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Exposure of aquatic organisms to organophosphorus pollutants is a subject of keen interest to biologists and environmental
scientists. Examining histopathological changes in the tissues of exposed animals can provide great insights to understand the
health condition of the organisms. This study examined the effects of malathion concentration and exposure time on the liver and
gill tissues of the rainbow trout (Oncorhynchus mykiss) in a laboratory condition and tried to provide a quantitative assessment for
the analysis of these effects. The experiment was conducted in three treatments including 0.025, 0.05, and 0.075mg/L of malathion
for 1, 5, and 9 days with a nonexposed group as control, in three replicates. The liver and gill samples were fixed in buffered
formalin. About 5 µ tissue sections were prepared using the conventional histological methods and stained using the
hematoxylin–eosin method. Histopathological changes in the liver and gill tissues were quantified by grading and the resulting
data were analyzed by rank-based estimation. The results showed that histopathological changes in the liver and gill tissues are
more affected by the malathion concentration than by the duration of the exposure. However, longer exposure had an intensifying
effect on the tissue damage caused by the malathion at higher concentrations. The presence of melanomacrophages as an indicator
of malathion toxicity was determined. The fish exposed to 0.075mg/L malathion for 9 days showed atrophy in the liver and gill
tissues, indicating cell death and functional inactivation. Histopathological changes in the liver and gills confirmed the dose-
dependent effect of malathion on the rainbow trout.

1. Introduction

In the absence of widely applicable biological methods of pest
control, farmers have to inevitably use pesticides to protect
their crops [1]. Many studies have reported the existence of
these toxic substances in rivers, coastal, and estuarine waters,
and even in the effluents of water treatment plants in the
different parts of the world, including Iran [1, 2].

Excessive use of pesticides for pest control in farms, for-
ests, and aquatic environments can cause extensive pollution
in water, air, and soil [3–6]. While aquatic ecosystems are not
target environment for the pesticides, the pollution caused by

these substances tends to find its way into these ecosystems,
causing genetic changes and biodiversity loss [7–10].

Malathion is an organophosphorus insecticide widely
used in many countries including Iran. Malathion has low
water solubility [9, 11] andmuch like other organophosphates
inhibit the activity of a set of enzymes, including acetylcho-
linesterase [4, 12, 13]. Malathion has different effects on the
different species of fish, which mainly depend on the fish’s
age, gender, body size, and environmental chemistry and cli-
matic conditions [14, 15].

Various studies have shown that physiological changes in
fish tend to manifest as histopathological changes in certain
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organs such as the liver and gills. Thus, these tissues can
serve as a target to evaluate the effects of xenobiotics and
other pollutants [16, 17]. However, for more scientifically
assessment of these effects, such histopathological studies
need to be based on the comparable quantitative data.

Previous studies on the effect of chemical pollutants such
as pesticides on fish have shown that the liver and gills could
be good indicators of water quality. However, histopatholog-
ical studies in this field have mostly reported their findings as
qualitative data, which makes them ill-suited for making the
precise comparisons. Malathion is one of the first and most
widely available organophosphorus pesticides, it is also used
as an agricultural pesticide which has the least toxicity dam-
age in the mammals. In this experimental–interventional
study, the goal was to examine and grade the effects of mal-
athion concentration and exposure time on the histopatho-
logical changes in rainbow trout’s liver and gill to determine
how important they (exposure time and concentration) are
for the toxicity effect and also obtain a quantitative compa-
rable measure of these effects for use in the future studies.

2. Materials and Methods

2.1. Experimental Fish and Design. Thirty-six rainbow trout
weighing 70Æ 10 g were purchased from Karaj Aquaculture
Center and transferred to the laboratory in aerated tanks.
Before starting the experiment, the fish were kept in the
laboratory for 1 week to adapt to new environment. During
this period, the fish were fed with commercial feed (Biomar
VR, EFICO YS 887F (Table 1)) at the rate of 2% of their body
weight per day. In addition, the water quality parameters
were checked during the trial. About 24 hr before the start
of the experiments, the fish were transferred to 70 L tanks
containing chlorine-free aerated water, and the feeding was
stopped. After reviewing the literatures regarding the sublethal
concentration of the malathion for rainbow trout, the 96hr
LC50 was determined to be 130μg/L [18, 19]. Accordingly, the
experiment was designedwith four treatments with the different
malathion concentrations (control, 0.025, 0.05, and 0.075mg/L)
in three replicates [5, 20]. The fish were placed in malathion-
containing water for 1, 5, and 9 days. Given the degradability
of malathion in water, it was decided not to prolong the
experiment beyond Day 9. Daily, temperature, O2, pH, and
total hardness were checked and adjusted to 18Æ 2°C,
7–7.5 ppm, 7.5–8, and 185mg/L (CaCO3), respectively. pH
and O2 were measured with a portable pH meter (model TS)
and a digital oxygen meter (model DO-5510), respectively.

