoldan diazinona Makr?lle Tar1hg§51
maruz birakildi. Digtik doz grubunun dalak parankiminde kapstlde Received ) 80.03.2022
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olusumu ve baz1 megakaryositlerde karyoliz tespit edildi. Orta doz Anahtar Kelimeler
grubunda geniglemis beyaz pulpa sayisinda artig, dalak Fareler
parankiminde kanama, hiicrelerin genislemis sintizoidlerde Dalak
birikmesi ve amiloid olusumu incelendi. Dalak parankiminden dilate T
sinlizoidlere gegen bazi hiicreler de gézlendi. Yogun konjesyon, dalak Histopatoloji
dokusunda nekrotik alanlar, karyolitik megakaryosit sayisinda artis, Megakaryosit

fibrozis ve dalak parankiminden biiyumis sinlizoidlere gecen bazi
hiicreler yiiksek doz grubundaki belirgin histolojik lezyonlardi. Bu
sonuglar diazinonun doza bagh ciddi histopatolojik hasarlara neden
oldugunu ve dalagin fonksiyonlarini bozma kapasitesine sahip
oldugunu gosterdi.

To Cite : Comden Akat, E., & Cakici, O. (2023) Evaluation of the Histopathological Changes Accompanied for the Toxic
Effects of Diazinon on the Spleen of Mice KSU J. Agric Nat 26(5), 1099-1107. https://doi.org/10.18016/
ksutarimdoga.1096018

Ataf Sekli : Comden Akat, E., & Cakici, O. (2023) Diazinonun Farelerin Dalag1 Uzerindeki Toksik Etkilerine Eglik Eden

Histopatolojik Degisikliklerin Degerlendirilmesi. KSU Tarim ve Doga Derg 26(5), 1099-1107. https://doi.org/

10.18016/ksutarimdoga.1096018



mailto:ozlem.cakici@ege.edu.tr

KSU Tarim ve Doga Derg 26 (5), 1099-1107, 2023
KSU J. Agric Nat 26 (5), 1099-1107, 2023

Aragtirma Makalesi
Research Article

INTRODUCTION

Environmental pollution caused by pesticide residues
as a result of their intensive use in agriculture and
industry is a major concern. Overuse of pesticides has
led to an increased risk of environmental pollution,
detrimental effects on food security, biodiversity, and
water sources (Carvalho, 2006; Queyrel et al., 2016).
Organophosphorus pesticides have been extensively
used all over the world. These pesticides have adverse
effects on non-target organisms including humans
(Pundir & Malik, 2019). They were reported to cause
harmful impacts on mammalian organs such as liver
and kidney (Cakic1 & Akat, 2013) and heart (Ogiitcii,
2006). Moreover, deaths of over 100.000 birds
worldwide were attributed to organophosphate
insecticide monocrotophos (Hooper et al., 2002).
Organophosphorus pesticides cause toxic effects by
irreversible inhibition of acetylcholinesterase at the
cholinergic synapses in the nervous system (Timbrell,
2001), leading to accumulation of acetylcholine at the
nerve terminals and neuromuscular junctions which
resulted in respiratory failure and death (Krieger,
2010).

