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Abstract 

This research aimed to study the histological effects of the acute water-soluble fraction 

of diesel (WSFD) on the liver, gill, and kidney of common carp (Cyprinus carpio). The 

fish were divided into four experimental groups; control (group1) (G1) without WSFD, 

and three groups of WSFD with densities of 4% (G2), 8% (G3), and 16% (G4). After 48 

hours of exposure, sampling of liver, gill, and kidney was performed from all 

experimental groups, simultaneously. The results showed that the main alterations 

observed in the gill included goblet cell increasing, epithelial lifting, complete and 

incomplete fusion, filamentous edema, blood congestion, aneurysm, and infiltration of 

inflammatory cells causing the rank of gill tissue lesions in the G4 (3.30) and G3 (2.70) 

significantly differed from the G1(0.00) (p<0.005). Sever sinusoid dilation, sever blood 

congestion, hypertrophy a of nucleus, nucleus in lateral position, cytoplasmic 

vacuolization and pyknotic nucleus were observed in the liver. The rank of liver tissue 

lesions in the G4 (3.30) and G3 (2.70) significantly differed from the G1(0.00, p<0.005). 

Tubular disorganization, shrinkage and necrosis of tubule, and melanomacrophage 

aggregation were observed in the kidney. The rank of kidney tissue lesions in the G4 

(3.30) significantly differed compared to the G1 and G2 (0.00) (p<0.005). Total lesion 

rank of whole aforementioned tissues in G4 (9.70) significantly differed from the G1 

(0.00) and G2 (3.70) (p<0.05). The results showed that WSFD causes pathological lesions 

incidence in the fish liver, gill, and kidney and increase in WSFD level causes more severe 

tissue damages. 

Keywords: Water-soluble fraction of diesel (WSFD), Histopathology, Gill, Liver, 

Kidney, Common Carp. 

 

1-Department of Aquatic Animal Health and Diseases, Faculty of Specialized Veterinary Sciences, Science 

and Research Branch, Islamic Azad University, Tehran, Iran. 

2-Iranian Fisheries Sciences Research Institute, Agricultural Research, Education and Extension 

Organization, Tehran, Iran. 

3-Department of Fisheries, Faculty of Marine Science and Technology, North Tehran Branch, Islamic 

Azad University, Tehran, Iran. 

4-Department of Pathobiology, Faculty of Specialized Veterinary Sciences, Science and Research Branch, 

Islamic Azad University, Tehran, Iran. 

*Corresponding author’s Email: bsh443@gmail.com, akr12783@gmail.com 

mailto:bsh443@gmail.com


1065 Modaberi et al., Histological effects of water-soluble fraction of diesel (WSFD) on liver, gill, … 

Introduction 

Seventy-five percent of the earth is 

water, and many creatures live in this 

aquatic environment. Different 

pollutions such as diesel constantly affect 

the aquatic environment and its living 

creatures, so it is essential to pay 

attention to contaminant factors that can 

risk aquatic animals (Carvalho et al., 

2020). Diesel with the chemical formula 

(C12H24) is a crude oil refining product 

used as fuel in diesel engines. A large 

volume of this fuel is consumed daily in 

the world, therefore at the time of 

transportation, the entrance of diesel into 

aquatic environments is possible and 

causes pollution to aquatic animals 

(Ismail et al., 2009; Ekanem et al., 2018). 

When diesel leaks into an aquatic 

environment, some of it evaporates due 

to sunlight, some remains insoluble on 

the surface, a percentage of it deposits on 

the bottom of the aquatic environment, 

and the rest dissolves in water (Simonato 

et al., 2006). There are aromatic 

hydrocarbon compounds in WSFD, such 

as BTEX (Toluene, Ethylene, and 

Xylene) and PAHs (Naphthalene). Also, 

the soluble diesel phase contains some 

heavy metals like iron, nickel, and 

copper (Vanzella et al., 2007; Nogueira 

et al., 2011; Moreira et al., 2014; 

Delunardo et al., 2020). The PAHs have 

a great tendency to accumulate in various 

tissues of the fish body because of their 

lipophilicity. Gill, the digestive system, 

and body surfaces (skin) can absorb these 

materials (Teh et al., 2004; Ebonwu and 

Ugwu, 2016; Freire et al., 2020). 

On the other hand, the  aggregation of 

these toxic materials (PAHs) causes a 

loss of physical and chemical balance by 

disrupting cell membrane lipids and 

proteins that cause fish tissue damage 

(Rodrigues et al., 2010; Olyaei et al., 

2014). Also, as a result of PAHs 

metabolism free radicals are produced 

that have high toxicity for body tissues 

(McCallum et al., 2017) . The polycyclic 

aromatic hydrocarbons (PAHs) toxicity 

in the WSFD causes histopathological 

changes in fish’s vital organs such as the 

liver, kidney, and gill (Akaishi et al., 

2004; Simonato et al., 2008).  

The liver is one of the vital organs of 

the fish body, which has an essential role 

in food digestion and body metabolism. 