During the 9 days of the experiment, the physicochemical
conditions were kept constant as much as possible so that
the pollution would be the only variable affecting the fish [21].

2.2. Histopathological Assay. At Days 1, 5, and 9 after the
start of the experiment, for histological studies, three fish
from each treatment were randomly caught and anesthetized
with clove powder solution (200 ppm) [5]. Before taking liver
and gill sample, fish were killed by a sharp blow to the head
and the middle part of the liver and second left gill arch
samples were collected and fixed in the 10% buffered forma-
lin [22, 23]. The typical tissue preparation processes includ-
ing dewatering, clearing with xylol, and soaking in paraffin
were performed in a tissue processor machine. After prepar-
ing the tissue sections, the samples were stained using the
hematoxylin–eosin staining method the resulting sections
were examined under an Olympus BX60 light microscope
with 100x magnification, and, when needed, photomicro-
graphs were taken with a digital camera (COOLPIX 950,
Nikon, China) [24].

The results of the histopathological examination of liver
and gill tissues were graded as shown in Tables 2 and 3.

TABLE 1: Analysis of the commercial feed for rainbow trout (Biomar
VR (EFICO YS 887 F)).

Analyses Composition (%)

Crude protein 39
Crude lipid 15
Crude fiber 2.5
Ash 9
Moisture 8
Digestible phosphorus 1.25

TABLE 2: Grading of histopathological changes observed in liver
tissues.

Grade of tissue damage Histopathological changes

1 Normal liver

2
Hepatocyte necrosis; hepatocyte
malformation; melanomacrophage
centers

3
Hyperemia; sinusoid necrosis;
degeneration; hepatocyte malformation

4
Bile duct necrosis; aneurysm; cholestasis;
inflammatory cell infiltration

5
Hyperemia; hepatocyte necrosis;
vacuolation; cell atrophy

TABLE 3: Grading of histopathological changes observed in gills
tissues.

Grade of tissue damage Histopathological changes

1 Normal gill

2
Distal cell hyperplasia (distal clubbing);
secondary lamellae shortening; aneurysm

3

Aneurysm; basal cell hyperplasia;
secondary lamellae epithelium protrusion;
lamellae fusion; secondary lamellae
curling

4
Secondary lamellae curling; secondary
lamellae atrophy; aneurysm; distal
clubbing

5

Secondary lamellae rupture; secondary
lamellae atrophy; secondary lamellae
shortening; aneurysm; extensive gill tissue
damage
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2.3. Data Analysis. After rating the observed liver and gill
tissue changes into five grades, the data were imported into R
software and analyzed with the R-fit package (rank-based
estimation for linear models) at the 0.05 significance level
to determine the effect of malathion concentration and expo-
sure time on tissue damage. The images showing the severity
of histopathological changes with descriptive captions were
also prepared for each treatment [25].

3. Results

There was no mortality in any of the groups during the
experiment. Histopathological examinations of the fish exposed
to malathion showed structural abnormalities in the liver tissue
(Figure 1). Liver damage was found to be significantly affected
by the concentration and concentration–exposure time, but not
by the exposure time alone. Histopathological changes observed
in the experimental groups were much different from those in
the control group and were more intense in the fish exposed to
the higher malathion concentrations.

The results of R-fit for liver tissue showed the statistical
significance of the effect of concentration and the interactive
effect of the concentration and exposure time on the liver
tissue (Table 4).

As the grading diagram for the liver tissue shows, the
highest damage was observed at concentrations of 0.05 and
0.075, which were not significantly different in this respect.
In terms of exposure time, the greatest damage was observed
after 9 days exposure (Figure 2).

As mentioned, none of the fish in any of the groups
died during the experiment. Histopathological examinations
showed structural abnormalities in the gill tissue of the
exposed fish (Figure 3). As with liver tissue, changes in gill
tissues were found to be significantly affected by the concen-
tration and concentration–exposure time, but not by the
exposure time alone. Likewise, histopathological changes of
gill tissues in the experimental groups were much different
from those in the control group and were more intense in the
fish exposed to the higher malathion concentrations.

