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Abstract 

The purpose of this study was to determine the 

lethal concentration (LC50-96 h) of malachite 

green on rainbow trout and also the histology 

effects of this substance on the liver, gills and 

kidney. With increasing concentrations of 

malachite green, rainbow trout mortality 

increased during the period of 24 to 96 hours. 

Twenty four hour lethal concentration (LC50-24 

h) of malachite green on O. mykiss is 32.28 mg 

L-1. Forty eight hour lethal concentration (LC50-

48 h) of malachite green is 16.32 mg L-1, and 

72-hour lethal concentration (LC50-72 h) of 

malachite green is 2.52 mg L-1. All lethal 

concentrations at 72 hours showed a clear 

reduction compared to 24 and 48 hours. The 

median lethal concentration of malachite green 

(LC50-96 h) of rainbow trout was 0.83 mg L-1 

during four consecutive days (96 hours).  

*Corresponding author’s email: 

saba.hoseyny@gmail.com. 

On the other hand, malachite green showed 

destructive effects on liver, gills and kidney 

tissue of rainbow trout, and these changes were 

more intense with increasing concentration of 

malachite green. Therefore, due to the grading 

of toxicity is determined by the amount of LC50-

96 h and also observing tissue effects exposed 

to this substance, the malachite green is 

considered highly toxic to rainbow trout. For 

this reason, there are always concerns about the 

possibility of its transmission to consumers or 

humans; therefore, regarding to this matter that 

using this substance in the fish farms has been 

prohibited by Iran Veterinary Organization, it is 

necessary to remove malachite green from the 

list of drugs used in fish breeding and provide 

the other safe drugs. 

Keywords: Malachite Green, Median Lethal 

Concentration, Histopathology, Oncorhynchus 

mykiss 
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Introduction 

There is no doubt that the disease is a first-class 

problem that affects the economic and long-

term sustainability of the aquaculture industry; 

therefore, if the fish farming industry wants to 

continue its growth and dynamism, they should 

pay special attention to disease control 

(D’Agaro et al., 2022, Maldonado-Miranda et 

al., 2022, Easwaran et al., 2022). The basis of 

proper management is the proper use of 

chemicals to reduce or eliminate pathogens. 

Chemicals, drugs and agents that inhibit the 

growth of microbes and fungi are substances 

that are used more every day to repel pathogens, 

as a result of which their effects and 

consequences also increase in the long term 

(Hajam et al., 2022, Gatlin III and Yamamoto, 

2022). Following the transfer of these 

chemicals to aquatic environments, some of 

these substances are absorbed by their bodies 

through water and the living environment of 

aquatic animals and enter the human food chain 

by depositing in their body tissues and in the 

future, it will cause failure in the metabolism of 

the human body and other organisms dependent 

on the water ecosystem (Gatlin III and 

Yamamoto, 2022). 

During the past years (since 1936), 

malachite green has been used as an effective 

disinfectant to control and treat fungal diseases, 

skin diseases, protozoal and parasitic infections 

in tropical and subtropical fish (Hidayah et al., 

2013, Jiang et al., 2015). The importance of 

malachite green reached its peak when it was 

recognized as a controller of Volgania sapper 

fungus (Sudova et al., 2007) and also salmon 

kidney infections. It should be noted that in 

2000, due to reports of carcinogenic, mutagenic 

and teratogenic effects, the use of this substance 

as a drug in the aquaculture industry was 

banned by the US Food and Drug 

Administration (FDA) (Dong et al., 2014). 

Also, in some countries, aquatic animals should 

not be caught and consumed for at least 6 

months after consuming malachite green. In 

Iran, the use of malachite green is prohibited in 

all stages of reproduction and breeding of 

aquatic animals. Unfortunately, reasons such as 

ease of access and low price have caused this 

substance to continue to be used illegally in the 

aquaculture industry (Sudova et al., 2007, 

Alderman, 1985). This issue requires strict and 

decisive supervision of the relevant 

organizations; because malachite green is very 

toxic and its residues cause respiratory 

poisoning, mutation and carcinogenesis in 

aquatic animals due to long-term persistence in 

aquatic body tissues like liver, gill and kidney 

(Jiang et al., 2009, El-Neweshy and Srag, 

2011a) . 

