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Abstract:Histopathological effects of different sublethal concentrations (1, 2 and 4
mg/l) of diazinon, an organophosphorus pesticide, on gill, liver, spleen and kidney of
grass carp (Ctenopharyngodon idella) were studied after 1, 7, 15, 30 and 45 days
post-exposing fishes weighting 850 + 155 g to the toxicant for 12 hours at 18-22°C.
In addition, tissues of nostril were examined for transmission electron microscopy
and scanning electron microscopy. Results of light microscopic examinations of
tissues showed that toxicant was causing severe histopathological effects such as
congestion of blood vessels, haemorrhage, cellular infiltration, pyknosis of cells
nuclei, vacuolar degeneration and general necrosis in the kidney, spleen and liver.
There were also degenerative changes of interstitial tissue and detachment of tubular
basement membrane in kidney observed. Hyperplasia and fusion of secondary
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lamellae, separation and sloughing of epithelium from the underlying basement
membrane were also observed in gill sections. Transmission electron microscopy
(TEM) examination of nostril revealed, damages of epithelial cells (vacuolated club
cells and abnormality in cells' nuclei). Scanning electron microscopy (SEM)
examination of nostril showed a reduction in excretion of amorphous proteinous
materials, reduction in vesicle numbers on the cell surface and also closing of cell
surface canals.

Keywords: Grass carp (Ctenopharyngodon idella), diazinon, histopathology,
TEM, SEM

Introduction

Pesticide contamination of surface waters from agricultural activities is a
problem of worldwide importance (Tsuda et al., 1997). Industrial discharges, run-
off from farms, especially insecticides, city effluents and other contaminants of
human origin are important pollutants present in the aquatic environment and thus
unavoidable by fish (Cross er al., 1985; Tsuda et al., 1990; Sheipline, 1993; Bailey
et al., 1997; Talebi, 1998; Eisler, 2000). Insecticides are commonly employed in
agriculture and their toxicity to different groups of vertebrates has been widely
studied (e.g. Keizer et al, 1991; Alam & Maughen, 1992; Sancho er al., 1992;
Tsuda et al., 1997; Khalaf-Allah, 1999; Bailey et al., 2000).

Diazinon[O-O-diethylO-(2-isopropyl-6-methyl-4-pyrimidinyl) Phosphorothioate]
is a widely used organophosphorus pesticide around the world, especially in rice
paddy fields. It is used extensively to control flies, lice, insect pests of ornamental
plants and food crops, as well as nematodes and soil insects in lawns and croplands.
Diazinon degrades rapidly in the environment, with half-life persistence usually less
than 14 days. However, under some conditions such as low temperature, low
moisture, high alkalinity and lack of suitable microbial degraders, it may remain
biologically active in soil for up to 6 months. Toxic action of the toxicant in fish is
based on its ability specifically to inhibit activity of acetylcholine in nervous

synapses resulting in dystrophic changes both destruction of nervous cells and
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hypoxia induction (Keizer ef al., 1995; Tsuda et al., 1997; Hamm ef al., 1998;
Eisler, 2000).

Results of a number of studies show that such toxic chemicals can affect fish
health conditions at various levels, including fish immune system resulting in an
increase in fish susceptibility to infectious diseases (e.g. Keizer et al., 1991,1993;
Sancho et al., 1993,1997; Tsuda et al., 1997; Bailey et al., 2000; Svoboda et al.,
2001; Luskova et al., 2002). It is also well known that natural waters and sediments
where fish live can be significantly contaminated by pesticides and other industrial
chemicals, affecting fish immune system (Anderson & Zeeman, 1995).

In the present study histopathological changes of gill, kidney, spleen, liver and
nostril of grass carp (Ctenopharyngodon idella), were studied using light and
electron microscopy, following a short term exposure to various sublethal

concentrations of diazinon.

Materials and methods

1. Fish

One hundred and twenty grass carps, weighing 850 + 155 g from one fish farm
in north of Iran were used. Fishes were held in 1200 L tanks receiving a constant
supply of fresh water. The experiments were initiated after 4 days of acclimation.
Twelve tanks were stocked with 10 fishes in each. Fishes were fed with fresh
vegetables consisting of lucerne grass, clover and lettuce. Water quality parameters,
water temperature, dissolved oxygen and pH were maintained at 18-22°C, 7.7mg /L
and 7.5, respectively.
2. Diazinon application

Fishes of each tank received diazinon at concentrations of 1, 2 and 4mg/L in 3
replicate for 12 hours at 20-22°C and then were transferred to clean water. Control

group were kept in clean water separately.
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3. Collection and processing of samples

Samples were collected after 1, 7, 15, 30 and 45 days post-exposure to the
toxicant. Five fishes per treatment were collected at each sampling time. Tissues of
gill, spleen, liver and kidney were sampled for histopathological study. In addition,
tissues of nostril were sampled for electron microscopy studies.