The results of R-fit for gill tissue also showed the statisti-
cal significance of the effect of concentration and the inter-
active effect of concentration and exposure time on the gill
tissue (Table 5).

As with the liver, the ranking diagram for the gill tissue
shows the highest damage at concentrations of 0.05 and
0.075, which again are not significantly different in this
respect. In terms of exposure time, the greatest tissue damage
was again observed after 9 days of exposure (Figure 4).

4. Discussion

Based on our results, the tested doses, exposure time, and the
poison concentrations had a greater effect on the histopath-
ological lesions of the fish liver and gills.

The greatest tissue damage in both liver and gills was
observed at Day 9 of the exposure and at the highest mala-
thion concentration. The most notable pathological changes
observed in the liver tissue were hepatocyte necrosis and
malformation,melanomacrophage centers, sinusoid hyperemia,

degeneration, cholestasis, vacuolation, inflammatory cell infil-
tration, and cell atrophy.

The liver is the primary organ for metabolism, detoxifi-
cation of xenobiotics, and elimination of harmful substances
[26, 27]. Exposure to high concentrations of toxic substances
for a prolonged period can disrupt the liver’s detoxification
mechanisms, eventually causing more severe damage to the
liver tissue [28, 29]. Therefore, examining the histopatholog-
ical changes of the liver could be a highly accurate method
for determining the impacts of different toxic compounds on
fish in the field and laboratory studies [10, 30].

The fish exposed to the lowest dose (0.025mg/L) showed
melanomacrophage centers in the liver tissue, which can be
used as an indicator of toxicity and a biological marker of
exposure to the pesticide [31]. Melanomacrophages in fish
are aggregates of pigmented phagocyte cells that are respon-
sible for cleaning catabolites, natural cell wastes, and foreign
substances [32]. A change observed in the liver tissue of all
treatment groups was hepatocyte malformation. According
to Braunbeck and Völkl [33], a change in the shape and size
of nuclei is often a sign of increased metabolic activity, which
may have a pathological origin and be caused by a pollutant’s
effect on the organism; a statement that is consistent with
our results. Since hepatocyte degeneration and malformation
took place from the first day of the experiment and even
under the lowest malathion concentration, it can be inferred
that these changes are the most common effects of malathion
exposure on the liver of the fish. It can also be concluded that
even the presence of low amounts of this toxic substance in
the environment may be created some changes in the liver. In
a study on the effect of malathion on the liver of catfish
(Heteropneustes fossilis), the fish developed symptoms such
as hepatocyte swelling, hepatocyte disintegration, hepatocyte
nucleus necrosis, and pyknosis [34]. In a study that investi-
gated the effect of two sublethal concentrations of diazinon
on the liver tissue of rainbow trout, the most visible effects
were the hypertrophy of liver cells, vacuolation of the cell
cytoplasm, and cloudy swelling [35]. We also observed all of
these effects, except cloudy swelling in the rainbow trout
exposed to malathion.

Reduced bile inside the liver cells is a indicator of a
change in metabolism [36, 37]. If continued, cholestasis can
disrupt major physiological mechanisms of the liver, leading to
liver damage. In this study, cholestasis was observed at Day 5
of exposure in the fish exposed to 0.075mg/L of malathion.