Studies have shown that the main and most 

objective effect of malachite green in fish and 

aquaculture is the effects of this substance in 

inhibiting the mitochondrial thiol-containing 

respiratory enzyme, which is why it is referred 

to as a respiratory poison that causes 

respiratory disorders and suffocation 

(Aerssens et al., 2022). Therefore, it is 

expected that after chronic exposure to 

malachite green, serious damage will be done 

to the gill tissue of fish. Liver and kidney are 
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the chief metabolic and detoxification organs 

in vertebrates and they are highly susceptible 

to metabolic disturbances and a variety of 

toxicants to which the animal is exposed 

(Farhadian et al., 2022). Results of controlled 

exposure of fishes in the laboratory to 

toxicants such as pesticides and related 

chemicals suggest that liver is the organ in 

which the highest residues of such toxicants 

accumulate and it is this organ that suffers the 

greatest damage among other organs. So, fish 

is concerned as an appropriate animal to assess 

aquatic toxicity because of its ecological and 

economic importance and many species of fish 

are used for toxicity studies (Bhagat et al., 

2021, Jolly et al., 2022, Töre et al., 2021) 

Selecting a species for these experiments 

depends on the availability of species, ease of 

breeding and ease of transportation (Embry et 

al., 2010). Rainbow trout, Oncorhynchus 

mykiss, is used as a model in this study (Hardy, 

2002, Cho and Cowey, 2017). 

This study aimed to determine the lethal 

concentration of malachite green (LC50 96h) on 

rainbow trout and investigate histopathological 

effects on vital tissues such as liver, gills and 

kidney. 

Materials and Methods 

The experiment done in Shahid Motahary Cold 

Water Fishes Genetic and Breeding Research 

Center, Yasooj, Iran for this purpose, fifty O. 

mykiss are kept in the tanks for a week to adapt 

to the environmental conditions. The proper 

aeration and feeding (daily 2% of body weight) 

were conducted during this period.  

The primary test was performed for finding 

the range of fatal of malachite green on O. 

mykiss, that the lethality of malachite green was 

obtained between 0.1 - 100 mg L-1 on this 

species. Acute toxicity test was carried out by 

using a stationary (static) technique and based 

on the standard instruction of the Organization 

of Economic Cooperation and Development 

(OECD) (TRC, 1984) on the O. mykiss for 96 

hours (Van Heerden and Steyn, 1995).  

Feeding of the fish was stopped 24 hours 

before the beginning of the acute toxicity test to 

obtain stable conditions (Banaei et al., 2008;  

Belanger et al., 2010).Water physicochemical 

parameters including pH (using a digital pH meter 

by the company HI-98128, Hanna), dissolved 

oxygen (oxygen meter by the HI-3810, Hanna) 

and temperature were recorded daily (Table 1).  

Table 1. The amounts of physicochemical parameters of water used during the experiment 

Amount Parameter 

11.25 ± 0.82 Temperature (° C) 

7.60 ± 0.46 pH 

6.80± 0.87 Oxygen (mg L-1) 
 

After determination of the lethal range, the 

final acute toxicity test of malachite green on O. 

mykiss was performed in four treatments 

(concentrations of 0.1, 1, 10 and 100 mg L-1 and 

control group). In each treatment, thirty fish 

were placed into a 60-liter aquarium that had 

already been aerated. Dead fish were collected 

from the aquariums as soon as being seen and 

the mortality was recorded at 24 h, 48 h, 72 h 

and 96 h. After the completion of the test, acute 
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toxicity test data were analyzed by using the 

Statistical Analysis Probit Method with a 95 

percent confidence level. 

To do histopathology tests, samples from 

the liver, gills and kidney of rainbow trout were 

prepared. First, the samples were fixed in 10% 

buffer formalin for a week and then were 

transferred to 70% ethanol. Other conventional 

procedures for histological examination were 

conducted using Histokinette (Tissue Tek 

Rotary, RX-11B, Japan). Then, the samples 

were moulded using Lockhart templates. 

Trimming was done by rotary microtome 

(Model Leica-2245) and five micrometer 

sections were prepared. The slides were stained 

with hematoxylin and eosin and analyzes were 

done using an optical microscope (Olympus) 

with different magnifications. Proper images 

were prepared and saved by a camera mounted 

on the microscope (Dinolight Digital 

Microscope) and the computer system 

connected to the camera is equipped with Dino 

Capture Software. Finally, the results of 

pathology and histopathological changes in 

tissues were evaluated (Srivastava et al., 2004). 