Diazinon is one of the most widely used
organophosphorus insecticides to control insects in
crops, lawns, fruit, and vegetables (Marete et al.,
2020). It was determined in groundwater, drinking
water wells, soils, fruits, crops, and even human sera
(Aggarwal, 2013; Jafari et al., 2018). Diazinon causes
the inhibition of acetylcholinesterase in the nervous
system of humans (Zhang et al., 2010). In addition to
its neurotoxic effect, diazinon induces vascular
toxicity (Razavi, 2013), oxidative stress (Hernandez-
Moreno et al., 2018) and cardiotoxicity (Danaei et al.,
2019). It also disrupts cytochrome P450 enzymes in
the human liver and can bind to human serum
albumin  through the mainly  hydrophobic
interactions, and hydrogen bond (Sams et al., 2004;
Jafari et al., 2018). A report from the U.S.
Environmental Protection Agency noted the existence
of diazinon metabolites in the urine of children
(Egeghy et al., 2011). Furthermore, diazinon induces
DNA or chromosomal damage in rodent and human
cells in vitro (Guyton et al., 2015). Although diazinon
has low persistence in the environment, it is a
nonspecific insecticide and highly toxic to animals
and humans. Its major degradation products are
hydroxy diazinon, diazoxon, hydroxy diazoxon and 2-
isopropyl-6-methyl-4- pyrimidinol, which may cause
acute toxic effects to workers employed in the
manufacture and application of this pesticide.
Burgess et al. (2008) reported that different
physiological symptoms such as headache, abdominal
cramps, difficulty in breathing, and even death can
result from acute diazinon exposure in human
(Kouloumbos et al., 2003; Colovié et al., 2010).
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The spleen is the biggest and most important
secondary lymphoid organ closely associated with the
circulatory system. It is responsible for initiating
immune response, filtering the foreign substances
from blood, removing old or damaged erythrocytes
and reutilization of iron of hemoglobin (Mebius &
Kraal, 2005; Mescher, 2016). The spleen has a
prominent function in hematopoiesis particularly
throughout fetal life in humans. However, it actively
contributes to blood cell production during the
lifespan of mice (Sieff & Williams, 1995). While the
marrow compartment alone is the major lifelong
blood-forming organ in humans, both the spleen and
bone marrow are the primary site of blood cell
production throughout the postnatal life in mice
(Palis & Yoder, 2001). Neishabouri et al. (2007)
reported toxic effects of diazinon on some internal
organs, including spleen of mice. Zeinali et al. (2022)
investigated the potential protective impact of chyrsin
against immunotoxicity induced by diazinon. In
general, these studies mentioned limited
histopathologic effects of diazinon. To that end, we
aimed to study detailed histopathological impacts of
diazinon on the spleen of Swiss albino mice.
Therefore, the current study will provide a better
understanding of the possible side effects of diazinon
on other nontarget organisms including humans.

MATERIAL and METHOD
Experimental Animals and Design

The mean weight range of the mice was 25-30 g. Body
weight was measured weekly. After 15 days of
acclimatization, the mice were randomly classified
into a control group or diazinon-treated group, each
containing 10 mice which were maintained with same
sex in cages. Experimental groups contained low dose
(30 mg/kg), medium dose (60 mg/kg), and high dose
(120 mg/kg). Diazinon (purity 99%) was supplied by
AgroBest Grup (Izmir, Turkey). All experimental
groups were kept under standard laboratory
circumstances at 12-h dark/light cycles, 45+5%
relative humidity, and 22+3°C temperature. The
control group received normal laboratory chow.
Experimental mice were fed daily with laboratory
chow mixed with diazinon for 30 consecutive days.
Animals were given standard laboratory chow and
tap water ad libitum. There was no death in any
diazinon-treated group during these experiments. All
animal care and experimental procedures were
approved by Ege University Animal Experiments
Ethics Committee (permit no: 2011-047). The animals
were treated humanely and with regard for
alleviation of suffering.

Histopathological Analyses
After 30 days following exposure to diazinon, the mice
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were euthanized under ether anesthesia. Spleens of
the experimental mice were quickly removed and
fixed in Bouin’s solution for 24 hours. They were then
transferred in ethanol (70%, 96%, 100%) for
dehydration and put into xylol for transparency.
Thereafter, the samples were embedded in paraffin
following standard histological methods. Processing
was manual and 5um-thickness deparaffinized
sections were stained with Harris hematoxylin-eosin
(H&E, Sigma Aldrich, St Louis, Mo, USA) to
demonstrate the general morphology of the tissue.
After the stain with Periodic acid Schiff (PAS, Sigma
Aldrich, St Louis, Mo, USA), counterstaining was
carried out with H&E. PAS staining showed severe
fibrosis in the splenic parenchyma. They were
examined and photographed with a Zeiss Axioscope
light microscope connected to an AxioCam Erc5S
digital camera (Carl Zeiss, Oberkochen, Germany).

RESULTS

The present study was designed to determine harmful
effects of diazinon on the splenic parenchyma of mice.
Based on our results, there was no difference between

-

Figure 1. Light mi

croscopic vie

Low Dose: 30 mg/kg diazinon exposed group

Separation and hemorrhage in the splenic capsule
were determined in the low dose group. Congestion
within the splenic parenchyma was also detected
when compared with the control group (Fig. 2a).
Enlarged white pulps (Fig. 2b) and amyloid formation
in dilated sinusoids were important findings (Fig. 2c¢).
Additionally, karyolysis in some megakaryocytes was
examined (Fig. 2d).