Another change observed in the present study was necro-
sis, which has also been reported in many similar histopath-
ological studies of liver tissue [38, 39]. In our study, necrosis
appeared on the Ist day of the experiment and peaked on the
9th day. The necrosis and destruction of liver cells in the
tested fish are indicators of the damaging effect of malathion
on the cell wall, which triggers necrosis in the cells. This
necrosis can be attributed to various reasons, including the
inability of the fish to regenerate new liver cells or its effort to
clean the toxic substance from the body through the detoxi-
fication process [40]. In a study conducted by Banaee et al.
[41] on rainbow trout exposed to diazinon, hepatocyte
necrosis, and vacuolation took place under the lowest dose
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FIGURE 1: Histopathological changes in the liver tissue of rainbow trout exposed to malathion (hematoxylin–eosin staining, 400x magnifica-
tion). In the control group, there was no abnormal change in the histological structure of the liver (A). At the end of Day 1, the second group
(0.025mg/L), (B) showed hepatocyte malformation (a) and melanomacrophage centers (b), the third group (0.05mg/L) (C) showed sinusoid
necrosis (c), and the fourth group (0.075mg/L) (D) showed hyperemia (d) and degeneration (e). At the end of Day 5, the second group
(0.025mg/L) (E) showed hepatocyte malformation (f ) and necrosis (g), the third group (0.05mg/L) (F) showed hyperemia (h) and sinusoid
necrosis (i), and the fourth group (0.075mg/L) (G) showed cholestasis (j) and hepatocyte malformation (k). At the end of Day 9, the second
group (0.025mg/L) (H) showed inflammatory cell infiltration (l) and hyperemia (m), the third group (0.05mg/L) (I) showed vacuolation (n)
and necrosis (o), and the fourth group (0.075mg/L) (J) showed hyperemia (p) and cell atrophy (q).
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and increased with the increasing concentration, which is
fully consistent with our observations. The results of a study
where Esomus danricuswas exposed to malathion also showed
hepatocyte necrosis, vacuolation, and swelling in the fish [35].
According to Sanad et al. [42], liver cell necrosis can be caused
by the inhibition of DNA synthesis required for the liver
growth and maturation.

In this study, we observed hepatocyte vacuolation in the
fish exposed to 0.050mg/L of malathion on the 9th day of the
experiment. In the study of Sastry and Sharma [43], cyto-
plasm necrosis and vacuolation were observed in the Channa
punctatus exposed to sublethal concentrations of diazinon,
which was consistent with our results. Vacuolation of hepa-
tocytes can signify a mismatch between the rate of synthesis
of substances and the rate of their release in the hepatocyte
[37]. Rahman et al. [44] reported observing cytoplasm necro-
sis and vacuolation in the fish exposed to the lowest concen-
tration of diazinon and that the effects intensified with
increasing diazinon concentration, which is not consistent
with our observation.

In our study, atrophy in the liver tissue was observed on
the 9th day of the experiment under the highest malathion
concentration. Atrophy is an abnormal irreversible state in
which the number and volume of cells decrease because of
extensive cell death [45]. Similar to our study, the study of
Fanta et al. [36] on Corydoras paleatus exposed to organo-
phosphorus pesticide also reported observing atrophy in the
liver tissue under the highest concentration. Banaee et al.
[46] also observed hepatocyte cell atrophy in their rainbow
trout, which is completely consistent with our results.

As an organ with a large surface area that is in constant
contact with the external environment, gills tend to be the first
place affected by pollutants [47]. In this study, the prominent
tissue changes observed in the gill tissue of rainbow trout

exposed to malathion were distal cell hyperplasia, aneurysm,
necrosis, primary lamellae artery rupture, secondary lamellae
epithelium protrusion, secondary lamellae curling, secondary
lamellae shortening, secondary lamellae–epithelial separation,
and secondary lamellae fusion, and atrophy. In a study on the
histopathological effects of sublethal concentrations of mala-
thion (0.01 and 0.02mg/L) on the gills tissue of Gambozia after
10, 20, and 30 days of exposure, the observed changes included
necrosis and peeling of the secondary lamellae epithelium,
epithelium protrusion, intraepithelial edema, secondary lamel-
lae adhesion, primary lamellae hemorrhage, secondary lamel-
lae collapse, and rupture, and hypertrophy in the epithelial
cells, and the intensity of these changes was dependent on
the exposure dosage and time [47].

Epithelial hyperplasia, referring to an abnormal increase
in the number of gill epithelium cells, can directly affect
breathing, and in severe cases even prevent gas exchange
[38]. In this study, this hyperplasia appeared in all treatment
groups starting from the first day. Epithelium hyperplasia
and distal clubbing of the secondary lamellae are a defensive
reaction against toxic and harmful pollutants, as they
decrease the gill surface [47]. In our study, distal clubbing
of the secondary lamellae was observed from the very Ist day
of the experiment even in the fish exposed to the lowest
concentration of malathion. Similar changes have also been
reported in other studies conducted on the gill tissue of fish
exposed to the different pollutants [47].

Secondary lamellae epithelium protrusion disrupts gas
exchange and oxygen absorption by increasing the distance
between water and blood cells, although fish can increase their
breathing rate to compensate the reduced oxygen absorption
[48]. In our study, this change appeared in the fish exposed to
0.075mg/L of malathion starting from the Ist day of the exper-
iment and was most intense at the highest concentration.