Results  

Toxicity test 

During the experiment, physicochemical 

parameters such as pH, temperature and 

dissolved oxygen were measured and recorded 

daily (Table 1). The lethality of malachite green 

is estimated at 0.1 - 100 mg L-1 on O. mykiss. 

Rainbow trout mortality is enhanced with 

increasing concentrations of malachite green 

during 24 to 96 hours. After determining the 

lethality of malachite green in O. mykiss, an 

acute toxicity test (LC50) was carried out at five 

different concentrations (control, 0.1, 1, 10, 100 

mg L-1) and the results of mortalities were 

measured during times of 24, 48, 72 and 96 

hours (Table 2). 

Table 2. Mortality of O. mykiss in acute toxicity test of malachite green (number of fish in each treatment = 30) 

96-hour 72-hour 48-hour 24-hour Concentration (mg L-1) 

1 

15 

26 

29 

30 

1 

12 

22 

25 

30 

0 

9 

18 

23 

27 

0 

7 

16 

19 

24 

Control 

0.1 

1 

10 

100 
 

After 24 hours, the number of mortality was 

achieved at concentrations of 0, 0.1, 1, 10 and 

100 mg L-1 at 0, 7, 16, 19 and twenty four hours, 

respectively. Based on these results, lethal 

concentration (LC50-24 h) of malachite green on 

O. mykiss (32.28 mg L-1) was obtained during 24 

hours (Table 3).  Accordingly, the 48-hour lethal 

concentration (LC50-48 h) of malachite green is 

16.32 mg L-1, which the amount of LC50-48 h 

reduced compared with LC50-24 h (32.28 mg L-

1). Other amounts of LC (LC50-48 h) are 

presented in Table 4. After seventy two hours, 

the number of mortality reached 1, 12, 22, 25 and 

30 at concentrations of 0, 0.1, 1, 10 and 100 mg 

L-1, respectively. Accordingly, the 72-hour lethal 

concentration (LC50-72 h) of malachite green is 

2.52 mg L-1. As seen, all lethal concentrations at 

72 hours compared to 24 and 48 hours show a 

significant reduction. Other amounts of LC 

(LC50-72 h) are presented in Table 5. 
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Table 3. Lethal concentration (LC50-95) of malachite green on O. mykiss during 24 hours 

LC-24 h Lethal concentration 

LC5 -87.02 

LC10 -60.67 

LC20 -28.76 

LC30 -5.75 

LC40 13.90 

LC50 32.28 

LC60 50.65 

LC70 70.31 

LC80 93.32 

LC90 125.23 

LC95 151.58 
  

Table 4. Lethal concentration (LC50-95) of malachite green on O. mykiss during 48 hours 

LC-48 h Lethal concentration 

LC5 -78.92 

LC10 -57.88 

LC20 -32.41 

LC30 -14.04 

LC40 1.65 

LC50 16.32 

LC60 30.99 

LC70 46.68 

LC80 65.05 

LC90 90.52 

LC95 111.56 
 

Table 5. Lethal concentration (LC50-95) of malachite green on O. mykiss during 72 hours 

LC-72 h Lethal concentration 

LC5 -8.78 

LC10 -6.28 

LC20 -3.25 

LC30 -1.07 

LC40 0.78 

LC50 2.52 

LC60 4.26 

LC70 6.13 

LC80 8.31 

LC90 11.33 

LC95 13.83 
 

After 96 hours, the number of mortality was 

achieved at 1, 15, 26, 29 and 30 at concentrations 

of 0, 0.1, 1, 10 and 100 mg L-1, respectively. 

Ninety six hour lethal concentration (LC50-96 h) 

of malachite green is 0.83 mg L-1. Other amounts 

of LC (LC50-96 h) are presented in Table 6. 

Table 6. Lethal concentration (LC50-95) of malachite green on O. mykiss during 96 hours 

LC-96 h Lethal concentration 

LC5 -5.81 

LC10 -4.34 

LC20 -2.56 

LC30 -1.28 

LC40 -0.19 

LC50 0.83 

LC60 1.86 

LC70 2.95 

LC80 4.23 

LC90 6.01 

LC95 7.48 
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The equation of the line is y = - 0.4496 x 

+ 39.985, by establishing a correlation 

between the times of 24, 48, 72 and 96 h of 

exposure to malachite green and the LC50 

mentioned in times. This equation can obtain 

the LC50 levels during different times because, 

in this equation, the R2 is high and equal to 

91% (Figure 1). 