4. Light microscopic examination

At each sampling time, tissues of gill, spleen, liver and kidney were
immediately removed and fixed in cold 10 % buffered formalin for at least 24 hours
before processing in an automatic tissue processor using standard procedure
(Roberts, 2001). The Sum sections obtained from the paraffin embedded blocks
were stained using Haematoxylin & Eosin staining and examined under compound
microscope.

5. Electron microscopic examination
a) Scanning electron microscopy (SEM)

The SEM was carried out according to air-drying procedure as described by
Bozzola and Russell (1999). The processed samples were mounted on an SEM stub
in vacuum and were coated with gold to get 10 nm coats in coater (E5200 Auto
sputter coater) for 5 minutes. The stubs were then examined under SEM
(STEROSCAN 360).

b) Transmission electron microscopy (TEM)

The TEM was carried out according to the method described by Robards and
Willson (1993). The sections were prepared, transferred to the grid, stained with
uranium acetate for 20 minutes, and then washed with lead citrate. The dried
sections at room temperature were examined under Philips 400 transmission

electron microscopy.
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Results
a) Light microscopy

Histopathological findings by light microscopy are summerized in tables 1-4.
Congestion of blood vessels, haemorrhage, increasing of melanomacrophage
centres, separation of connective tissue, vacuolative degeneration in splenic pulp,
pyknosis of nuclei of immunocompetent cells, haemosidrosis, necrosis of ellipsoids
and general necrosis of tissue were seen in the spleen (Figs. 1&2).

Congestion of blood vessels, haemorrhage, inflammatory cells infiltration,
increasing of melanomacrophage centres, general necrosis of tissue, vacuolar
degeneration, karyolysis and pyknosis of cells' nuclei were recorded from kidney
sections (Figs. 3&4).

Congestion of blood vessels, haemorrhage, degenerative changes of
hepatocytes, sinuses dilation, pyknosis of hepatic cells, degeneration of bile ducts,
focal and general necrosis of hepatocytes were observed in the liver (Figs. 5-8).

Congestion and dilation of blood vessels, mild inflammatory cells infiltration,
increasing in lymphocytes number, swelling, separating and sloughing of the
basement membrane of lamellae, hyperplasia, fusion and also necrosis of secondary

lamellae were the changes seen in the gill (Figs. 9 &10).
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Table 1: Histopathological findings of grass carp spleen exposed to various
sublethal concentrations of diazinon at 20-22°C.

Concentrations of

Sampling days Histopathological changes parameters diazinon (mg/1)

(post exposure) 1 2 4
Congestion of blood vessels ++ | Ak | At
1 Haemorrhage - - ++

Increasing melanomacrophage centres - - +

Pyknosis of nuclei in white pulp - - +
Congestion of blood vessels + ++ | ++
7 Increesing melanomacrophage centres + ++ | ++
Pyknosis of nuclei of immunocompetent | + ++ [ ++

cells

§ Congestion of blood vessels + + +
N Increasing melanomacrophage centres + Ak | S
i 15 Necrosis of spleen ellipsoids + + |
§ General necrosis of spleen tissue + + ++

.:_ Haemosidrosis + +
,.CE’ 30 Increasing melanomacrophage centres + ++ | ++
'g General necrosis of spleen tissue + + ++
% Haemosidrosis + | |
g General necrosis of spleen tissue + | |

= 45 Congestion of blood vessels + - -
§ Increasing melanomacrophage centres + ++ | 4+

- = no significant microscopic changes

+ = mild changes (10 percent changes in 40x objective microscope view)

++ = moderate changes (20 percent changes in 40x objective microscope view)

+++ = severe changes (more than 20 percent changes in 40x objective microscope view)

[ DOR: 20.1001.1.15622916.2006.5.2.7.3 ]
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Table 2: Histopathological findings of grass carp kidney exposed to various
sublethal concentrations of diazinon at 20-22°C.