TABLE 4: Results of rank-based estimation for linear models (R-fit) for the changes observed in the liver tissue of different groups.

p Value t Value Standard error Estimate Intercept

0.00791 2.8333 8.235377 23.333336 Concentration
0.32877 0.9917 0.064495 0.063962 Time
0.02151 2.4173 1.378962 3.333332 Concentration× time

Grade
5

4

3

2

1

0
0 0.050.025

Concentration (mg/L)
0.075

ðaÞ

Grade
6
5
4
3
2
1
0

1 5
Time (day)

9

ðbÞ
FIGURE 2: Median grade of liver damage in rainbow trout exposed to malathion: (a) for different concentrations and (b) for different exposure
times.
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FIGURE 3: Histopathological changes in the gill tissue of rainbow trout exposed to malathion (hematoxylin–eosin staining, 400x magnifica-
tion). In the control group, there was no abnormal change in the gill, including primary and secondary lamellae and chloride cells (A). At the
end of Day 1, the second group (0.025mg/L) (B) showed distal clubbing (a), the third group (0.05mg/L) (C) showed aneurysm (b), and
secondary lamellae shortening (c), and the fourth group (0.075mg/L) (D) showed secondary lamellae rupture (d) and secondary lamellae
epithelium protrusion (f ). At the end of Day 5, the second group (0.025mg/L) (E) showed lamellae fusion (g) and secondary lamellae curling
(h), the third group (0.05mg/L) (F) showed aneurysm (i) and secondary lamellae curling (j), and the fourth group (0.075mg/L) (G) showed
secondary lamellae epithelium protrusion (l) and distal clubbing (k). At the end of Day 9, the second group (0.025mg/L) (H) showed
aneurysm (m) and secondary lamellae epithelium protrusion (n), the third group (0.05mg/L) (I) showed secondary lamellae rupture (o) and
primary lamellae artery rupture (p), and the fourth group (0.075mg/L) (J) showed hyperemia and secondary lamellae atrophy (q) and
secondary lamellae shortening and secondary lamellae–epithelial separation (r).
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Histopathological examination of the gills of the fish exposed
to the highest concentration of malathion (0.075mg/L) on the
9th day of the experiment showed atrophy or in other words
the destruction of the gills tissue.

5. Conclusion

In this study, the intensity of structural changes and damage
in the liver and gills tissues of rainbow trout exposed to
malathion was found to increase with the increase in mala-
thion concentration and exposure time. The results showed
that malathion harms hematopoietic and melanomacroph-
age centers that are present in different organs of fish, espe-
cially the liver. Histopathological examinations of the effect
of this insecticide also showed that it can cause tissue damage
in the liver and gills even at the lowest concentration. Over-
all, the results confirmed the dose-dependent adverse effects
of this toxic compound on the liver and gills. Therefore,
histopathological changes in the liver and gills of fish can
serve as a good biomarker for measuring the pollution of fish
breeding ponds or natural environments such as rivers.

Data Availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding authors
on reasonable request.

Ethical Approval

All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.
All experiments were performed following the protocol
approved by the committee of ethics of the Baharavaran

Nastaran Agricultural Applied Scientific Training Center,
Applied Scientific University, Qom, Iran (1074; 2022).

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] S. Bharti and F. Rasool, “Analysis of the biochemical and
histopathological impact of a mild dose of commercial malathion
on Channa punctatus (Bloch) fish,” Toxicology Reports, vol. 8,
pp. 443–455, 2021.

[2] R. Arjmandi, M. Tavakol, and M. Shayeghi, “Determination of
organophosphorus insecticide residues in the rice paddies,”
International Journal of Environmental Science and Technol-
ogy, vol. 7, no. 1, pp. 175–182, 2010.

[3] S. A. A. Hedayati, H. G. Farsani, S. S. Naserabad, and
M. H. Gerami, “Acute toxicity and behavioral changes associated
with diazinon in Rutilus rutilus caspicus and Hypophthalmicthys
molitrix,” Iranian Journal of Toxicology, vol. 9, no. 30, pp. 1354–
1359, 2015.

[4] S. Deka and R. Mahanta, “Malathion toxicity on fish—a
review,” International Journal of Current Research, vol. 8,
no. 12, pp. 44120–44128, 2016.

[5] H. Poorbagher, H. G. Farsani, and H. Farahmand, “A method
to quantify genotoxicity of malathion in rainbow trout using
the weighted averaging,” Toxicology Mechanisms and Methods,
vol. 28, no. 8, pp. 607–614, 2018.