1101

male and female mice. Light microscopic observations
showed that diazinon caused dose-related destructive
changes in the spleen such as congestion, enlarged
white pulp, amyloid formation, Kkaryolysis in
megakaryocytes, sinusoidal dilation, accumulation of
cells in enlarged sinusoids, necrotic areas, and
fibrosis.

Control Group

The spleen is mainly composed of two functional parts
called the white and red pulps. The organ was mainly
composed of the red pulp which was clearly
distinguishable from the white pulp. In the splenic
parenchyma, the splenic artery was divided into small
arterioles that constituted the central arterioles. The
central arteriole was enveloped by lymphoid tissue
forming the splenic white pulp. Lymphocytes were
predominant in the white pulp surrounded by the red
pulp. Numerous sinusoids were observed in the
splenic tissue (Fig. 1a). Erythrocytes, macrophages,
and megakaryocytes were also present in the red pulp
(Fig. 1b).

30 day
central arterioles (arrows) in white pulp, sinusoids (s), scale bar: 100 pm, b) Detailed appearance of
megakaryocytes, scale bar: 50 pym, H&E: Hematoxylin and Eosin

Sekil 1. 30 giin sonra kontrol grubundaki dalagin 1s1k mikroskobu gériiniimii, a) Beyaz pulpa (wp), kirmiz pulpa

(rp), beyaz pulpada merkezi arteriyoller (oklar), sintizoidler (s), élgek: 100 um, b) Megakaryositlerin
ayrintili goriintimi, olgek: 50 um, H&E: Hematoxylin ve Fosin

Medium dose: 60 mg/kg diazinon exposed group

In the medium dose group, an increase in the number
of enlarged white pulps was observed (Fig. 3a).
Hemorrhage within the splenic parenchyma and
accumulation cells in dilated sinusoids were also
detected (Fig. 3b). Amyloid formation and some cells
passing from the splenic parenchyma into dilated
sinusoids were also determined (Fig. 3c).
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Figure 2. Light microscopic view of spleen in the low dose group after 30 days of diazinon exposure, a)
Hemorrhage (arrow) in separated capsule. Congestion (arrowheads) within the splenic parenchyma,
scale bar: 50 um, b) Enlarged white pulp (asterisk), scale bar: 200 pm, ¢) Amyloid formation in dilated
sinusoid (a) and enlarged sinusoid (arrow), scale bar: 50 pm d) Karyolysis (k) and amorphous (a) in
megakaryocytes, scale bar: 20 pm, H&E: Hematoxylin and Eosin

Sekil 2. 30 giinlitk diazinon maruziyetinden sonra diisitk doz grubunda dalagin isik mikroskobu goriiniimii, a)

Ayrilmis kapsiilde kanama (ok). Dalak parankiminde konjesyon (ok baslari), olgek: 50 pum, b)
Genislemis beyaz pulpa (yildiz), élgek: 200 um, ¢) Genislemis siniizoidde amiloid (a) olusumu ve
genislemis siniizoid (ok), 6lgek: 50 um, d) Karyoliz (k) ve megakaryositlerde sekilsizlik (a), 6lgek: 20 um,

H&E: Hematoxylin ve Eosin

High dose: 120 mg/kg diazinon exposed group

In the high dose group, intensive congestion (Fig. 4a)
and necrotic areas within the splenic parenchyma
(Fig. 4b) were detected. An increase in the number of
karyolytic megakaryocytes was clearly examined (Fig.
4c). Moreover, fibrosis and some cells passing from

spleen tissue into enlarged sinusoids were observed
(Fig. 4d).

All histopathological changes were presented in Table
1. Evaluation of histopathological defects were made
in a blinded manner by two persons.

Table 1. Histological alterations on the spleen of mice after exposure to diazinon (30, 60 and 120 mg/kg)
Cizelge 1. Diazinona maruziyet sonrasinda farelerin dalagindaki histolojik degisiklikler (30, 60 and 120 mg/kg)

Tissue  Histopathological changes Control 30 mg/kg 60 mg/kg 120 mg/kg
Congestion 0 ++ ++ +++
Separation of capsule 0 +++ 0 0
Dilated sinusoids 0 ++ +++ ++

g Enlarged white pulp 0 ++ +++ 0
% Karyolysis in megakaryocytes 0 + + +++
n Amyloid 0 ++ ++ 0