Concentrations of

Sampling days Histopathological changes parameters diazinon (mg/1)
(post exposure) 1 2 4
Congestion of blood vessels + | ot ++
Haemorrhage - + +t
1 Cellular infiltration - + £ 2
Increasing melanomacrophage centres - - *
General necrosis of kidney tissue + || ok |
Pyknosis of kidney cells nuclei + | ek | EE
7 Vacuolar degeneration of kidney cells nuclei + | et | HEE
General necrosis of kidney tissue ++ | |
+
Karyolysis and pyknosis of cells nuclei + | b |
15 General necrosis of kidney tissue + | ++ |
Pyknosis of different types of kidney cells | + | +++ | +++
30 nuclei + | |
General necrosis of kidney tissue
45 —

- = no significant microscopic changes

+ = mild changes (10 percent changes in 40x objective microscope view)
++ = moderate changes (20 percent changes in 40x objective microscope view)
+++ = severe changes (more than 20 percent changes in 40x objective microscope view)
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Table 3: Histopathological findings of grass carp liver exposed to various

sublethal concentrations of diazinon at 20-22°C.

Concentrations of
Sampling days Histopathology changes parameters diazinon (mg/1)
(post exposure) 1 2 4
Congestion of blood vessels +H+ [ - -
Haemorrhage + - -
) Sinuses dilation - |+
Vacuolar degeneration of hepatocytes - | |
General necrosis of hepatocytes - + ++
Congestion of blood vessels +++ | + +
Pyknosis of hepatic cells =+ | [
7 Cloudy swelling +++ | ++ ++
Focal necrosis - ++ -
General necrosis of hepatocytes - it |
Congestion of blood vessels +H | ++ +
Sinus dilation % k|
15 Pyknosis of hepatic cells + ++ | 4+
Degeneration of bile ducts - - +
General necrosis of hepatocytes + | |
Congestion of blood vessels + + ++
Sinus dilation Sl e e o
30 Pyknosis of hepatic cells + + ++
Degeneration of bile ducts - - +
General necrosis of hepatocytes - + |
Congestion of blood vessels + +- +
Pyknosis of hepatic cells + ++ oo
45 Vacuolar degeneration in hepatic cells - ++ -
Focal necrosis of hepatocytes + + |
General necrosis of hepatocytes | F tk | Ak

- = no significant microscopic changes

+=mild changes (10 percent changes in 40x objective microscope view)

++ = moderate changes (20 percent changes in 40x objective microscope view)
+++ = severe changes (more than 20 percent changes in 40x objective microscope view)
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Table 4: Histopathological findings of grass carp gill exposed to various
sublethal concentrations of diazinon at 20-22°C.
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Concentrations of
(S ;Ttpel:;i::gg Histopathological changes parameters diasision (g
1 2 4
Congestion + | B |
1 Dilation of blood vessels - + ++
Mild cellular infiltration - + ++
Swelling of the basement membrane - # ++
Increasing in lymphocytes number + | |
7 Separating and sloughing of basement | + | ++ | +++
membrane
Necrosis of lamellae F++ |+ |
Congestion ++ + +
Swelling of the basement membrane +H | ++
15 Hyperplasia and fusion of lamellae + ++ | A+
Necrosis of lamellae +H+ | A |
Fusion of lamellae ++ + |+t
30 Sloughing of basement membranes of | ++ | ++ | +++
lamellae 4+ | |
Necrosis of lamellae
45 —

- = no significant microscopic changes

+ = mild changes (10 percent changes in 40x objective microscope view)

++ = moderate changes (20 percent changes in 40x objective microscope view)

+++ = severe changes (more than 20 percent changes in 40x objective microscope view)
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Figure 1: Separation of connective tissue (arrows) seen in the splenic parenchyma
at 45 days post exposure to 2 mg/l of diazinon (H&E, x 488).

[ Downloaded from jifro.ir on 2025-12-16 ]

Figure 2: Vacuolar degeneration seen in splenic pulp possibly due to oedema,
observed at 45 days post exposure to 2 mg/l of diazinon (H&E, x
740).

[ DOR: 20.1001.1.15622916.2006.5.2.7.3 ]
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Figure 3: Congestion (C) in kidney's vein, degeneration of interstitial tissue
(arrows) and detachment of tubular basement membrane (arrow
heads) at 1 day post exposure to 4 mg/l diazinon. (H&E, x 488).