[6] M. Raeeszadeh, P. Karimi, N. Khademi, and P. Mortazavi,
“The effect of broccoli extract in arsenic-induced experimental
poisoning on the hematological, biochemical, and electropho-
retic parameters of the liver and kidney of rats,” Evidence-
Based Complementary and Alternative Medicine, vol. 2022,
Article ID 3509706, 9 pages, 2022.

[7] S. Saha, A. V. Chukwuka, D. Mukherjee et al., “Chronic effects
of Diazinon® exposures using integrated biomarker responses

TABLE 5: Results of rank-based estimation for linear models (R-fit) for the changes observed in the gill tissue of different groups.

p Value t Value Standard error Estimate Intercept

8.998e-09 7.6954 3.0321e+ 00 23.3333e+ 01 Concentration
1 0.0000 2.3746e02 4.8502e-07 Time
2.134e-07 6.5654 5.0771e-01 3.33333e+ 00 Concentration× time

Grade
5

4

3

2

1

0
0 0.050.025

Concentration (mg/L)
0.075

ðaÞ

Grade
5

4

3

2

1

0
1 5

Time (day)
9

ðbÞ
FIGURE 4: Median grade of gill damage in rainbow trout exposed to malathion: (a) for different concentrations and (b) for different exposure
times.

Aquaculture Research 7



in freshwater walking catfish, Clarias batrachus,” Applied
Sciences, vol. 11, no. 22, Article ID 10902, 2021.

[8] A. Stara, M. Pagano, M. Albano et al., “Effects of long-term
exposure of Mytilus galloprovincialis to thiacloprid: a multi-
biomarker approach,” Environmental Pollution, vol. 289,
Article ID 117892, 2021.

[9] P. Suchiang, “A review on toxicity of pesticides in catfishes:
reproductive, haematological and biochemical aspects,”Annual
Research & Review in Biology, vol. 36, no. 9, pp. 47–59, 2021.

[10] M. Raeeszadeh, M. Fallah, and E. S. Naghani, “The comparison
of the effect of origanum vulgar aqueous extract and vitamin C
on the control of cadmium chloride damage in testicular tissue
in male rats,” Journal of Babol University of Medical Sciences,
vol. 20, no. 8, pp. 44–50, 2018.

[11] M. Svoboda, V. Lusková, J. Drastichová, and V. Žlábek, “The
effect of diazinon on haematological indices of common carp
(Cyprinus carpio L.),” Acta Veterinaria Brno, vol. 70, no. 4,
pp. 457–465, 2001.

[12] B. Ansari, M. Aslam, and K. Kumar, “Diazinon toxicity:
activities of acetylcholinesterase and phosphatases in the
nervous tissue of zebra fish, Brachydanio rerio (Cyprinidae),”
Acta Hydrochimica et Hydrobiologica, vol. 15, no. 3, pp. 301–
306, 1987.

[13] M. Qaderi Forough, M. Raeeszadeh, and A. Amiri, “Dose-
response changes of Brassica oleracea var. Italica hydroal-
cholic extract in the control of oxidative stress by induction of
diazinon on the cells of testicular tissue in male adult rat,”
Journal of Rafsanjan University of Medical Sciences, vol. 16,
no. 7, pp. 593–604, 2017.

[14] D. Guo, W. Liu, T. Yao et al., “Combined endocrine disruptive
toxicity of malathion and cypermethrin to gene transcription
and hormones of the HPG axis of male zebrafish (Danio
rerio),” Chemosphere, vol. 267, Article ID 128864, 2021.

[15] S. Ince, D. Arslan-Acaroz, H. H. Demirel et al., “Taurine
alleviates malathion induced lipid peroxidation, oxidative
stress, and proinflammatory cytokine gene expressions in
rats,” Biomedicine & Pharmacotherapy, vol. 96, pp. 263–268,
2017.

[16] M. Khabbazi, M. Harsij, A. Hedayati, and M. H. Gerami,
“Histopathology of rainbow trout gills after exposure to
copper,” Iranian Journal of Ichthyology, vol. 1, no. 3, pp. 191–
196, 2014.

[17] A. M. Yalsuyi, A. Hajimoradloo, R. Ghorbani, V.-A. Jafari,
M. D. Prokić, and C. Faggio, “Behavior evaluation of rainbow
trout (Oncorhynchusmykiss) following temperature and ammonia
alterations,” Environmental Toxicology and Pharmacology, vol. 86,
Article ID 103648, 2021.