 

 

 

 

 

 

 

 

Figure 1. The graph of the relationship between times of exposure and different concentrations of malachite green. 

Histopathology 

Liver 

In samples taken from the fish livers of the 

control group, histopathological lesions were 

not observed and had a normal liver structure. 

Hepatocytes with pink grainy cytoplasm and 

the central circular nucleus were multi-level 

cells that were consecutively lined from the 

center to the circumference of the lobule and 

created the liver plates. Sinusoids are irregular 

capillaries with vast space that continues from 

the center to the circumference in the form of 

bands between the cell plates and in their wall. 

In addition to the normal endothelial cells, 

there were a number of Kupffer cells that are 

responsible for blood purification. Disse space 

that separates the epithelium of the liver 

(hepatocytes) from the sinusoidal endothelium 

was also seen (Figure 2). 

Various histopathological lesions in the liver 

of rainbow trout were observed at different 

concentrations of malachite green. Lesions such 

as bleeding and dilation of disse space were 

observed in the treatment of malachite green at a 

concentration of 0.1. Also in treatment 1, in 

addition to the mentioned lesions at 

concentrations of 0.1, lesions such as 

vacuolation and necrosis were observed. By 

increasing the concentration of malachite green 

to 10, lesions such as hyperemia and hemorrhage 

were observed with greater intensity, in addition, 

in treatment 100 also lesions such as vacuolation 

and lateral position of hepatocytes nucleus, were 

the most obvious lesions in the liver. 
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Figure 2. Tissue structure of rainbow trout normal liver in the control group (*). Sinusoid (red arrow), hepatocytes (cut red 

arrow) (H & E × 725). Optical microscopic images of liver tissue of rainbow trout exposed to malachite green at concentrations 

of 1: 0.1, 2:1, 3: 10 and 4: 100. Necrosis of liver cells (white arrow), dilation of space disse (black arrow), hemorrhage (cut 

black arrow), vacuolation (curved black arrow), the lateral position of hepatocytes nucleus (curved white arrow) (H & E × 725).

Gills 

In samples taken from fish gills of the control 

group histopathological lesions were not 

observed and gills had a normal structure. 

Gill filaments were placed perpendicular to 

the gill arch and lamellae were observed 

perpendicular to the filaments (Figure 3). 

Various histopathological lesions were 

observed in the gills of rainbow trout exposed 

to different concentrations of malachite 

1 2 

3 4 
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green. The bulge of epithelium from the 

basement membrane, creating of edmatose 

space and clubbing of the end of lamellae 

were observed as the first changes in 

treatment 0.1. In addition to mentioned 

lesions, hyperplasia and vascular dilation 

were also visible in treatment 1. Mentioned 

lesions were observed with more intensity by 

increasing the concentration of malachite 

green to 10 and 100. 

 

 

 

  

Figure 3. Normal structure of rainbow trout gills in the control group (*). The first gill filaments (red arrow), lamellae (red 

two heads arrow) (H & E × 725). Optical microscopic images of gills tissue of rainbow trout exposed to malachite green at 

concentrations of 1: 0.1, 2: 1, 3: 10 and 4: 100. The bulge of epithelium from the basement membrane and creating of edmatose 

space (cut black arrow), clubbing the end of lamellae (black arrow), hyperplasia (curved black arrow), vascular dilation (white 

arrow) (H & E × 725). 

4 

1 2 

* 
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Kidney 

In samples taken from fish kidneys of the control 

group no histopathological lesions were 

observed and the structure of the kidney was 

normal. Renal corpuscle and urinary tubes with 

normal structures are placed among the 

connective tissue (Figure 4). Histopathological 

lesions in renal tissue of rainbow trout were 

observed at different concentrations of malachite 

green. 