[ Downloaded from jifro.ir on 2025-12-16 ]

Figure 4: Degeneration of interstitial tissue of kidney (DI), detachment of
basement membrane and shrinkage of tubuls (S) and necrosis of
glomerulus (arrow head) were also seen at 7 days post exposure to 4
mg/l diazinon (H&E, x 488).

[ DOR: 20.1001.1.15622916.2006.5.2.7.3 ]
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Figure 5: Generalized liver degeneration as indicated by pyknotic nuclei
(arrows) in the paranchyma. Also seen hepatopancreas showing loss
of structural integrity (arrow heads) in fish exposed to 2 mg/l
diazinon at day 30 post exposure (H&E, x 122).

Figure 6: Focal necrosis (arrow) in the liver manifested by the presence of
pyknotic cells and pale-staining area, seen at day 45 post exposure to
2 mg/l of diazinon (H&E, x 488).
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Figure 7: Vacuolar degeneration of hepatocytes (arrows), at day 7 post exposure
to 2 mg/l diazinon (H&E, x 488).

Figure 8: Generalized vacuolar degeneration and pyknosis of hepatocytes nuclei
(arrows) at day 7 post exposure to 4 mg/l diazinon (H&E, x 488)
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Figure 9: Gill lamellae of grass carp at day 7 after exposure to 2 mg/l diazinon
showing proliferation of secondary lamellae (arrows). Separation
and sloughing-off epithelium (arrow heads) from the underlying
basement are also observed (H&E, x 122).

Figure 10: Gill lamellae of grass carp at day 15 after exposure to 2 mg/l
diazinon showing hyperplasia and fusion of secondary lamellae
(arrow). Separation and sloughing-off epithelium (arrow heads)
from the underlying basement are also seen (H&E, a= x 244 and b =
x 488).
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b) Electron microscope examination

Findings of TEM and SEM examination of nostril tissue which has close contact
to the diazinon are shown in figures 11-16. Vacuolation in the cytoplasm of club
cells as a secretor cells, and abnormality in cells nuclei were seen with TEM.
Increasing in droplet on the cell surface, reduction in excretion of amorphous
proteinous materials and vesicles number and also blockage of cell secretion canals

(openings) were also observed using SEM.

Figure 11: TEM micrograph of vacuolated epithelial cells (arrows) of grass
carp's nostril exposed to 4 ppm diazinon at 20-22° C (x 3439).

Figure 12: TEM micrograph of vacuolated epithelial cell of grass carp's
nostril with abnormal nuclus (AN) (x7410).
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[ Downloaded from jifro.ir on 2025-12-16 ]

Figure 13: SEM micrographs of nasal epithelial cells of normal grass carp
showing amorphous proteinous materials, vesicles and cell secretion
canals. A= x 800, B= x 2500, C= 5000, D= x 8000

[ DOR: 20.1001.1.15622916.2006.5.2.7.3 ]
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Figure 14: SEM micrograph of nasal epithelial cells of grass carp exposed to 1
ppm diazinon showing an increasing in droplet on the cell surface.
A= x 500, B= x 1000, C= x 2500, D= x 5000
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Figure 15: SEM micrograph of nasal epithelial cells of grass carp exposed to 2
ppm diazinon showing a reduction in excretion of amorphous
proteinous materials and vesicles number (A, B) as well as blockage
of cell secretion canals (C. D).

A= x 800, B= x1000, C= x 1500, D= x 2500
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C

Figure 16: SEM micrograph of nasal epithelial cells of grass carp exposed to 4
ppm diazinon showing a severe reduction in excretion of amorphous
proteinous materials and vesicles number (A, B). The cell secretion
canals are blocked (C, D).

A= x 250, B= x 2500, C= x 2500, D= x 2600
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Dscussion