[18] S. Raimondo, C. R. Jackson, and M. G. Barron, “Influence of
taxonomic relatedness and chemical mode of action in acute
interspecies estimation models for aquatic species,” Environ-
mental Science & Technology, vol. 44, no. 19, pp. 7711–7716,
2010.

[19] W. Specifications, Evaluations for Public Health Pesticides:
Malathion, World Health Organization, 2003.

[20] H. G. Farsani, S. A. Hedayati, N. Z. N. Bin, S. Azizpour, and
S. S. Naserabad, “Effects of sub lethal concentrations of
pesticide malathion on hematology parameters of rainbow
trout (Oncorhynchus mukiss),” Journal of Oceanography, vol. 7,
no. 27, pp. 1–9, 2016.

[21] R. T. Di Giulio and D. E. Hinton, The Toxicology of Fishes, Crc
Press, 2008.

[22] H. Ghafarifarsani, A. Imani, T. A. Niewold, C. Pietsch-Schmied,
and K. S. Moghanlou, “Synergistic toxicity of dietary aflatoxin

B1 (AFB1) and zearalenone (ZEN) in rainbow trout (Oncor-
hynchus mykiss) is attenuated by anabolic effects,” Aquaculture,
vol. 541, Article ID 736793, 2021.

[23] M. M. Naderi, A. Sarvari, A. Milanifar, S. B. Boroujeni, and
M. M. Akhondi, “Regulations and ethical considerations in
animal experiments: international laws and islamic perspec-
tives,” Avicenna Journal of Medical Biotechnology, vol. 4,
no. 3, pp. 114–20, 2012.

[24] F. Ganji and M. Arvand, Histology Practical, University of
Medical Sciences and Health Services Mashhad, 2002.

[25] J. D. Kloke and J. W. McKean, “Rfit: rank-based estimation for
linear models,” The R Journal, vol. 4, no. 2, Article ID 57, 2012.

[26] J. Bruslé and G. G. i Anadon, “The Structure and Function of
Fish Liver,” in Fish Morphology, pp. 77–93, Routledge, 2017.

[27] M. Raeeszadeh, M. Moradi, P. Ayar, and A. Akbari, “The
antioxidant effect of Medicago sativa L. (alfalfa) ethanolic
extract against mercury chloride (HgCl2) toxicity in rat liver
and kidney: an in vitro and in vivo study,” Evidence-Based
Complementary and Alternative Medicine, vol. 2021, Article ID
8388002, 10 pages, 2021.

[28] C. Fouzai, W. Trabelsi, S. Bejaoui et al., “Cellular toxicity
mechanisms of lambdacyhalothrin inVenus verrucosa as revealed
by fatty acid composition, redox status and histopathological
changes,” Ecological Indicators, vol. 108, Article ID 105690, 2020.

[29] M. F. Khan, S. Tabassum, H. Sadique et al., “Hematological,
biochemical and histopathological alterations in common carp
during acute toxicity of endosulfan,” International Journal of
Agriculture and Biology, vol. 22, no. 4, pp. 703–709, 2019.

[30] A. Figueiredo-Fernandes, J. V. Ferreira-Cardoso, S. Garcia-
Santos et al., “Histopathological changes in liver and gill
epithelium of Nile tilapia, Oreochromis niloticus, exposed to
waterborne copper,” Pesquisa Veterinária Brasileira, vol. 27,
no. 3, pp. 103–109, 2007.

[31] M. Pacheco and M. A. Santos, “Biotransformation, genotoxic,
and histopathological effects of environmental contaminants
in European eel (Anguilla anguilla L.),” Ecotoxicology and
Environmental Safety, vol. 53, no. 3, pp. 331–347, 2002.

[32] F. M. Akaishi, H. C. Silva de Assis, S. C. G. Jakobi et al.,
“Morphological and neurotoxicological findings in tropical
freshwater fish (Astyanax sp.) after waterborne and acute
exposure to water soluble fraction (WSF) of crude oil,”
Archives of Environmental Contamination and Toxicology,
vol. 46, no. 2, pp. 244–253, 2004.

[33] T. Braunbeck and A. Völkl, “Toxicant-induced cytological
alterations in fish liver as biomarkers of environmental
pollution? A case study on hepatocellular effects of dinitro-o-cresol
in golden ide (Leuciscus idus melanotus),” Fish Ecotoxicology and
Ecophysiology, pp. 55–80, 1993.