 

  
  

  
Figure 4. The structure of normal kidney tissue of rainbow trout in the control group (*). Renal corpuscle (red arrow), urinary 

tubes (cut red arrow) (H & E × 725). Optical microscopic images of kidney tissue of rainbow trout exposed to malachite green 

at concentrations of 1: 0.1, 2:1, 3: 10 and 4: 100. Melanomacrophage aggregations (black arrow), separation of the epithelium 

from the basement membrane (cut black arrow), renal tubular necrosis (curved black arrow), vacuolation (white arrow), 

hemorrhage (yellow arrow) (H & E × 725). 

1 2 

* 

4 3 
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Melanomacrophage aggregations, separation of 

the epithelium from the basement membrane, 

renal tubular necrosis and vacuolation are such 

lesions in the concentration of 0.1 malachite 

green. At higher concentrations of malachite 

green such as 1, 10 and 100 these lesions were 

visible with more intensity. In other words, by 

increasing the concentration of malachite green, 

the intensity of these changes also expands. 

Discussion  

It is important that appropriate medications use 

to control fungal diseases, in addition to having 

optimum performance, also have minimal toxic 

effects (Garg et al., 2020). Although malachite 

green has carcinogenic properties and its use is 

limited in some countries because of 

carcinogenesis and some environmental effects 

(Anokhina et al., 2021, Sun et al., 2021) but it 

has always been used by reproduction centers 

of fish, especially in Iran due to favorable 

impact in the prevention and treatment of 

fungal diseases (Alaboudi, 2022, Shahrani et 

al., 2021).  

In this study, the toxicity of malachite green 

toxin along with its effect on clinical behaviors 

and tissue changes of O. mykiss were studied. 

During the 96 hours of all acute toxicity tests, 

except for 72 hours and 96 hours, no losses 

were observed in the control group. All 

chemical factors including pH, EC and 

hardness were suitable and controlled. The 

values of these factors did not change in any of 

the experiments due to the addition of malachite 

green to water. As the level of malachite green 

increased, rainbow trout mortality increased 

over the 24 - 96-hour period. Twenty four hour 

lethal concentration (LC50-24 h) of malachite 

green on O. mykiss is 32.28mg L-1. Fourty eight 

hour lethal concentration (LC50-48 h) of 

malachite green is 16.32 mg L-1, as can be seen, 

the LC50-48 h decreased in comparison with the 

LC50-24 h. Seventy two hour lethal 

concentration (LC50-72 h) of malachite green is 

2.52 mg L-1. All lethal concentrations at 72 

hours showed a significant reduction compared 

to 24 and 48 hours. The median lethal 

concentration of malachite green (LC50-96 h) of 

O. mykiss was 0.83 mg L-1 during four 

consecutive days (96 hours). Due to the 

classification of toxicity which is determined 

by the amount of 96 h LC50, malachite green is 

considered very toxic to O. mykiss. Moreover, 

in some cases, the accumulation of toxins in the 

tissues of fish can also increase the harmful 

impact on the fish body and within 96 hours of 

experiment leads to decreasing of LC50. 

According to Table 6, the lethal concentration 

of malachite green was 0.83 during four 

consecutive days (96 hours) at 50% (LC50-96 

h). Considering that, the toxicity of materials is 

determined by using the LC50-96 h. in this case, 

the toxicity of malachite green is too much for 

O. mykiss (Perez-Estrada et al., 2008). 

Srivastava et al (1995) investigated the 

toxicity of malachite green on Heteropneustes 

fossilis, which is often used in fish farming. 

Exposure to malachite green at a concentration 

of 0.20 mg L-1 (15 th LC50 96) for 96 h 

significantly decreased the biochemical 

parameters of fish blood serum. Short-term 

exposure (10-20 days) to subacute levels of 

0.10 mg L-1 (110 th of 96-hour LC50) and 
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sublethal levels of 0.05 mg L-1 (120 th of 96-

hour LC50) of malachite green also resulted in 

significant reductions. These changes are 

caused by the exposure of the fish and causing 

stress and, as a result, damage to the internal 

organs. 

Some toxins (such as malachite green and 

cyanide) cause clinical symptoms of respiratory 

failure by influencing on the cellular level of 

the respiratory system. In some cases, which 

toxins cause gill damage, oxygenating the water 

causes a decrease in respiratory failure, but it 

does not help when the gill damage is at the 

cellular level. (Krogdahl et al., 2022, Barot and 

Bahadur, 2013, Roberts and Palmeiro, 2008, 

Southgate and Branson, 2001). Pathological 

symptoms due to low water quality or gill 

parasites have intensified the impact of 

pesticides and made it difficult to diagnose 

(Krogdahl et al., 2022). When the fish are 

exposed to a constant concentration of the toxin 

over time, fish resistance is reduced and there is 

more opportunity to influence of toxin. 