Exposure of grass carp (Ctenopharyngodon idella) to 1, 2 and 4mg/L diazinon
caused some histopathological changes in fish organs. Congestion and dilation of
blood vessels, swelling, separation and sloughing of basement membrane of the
secondary lamella were the most common encountered pathological changes in gill
sections. It was postulated that congestion of blood vessels and also swelling and
lifting of the epithelia and basement membrane could have serve as a defence
mechanism in protecting the fish against irritant chemical. Skidmore and Tovell
(1972) believed that lifting and swelling of the epithelium serve to increase the
distance through which chemical irritants must diffuse to reach blood stream.
However, Jagoe and Haines (1983) reported that such phenomenon could adversely
affect oxygen uptake by increasing the distances over which respiratory diffusion
occurs. However, if the diffusion distance and secretion of mucus increase, it could
affect the respiration of the fish, leading to its death (Dutta er al. 1993). At higher
concentration, hyperplasia, fusion and necrosis of lamellae were particularly
remarkable 7 days post exposure. Such histopathological changes have also been
reported by other workers using the same chemical on other species of fishes. Gill
alterations such as necrosis and rupture of lamellae are believed to be poisoning
dose-dependent. The severity of histopathological changes found in this study was
toxicant dose-dependent. Necrosis or cell death may be either occurring by
autolysis or rapid lyses (Mallatt, 1985). Autolysis is caused by enzymes in the cell
itself in response to the disruption of cell activities. Rapid lyses occur by direct
lyses of cell components by chemical irritants (Abel, 1976). However, gill disorders
observed in the present study may result in physiological disorder, which could
ultimately lead to the death of fish.

Histopathological study of liver sections showed a congestion of blood vessels
and sinuses dilation almost in all experiments. This could be considered as a

defence mechanism of fish to dilute the poison in blood and to boost the immune
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system. The hepatocytes have undergone different stages of degeneration before the
complete necrosis. This result shows that hepatocytes are quite sensitive to
diazinon. Klaassen and Warkins (1984) believe that toxin which enter the liver via
the hepatic portal vein are removed by a process known as presystemic hepatic
elimination, which eliminates toxins during a single pass through the liver under
optimal conditions. This process prevents, or at least minimizes, the distribution of
foreign chemicals to other parts of the body. The histopathological changes of grass
carp liver exposed to diazinon in this study were similar to those reported by
Rahman e al. (2002), in fish species such as Anabas testudineus, Channa punctatus
and Barbodes gonionotus exposed to diazinon. Kabir and Begum (1978) had also
reported histopathological changes such as cytoplasmic degeneration, pyknotic
nuclei in liver tissues, vacuolation in hepatic cells and rupture of blood vessels,
degenerative hepatic cells and necrotic nuclei when Heteroneutes fossilis was
exposed for 25 days to 5, 10 and 20 ppm diazinon.

The kidney as a mixed organ comprising haemopoetic, reticuloendothelial,
endocrine and excretory elements is one of the most important defensive organs of
fish (Roberts, 2001). In this study, congestion and haemorrhage were observed in
the early stages of exposure, which could have been due to the toxicant effect on the
blood vessels wall, resulting in diapedesis of blood. Tubular and haematopoietic
cells degeneration, vacuolation, pyknosis and karyolysis of nuclei, necrosis of the
kidney hematopoietic tissue and, to some extent, cellular infiltration in intercellular
spaces of the tissue were also observed. These histopathological changes are also
reported by Rahman et al. (2002).

Different degree of necrosis in splenic ellipsoids, pyknosis of immuno-
competent cells’ nuclei and increase in hemosidrins in melanomacrophage centres
were observed in the spleen sections. Pyknosis, karyolysis, vacuolar degeneration
of nuclei and ultimately necrosis of spleen tissue, especially the haematopoietic

tissue, were also seen in almost all treatments. Necrosis of the haematopoietic tissue


https://dor.isc.ac/dor/20.1001.1.15622916.2006.5.2.7.3
http://jifro.ir/article-1-3123-en.html

[ Downloaded from jifro.ir on 2025-12-16 ]

[ DOR: 20.1001.1.15622916.2006.5.2.7.3 ]

132 1. Sharifpour et al.

of spleen, which is a very sensitive and highly active tissue, may occur readily as a
result of toxins circulated from peripheral (Roberts, 2001).

TEM examination of tissues revealed that diazinon could cause severe damages
to the micro-structure of cells. SEM and TEM examinations of nostril tissue of fish
which had close contact to the diazinon, showed vacuolation in the cytoplasmic
area of club cells with their secretion canals (openings) being blocked, resulting in
reduction, and ultimately blocking, of proteinus material excretion on the cellular
surfaces.

In conclusion, the light microscopic findings show that diazinon at sublethal
concentration can affect some vital organs of grass carp such as gill, kidney, spleen
and liver. However, the severity of damages is dependent on both toxicant-dose and
exposure-duration. Also, results obtained from TEM and SEM studies show that the
cytoplasmic organelles and cell nuclei of haematopoietic tissues and nostril tissue
are affected by diazinon at sublethal concentrations. Such histological damages
make fish susceptible to infectious diseases through immunophysiological

suppression.
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