Cells in dilated sinusoids 0 0 +++ +
Fibrosis 0 0 0 +++
Necrotic areas 0 0 0 ++

Note: Histopathological defects were presented based on their severity (None=0; Mild=+; Moderate=++; Severe=+++)
Not: Histopatolojik hasarlar ciddiyetlerine gore belirtildi (Hig=0; Zayif=+ Orta=++; Siddetli=+++)
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Figure 3. Light microscopic view of spleen in the medium dose group after 30 days of diazinon exposure, a)
Enlarged white pulp (asterisk), scale bar: 400 pum, b) Congestion within splenic parenchyma
(arrowheads) and accumulation cells (a) in dilated sinusoids (arrows), scale bar: 50 pm, ¢) Amyloid
formation (a) and some cells (arrowhead) passing from spleen parenchyma into dilated sinusoids
(arrows); scale bar: 50 pm, H&E: Hematoxylin and Eosin

Sekil 3. 30 giinliik diazinon maruziyetinden sonra orta doz grubunda dalagin 1sik mikroskobu goriiniimii, a)

Genislemis beyaz pulpa (yildiz), élgek: 400 um, b) Dalak parankimasinda konjesyon (ok bagslari) ve
geniglemis sintizoidlerde hiicrelerin birikimi (a), élcek: 50 um, ¢) Amiloid olusumu (a) ve dalak

parankimasindan genislemis siniizoidlere (oklar) gegen bazi hiicreler (ok basi); dlgek: 50 um, H&E:
Hematoxylin ve Eosin
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K [
Figure 4. Light microscopic view of spleen

in high dose group

after 30 days of diazinon exposure, a) Intensive

congestion within the splenic parenchyma (arrowheads), b) Wide necrotic areas (n), ¢) Karyolytic (k)
megakaryocytes and congestion (arrowhead) in splenic parenchyma; H&E: Hematoxylin and Eosin, d)
Fibrosis (f) and some cells (arrowhead) passing from spleen parenchyma into enlarged sinusoids

(arrows); scale bars: 50 um, PAS: Periodic Acid Schiff
Sekil 4. 30 giinliik diazinon maruziyetinden sonra orta doz grubunda dalagin 1s1k mikroskobu goriiniimii, a)
Dalak parankiminde yogun konjesyon (ok baslary), b) Genis nekrotik alanlar (n), ¢) Karyolitik (k)
megakaryositler ve dalak parankimasinda konjesyon (ok basy); H&E: Hematoxylin ve Fosin, d) Fibrozis
(O ve dalak parankimasindan genislemis siniizoidlere (oklar) gecen bazi hiicreler (ok baslari); élgekler:

50 um, PAS: Periodic Acid Schiff

DISCUSSION

The spleen, which is the largest lymphoid organ in
the body, acts a prominent role in the defense
mechanisms of organisms. Additionally, it serves as a
blood cell reservoir and performs the destruction of
old or damaged erythrocytes. It also acts to eliminate
abnormal neutrophils and platelets, and it is a
phagocytic filter to remove bacteria. Abnormality in
this role, e.g. hypersplenism, results in an increase in
the number of abnormal neutrophils, erythrocytes,
platelets or any composition of these blood factors
(Podder et al., 2010).

In the spleen there are two main functional parts, the
red and white pulps. The localization of white pulp is
around central arterioles, and it consists of the
periarteriolar lymphoid sheath (PALS), primary or
secondary follicles and marginal zone. PALS is known
as the T-cell region. The localization of splenic B cells
are mainly primary or secondary follicles adjacent to
the PALS. The adjacent follicles and PALS are
surrounded by a marginal zone that contains a
mixture of cell types, and the junction between the
marginal zone and the red pulp is not always
apparent (Elmore, 2006). The spleen acts a vital role
in hematopoiesis throughout the life of mice (Sieff &
Williams, 1995). Therefore, many megakaryocytes
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were observed in the histological section of the spleen
in both control and treatment groups in this study.
Megakaryocytes are giant polyploid cells
predominantly scattered in the bone marrow typically
near sinusoidal capillaries. Their polyploid nuclei are
large and irregularly lobulated with coarse
chromatin. Myeloid stem cells give rise to
megakaryocytes. Thrombopoietin, a humoral factor
formed by the liver, is known to arrange
megakaryocytes and the production of platelets
(Mescher, 2016). Hematopoiesis is the dynamic
process whereby all formed elements of the blood
arise from the multipotent precursor cells produced
by hematopoietic stem cells. While hematopoiesis in
the adult human occurs primarily within the red bone
marrow, several other tissues including yolk sac,
liver, and spleen serve as primary sites of
hematopoiesis during mammalian embryogenesis
(Tavassoli, 1991; Zon, 1995). Both the spleen and
bone marrow serve as the primary sites of blood cell
production throughout the life of the postnatal mouse.
On the other hand, bone marrow is the major lifelong
blood-forming organ in humans (Sieff & Williams,
1995).