Moreover, in some cases, the accumulation of 

toxins in the tissues of fish can also increase the 

harmful impact on the fish body and within 96 

hours of experiment leads to decreasing of 

LC50. 0.01 LC50-96 h is recommended as a safe 

and secure level for aquatic animals which is 

equal to 0.008 mg L-1 in this study (Alderman 

and Clifton‐Hadley, 1993).  

Malachite green is toxic to the liver and is 

very stable that remains in the tissues for a long 

time (Sun et al., 2021). Also using it in the eggs 

leads to widespread deformities (congenital 

defects). Also, it leads to the incidence of 

extensive defects (birth defects) in eggs at the 

time of consumption (Sinha et al., 2021a, 

Pipoyan et al., 2020). It is a good anti-fungal 

and anti-ectoparasites, but it is also a toxin for 

the respiratory system, teratogen and 

carcinogen. Malachite green stays in the 

muscles for a long time and accumulates more 

with re-treatment. Malachite green toxicity is 

highly dependent on temperature and increases 

with a temperature rise. Its toxicity is higher in 

lower pH and it also is a plant toxin. This 

compound is inactivated by dose (oxidized) 

(Gul et al., 2021, Al-Yousef et al., 2021, Mao 

et al., 2021).  

Malachite green is toxic to young larvae 

and eggs near hatching. Toxicity in fish is 

usually associated with respiratory failure 

(breathing disorder) (Novotny, 2021). 

According to the movements of the larvae 

before death, it seemed a state similar to 

hypoxia occurred, and oxygen recorded data 

also confirm this (Meinertz et al., 1995). 

The fish liver is a very important organ for 

toxicology studies. The liver position and 

functions could be the main reason for the 

importance of this organ as a primary target 

organ in dealing with different types of 

contaminants and toxins (Sinha et al., 2020, 

Brusle and i Anadon, 2017). Histopathological 

study of rainbow trout liver exposed to different 

treatments of malachite green showed different 

signs of histopathological changes. Among the 

prominent tissue lesions in this study can be 

noted vacuolation of hepatocytes, 

haemorrhage, the nucleus in a lateral position 

and distention of disse space. 

The intensity of these lesions increased 

with increasing the concentration of malachite 
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green and in case of continuation of pollution, 

may be entered more severe injuries and 

damage to the liver and leads to liver 

dysfunction (Sinha et al., 2021a). A related 

study conducted by El-Neweshy and Srag in 

2011, in addition to reports of liver tissue 

lesions in Nile tilapia similar to this study, 

expressed the amount of damage to the tissue 

and their extent in direct contact with the 

pollutant concentration (El-Neweshy and Srag, 

2011a). Also, rainbow trout exposure to 

malachite green in addition to focal necrosis in 

the liver leads to damages such as congestion, 

damage to the mitochondria and nuclear 

changes (Shourbela et al., 2020). Hypertrophy, 

vacuolation and hepatic cirrhosis are reported 

as other lesions in the study by Srivastava et al. 

(1998) in H. fossilis exposed to malachite 

green. In addition to malachite green, other 

pesticides may also have similar effects on 

Cirrhinus mrigala (Ghayyur et al., 2021), Carp, 

Cyprinus carpio (Shivalingu and Jayabhaye, 

2021), Clarias gariepinus (Islam et al., 2021).  