[34] M. P. Khan, “Effects of profenofos, an organophosphate
pesticide, on the hematological parameters of Nile tilapia
(Oreochromis niloticus),” M.S. thesis, 2020.

[35] A. Mirvaghefi, H. Farahmand, G. Rafiee, and M. Banaee,
“Biochemical characteristics of blood and histopathological
study of experimental diazinon poisoning in common carp
(Cyprinus carpio),” Journal of Fisheries, vol. 65, no. 2, pp. 119–
133, 2012.

[36] E. Fanta, F. S. A. Rios, S. Romão, A. C. C. Vianna, and
S. Freiberger, “Histopathology of the fish Corydoras paleatus
contaminated with sublethal levels of organophosphorus in
water and food,” Ecotoxicology and Environmental Safety,
vol. 54, no. 2, pp. 119–130, 2003.

[37] S. Ullah, Z. Li, Z. Hasan, S. U. Khan, and S. Fahad, “Malathion
induced oxidative stress leads to histopathological and

8 Aquaculture Research



biochemical toxicity in the liver of rohu (Labeo rohita, Hamilton)
at acute concentration,” Ecotoxicology and Environmental Safety,
vol. 161, pp. 270–280, 2018.

[38] M. Rahbar, M. Sattari, H. A. Noverian, M. Ahmadnezhad,
H. Khara, and R. Safari, “Biochemical and histopathological
alterations in Persian sturgeon, Acipenser persicus exposed to
malathion,” Toxin Reviews, vol. 40, no. 4, pp. 1383–1395,
2021.

[39] L. B. Maxwell and H. M. Dutta, “Diazinon-induced endocrine
disruption in bluegill sunfish, Lepomis macrochirus,” Ecotoxi-
cology and Environmental Safety, vol. 60, no. 1, pp. 21–27,
2005.

[40] M. A. Ogundiran, F. Olatunde, A. Solomon, and T. Ayandiran,
“Toxicological impact of detergent effluent on juvenile of
African catfish (Clarias gariepinus) (Buchell 1822),”Agriculture
and Biology Journal of North America, vol. 1, no. 3, pp. 330–
342, 2010.

[41] M. Banaee, A. Sureda, A. R. Mirvagefei, and K. Ahmadi,
“Histopathological alterations induced by diazinon in rainbow
trout (Oncorhynchus mykiss),” International Journal of
Environmental Research, vol. 7, no. 3, pp. 735–744, 2013.

[42] S. M. Sanad, E. M. El-Nahass, A. M. A. Gawad, and A. M. Al-
Deeb, “Histochemical studies on the liver of mice following
chronic administration of sodium barbitone,” Journal-Egyptian
German Society of Zoology, vol. 22, pp. 127–166, 1997.

[43] K. V. Sastry and K. Sharma, “Diazinon-induced hematological
changes in Ophiocephalus (Channa) punctatus,” Ecotoxicology
and Environmental Safety, vol. 5, no. 2, pp. 171–176, 1981.

[44] M. Z. Rahman, Z. Hossain, M. F. A. Mollah, and G. U. Ahmed,
“Effect of Diazinon 60 EC on Anabas testudineus, Channa
punctatus and Barbodes gonionotus,” 2002.

[45] A. T. Ibrahim, “Biochemical and histopathological response of
Oreochromis niloticus to malathion hepatotoxicity,” Journal of
Royal Science, vol. 1, no. 1, pp. 10–15, 2019.

[46] M. Banaee, A. Sureda, A. R. Mirvaghefi, and K. Ahmadi,
“Biochemical and histological changes in the liver tissue of
rainbow trout (Oncorhynchus mykiss) exposed to sub-lethal
concentrations of diazinon,” Fish Physiology and Biochemistry,
vol. 39, no. 3, pp. 489–501, 2013.

[47] M. A. Hassan, S. T. Hozien, M. M. Abdel Wahab, and
A. M. Hassan, “Ameliorative effect of selenium yeast supplemen-
tation on the physio-pathological impacts of chronic exposure to
glyphosate and or malathion in Oreochromis niloticus,” BMC
Veterinary Research, vol. 18, no. 1, Article ID 159, 2022.

[48] M. N. Fernandes, “Environmental pollution and fish gill
morphology,” Fish Adaptation, pp. 203–231, 2003.

Aquaculture Research 9