Due to fact that reports related to the negative
impacts of pesticides on mammalian splenic tissue
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are limited and the spleen is the site of direct and
indirect toxicity, the current work was performed to
elucidate the harmful impacts of diazinon on the
splenic parenchyma of Swiss albino mice. Therefore,
the results of this study can only be discussed with a
few other searches. Separation and hemorrhage in
the capsule and congestion within the splenic
parenchyma were determined in the low dose group.
After exposure to the aromatic amine 3,4-
dichloroaniline (herbicide), a dose-related
enlargement of splenic red pulp was described with
prominent vascular congestion and increased red pulp
cellularity in a fish species, Pomatoschistus microps
(Monteiro et al., 2006). In our study, enlarged white
pulp and amyloid formation in dilated sinusoids were
important findings in the low dose group. Lovat et al.
(2015) reported that mouse models of Non-Hodgkin
Lymphomas showed splenomegaly with enlargement
of the white pulp secondary to
expansion/accumulation of B lymphocytes.
Neishabouri et al. (2007) investigated some toxic
effects of diazinon on mice internal organs. Authors
found that the ratio of spleen red pulp to white pulp
demonstrated an important increase. In addition,
diazinon caused white pulp atrophy with capsular
and trabecular damages in the spleen.

In the medium dose group, congestion within the
splenic parenchyma of Swiss albino mice was
observed. Similar observations were noticed by
Mohany et al. (2011) who reported that imidacloprid
insecticide caused congestion in the red pulp of the
spleen of male albino rats. We also examined
accumulation of cells in dilated sinusoids, amyloid
formation, and some passing cells from splenic cords
into dilated sinusoids, an increase in the number of
enlarged white pulps in the medium dose group.
Korani et al. (2011) noted hypertrophic white pulps
after exposure to AgNOs. The white pulp of mice also
revealed hypertrophy after being exposed to zinc
oxide, cyclodextrin and cefepime (Oprea et al., 2016).
Dkhil (2009) reported that there was an apparent
enlargement of the white pulp because of cellular
proliferation. Handy et al. (2002) mentioned the
diazinon effects on some organs of mice. However,
they did not present detailed findings on these organs
including spleen. They reported the hyperplasia of
white and red pulps and hemorrhage after exposure
to diazinon. In this study, intensive congestion and
some cells passing from spleen tissue into enlarged
sinusoids were observed in the high dose group. An
increase in the number of karyolytic megakaryocytes
were also examined. Studies of diazinon’s
mutagenicity showed that it can damage DNA in
human blood cells and cells from laboratory animals
(Grover et al., 2003). Moreover, disintegration of the
splenic tissue and fibrosis were observed. Similar
lesions were determined in the spleen of rats exposed
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to Bisphenol A (Ahmed et al., 2015) and Levantine
frog, Pelophylax bedriagae exposed to Carbaryl
(Cakici, 2018). All these histopathological changes
may be attributed to functional disruption of the
spleen. Due to the primary role of megakaryocytes in
blood cell production, an increase in the number of
karyolytic megakaryocytes showed that diazinon has
the capacity to hinder blood cell formation. According
to Handy et al. (2002), chronic diazinon exposure
resulted in necrotic degeneration of the trabeculae in
both spleen and thymus of mice. El-Bendary et al.
(2014) showed that profenofos and chlorpyrifos caused
hepatic and splenic lesions including congestion and
hemorrhage in male mice. Due to the splenic necrose,
it exhibited a reduction in the number of lymphocytes
in the white pulp of the high dose group in this study.
On the other hand, Dkhil (2009) reported that it was
difficult to differentiate the limit between white and
red pulps in the spleen of malaria-infected mice.
Similar finding was observed in the high dose group
of our study.

CONCLUSION

Diazinon induced considerable histological defects in
the splenic tissue of Swiss albino mice. Since there is
little research related to the impacts of pesticides on
the spleen of mammals, the current research will be
useful for other mammalian toxicologic
investigations.
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