Gill is an external organ. The epithelium 

and its direct connection to the surrounding 

environment is considered primary target 

organs for pollutants. Long-term exposure to 

pollutant leads to their absorption through the 

gills and create gill damage and 

histopathological effects. Hence this organ in 

fish can be a useful indicator for the evaluation 

of water quality (Alaguprathana anf 

Poonkothai, 2021). The results of this study 

showed clear histopathological changes in the 

gills of rainbow trout exposed to different 

concentrations of malachite green. Changes 

such as the bulging epithelium from the 

basement membrane, creating space for 

edmatozation, clubbing the end of lamellae, 

hyperplasia and vessel dilation were the most 

common effects observed in this study. Many 

of these effects have been observed in the gills 

are kind of defense mechanisms against the 

entry of contaminants into the body (Sharma et 

al., 2021). The bulging of epithelium, creating 

edema space, increasing the number of goblet 

cells and enhancing the secretion of mucus are 

defense mechanisms which usually lead to an 

increase in the space between the water and the 

blood and act as a barrier against contaminants 

(Sinha et al., 2021b). However, these effects 

due to the increased gas emission distance 

between water and blood and decreased contact 

area reduced gas exchange in organisms 

(Mohamad et al., 2021). Hyperplasia like the 

edema in fish gills is one of the defensive 

reactions against contaminants that reduce the 

level of respiratory surface and increase the 

emission distance of contaminant–blood (Sinha 

et al., 2021b, Shukla et al., 2020). A same study 

examined the effect of malachite green on the 

gill tissue of Nile tilapia. Hyperplasia, the 

fusion of the lamellae and necrosis were 

significant side effects observed in this study, 

which is fully confirmed the results of the 

present study (El-Neweshy and Srag, 2011b). 

The impact of malachite green on Cyprinus 

carpio (Sinha et al., 2021b), Carassius auratus 

(Yadav and Singh, 2011) have also been 

studied. Separation of the epithelium from 

basement membrane, hemorrhage, leukocyte 

penetration and necrosis were the side effects 

that have been observed in these studies. 

Several studies have shown the similar effects 
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of other pesticides on the fish gills (Ghayyur et 

al., 2021, Islam et al., 2021, Viana et al., 

2021b).  

Kidney is a vital organ of the body and one 

of its most important functions is to regulate 

and maintain homeostasis in the body (Li et al., 

2020). Contaminants are initially absorbed in 

fish liver and then excreted through the kidney. 

Accordingly, the kidney is one of the first 

organs that is exposed to environmental 

contaminants and is impressed (Ghribi et al., 

2019). The histopathological results of rainbow 

trout kidney exposed to different concentrations 

of malachite green showed lesions such as 

melanomacrophages aggregation, separation of 

the epithelium from the basement membrane, 

obstruction or reducing the space of lumen, 

renal tubular necrosis, hemorrhage and 

vacuolation. The formation of 

melanomacrophage centers is such observed 

lesions in this study that contains melanin and 

shows defense mechanism of the kidney against 

external factors. These centers are not 

considered the serious lesions, however, their 

beneficial and effective presence has been 

known and many researchers consider 

melanomacrophage centers as non-specific 

cytologic biomarkers caused by pollution and 

environmental degradation (Durai et al., 2021, 

Viana et al., 2021a). Vacuolation of cytoplasm 

in epithelial cells of the renal tubules shows the 

compatibility of the host cells to prevent 

damage and destruction caused by a pollutant. 

Glomerular contraction, separation of the 

epithelium from the basement membrane, 

vacuolation and necrosis of the urinary tubules 

are reported as lesions in fish exposed to 

malachite green in the study by Srivastava et al 

(1998). Another study examined the impact of 

malachite green in Nile tilapia and lesions such 

as degeneration of the renal tubules and tubular 

necrosis are the most common symptoms 

observed in this study (El-Neweshy and Srag, 

2011b). It seems that in addition to malachite 

green, other pesticides such as diazinon 

(Banaee et al., 2013), captan (Boran et al., 

2012) and butachlor (Ahmadivand et al., 2014) 

also have the same results on rainbow trout. 

Generally, in chronic pollution conditions, 

histopathological changes observed in this 

study may be far greater and cause severe 

physiological disorders and ultimately leading 

to the death of the fish.  

According to the results of this study, 

malachite green is considered highly toxic to O. 

mykiss. Harmful effects of malachite green on 

the liver, kidney and gill tissues of rainbow trout 

are quite evident and cause tissue changes in the 

mentioned organs. So, excessive use of this 

combination can affect fish health (Bills, 1974). 

Today, the increasing number of pollutants 

used in industries, including malachite green, 

has become a challenging issue for researchers, 

so providing an effective solution to replace or 

remove these pollutants from the environment 

seems very necessary. Following the very 

adverse environmental effects of malachite 

green and the restriction of use by the many 

countries, it can be appropriate to use low-risk 

compounds as an alternative. 
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