Also, it is known as the most significant 

gland in the body. The liver has a 

detoxification role in the fish body 

(Haque et al., 2017). If it suffers a 

problem, toxins accumulate, and the 

general system of the body will get into 

trouble (Bin-Dohaish, 2012). Because of 

the high sensitivity in contact and 

detoxification of the liver contaminants, 

this tissue organ can be used for 

histological evaluation to detect 

contamination of fish with soluble diesel 

phase (El-ghazaly et al., 2006; Biuki et 

al., 2012). WSFD can cause damage to 

gill tissue and disrupt gas interchange, 

and fish suffer from hypoxia, eventually 

(Afifi et al., 2014). Gill has other 

responsibilities such as regulating the 

osmotic pressure and excreting some 

waste compounds  such PAHs cause gill 

mechanism disorders (Evans et al., 2005; 

Prakash et al., 2019). The kidney has a 

vital role in the osmotic regulation of 

water and ions through the excretion of 

waste products in the fish body. 
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Therefore, it is one of the first organs to 

be affected at the time of exposure to oil 

pollution and its products (Hadi and 

Alwan, 2012). 

Cyprinidae is the most prominent 

family of freshwater fish. This has been 

cultured worldwide except in South 

America, Madagascar, and Australia in 

terms of natural distribution. There are 

386 genus and 3162 species in this 

Family (Hameed and Al-azami, 2016; 

Mohammed and Hameed, 2018). Many 

farmers select different kinds of this 

family for rearing, and they allocate a 

significant part of aquatic products, so in 

European countries, common carp forms 

80% of aquaculture products volume 

(Maktabi et al., 2015). Common carp 

(Cyprinus carpio) is one of the most 

crucial culture species of this family. It is 

one of the most consequential economic 

species in the Caspian Sea and Iranian 

fish farms (Ardakani and Jafari, 2015). 

WSFD can cause poisoning in fish 

specifically common carp resulting in 

various effects on the body of carp 

(Rodrigues et al., 2010; Hamed and Al-

azami., 2016; Ekanem et al., 2018; 

Mohammed and Hameed., 2018; Khatun 

et al., 2021). 

Based on aforementioned references, 

this study aims to investigate the effect of 

toxic compounds in the solution phase of 

diesel on the tissues of vital organs of the 

body such as; the liver, gill, and kidney 

while acute exposure in common carp is 

occurring. 

 

 

 

 

Materials and methods 

Research design 

Two aquariums with a volume of five 

hundred liters and dimensions of 

60x70x120 cm were used to quarantine 

(adapt) fish and twelve aquariums with 

two hundred L capacity and dimensions 

of 40x50x100 cm to expose fish to the 

soluble phase of diesel to conduct this 

research. Three six hundred L fiberglass 

tubs with dimensions of 70x77x125 cm 

were accommodated to prepare water 

contaminated with diesel solution phase. 

Diesel preparation tubs were installed 

away from the laboratory not to pollute 

the laboratory air with the gas emitted by 

mixing water with diesel. Tap water that 

was kept for Ninety-six hours to remove 

chlorine was used to supply water for 

quarantine tanks and mix with diesel. 

During the research, oxygen was 

provided to all quarantined and 

experimental aquariums with an air 

pump (2hp, Hila-China) to keep the 

oxygen level at 7 mg/L. The heater was 

placed in the laboratory to keep the 

environment temperature at 22oC.  

 

Fish 

Ninety-six common carp weighing 

50±0.5 g and 16±0.5 cm were bought 

from the carp aquaculture center located 

in Sangar, Gilan province. Double-

walled plastic boxes filled with oxygen 

were used to transport the fish to the 

research laboratory. After the 

acclimation process in transfer boxes 

water and quarantine aquarium water, the 

fish were brought out of the box one by 

one. They were examined in terms of the 

existence of clinical signs, including 
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disease, wounds on the body surface, 

scaling, presence of erosion in fins and 

tails, existence of parasites or superficial 

fungi, and congenital disabilities. Before 

transferring fish to quarantine tanks, they 

were bathed in 100-liter aquariums 

containing 2% sea salt (iodine-free) to 

ensure eliminating the parasites. Then 

the fish were divided into two groups and 

stored in quarantine aquariums to be 

quarantined  (adapted) for two weeks. 

The supply water was adjusted at 22°C, 

pH of 6.7, and oxygen of 7mg/L. All the 

physical and chemical parameters of 

water were monitored and recorded 

daily. Light and darkness duration was 

considered 12:12 h darkness. Feeding 

was done two times a day in the morning 

and the evening based on 12% biomass 

of a commercial feed (carp growing stage 

EX-CG Beyza 21 Feed Mill Company). 

 

Preparation of diesel solution phase 

The diesel was supplied from petroleum 

products distribution centers. Two 

hundred liter of trade diesel was prepared 

in a particular chemical carrying 

container and was transferred to the 

laboratory. A volume of 500 cc of diesel 

was sent to the chemical assay test for 

diesel compounds assessment that was 

used in this research (Table 1). 

The presence of aromatic 

hydrocarbons was then tested, and the 

number of different types of aromatic 

compounds in the diesel was adjusted 

flowing the measurement of Rodriguez et 

al. (2010) (Table 2). 

 

 

 

Table 1: Percentage of hydrocarbons 

compounds in diesel (%). 

Level Group 

40.0556 Alkanes 

14.8795 Cycloalkanes 

7.6154 Bicycloalkanes 

16.1719 Alkylbenzene 

9.1537 Indene and tetra lines 

8.6773 Naphthalene’s 

1.5647 Tricycloalkane 

1.2240 Diaromatic 

0.6577 phenanthrene 

 

Table 2: Percentage of the presence of 

aromatic hydrocarbons in diesel. 

Level Hydrocarbons 

289.06 Benzene 

754.28 Toluene 

289.92 Ethylbenzene 

1771.82 Xylene 

2815.16 Total BTEX 

31.33 Naphthalene 

nd Acenaphthelene 

3.46 Fluorene 

3.89 Phenanthrene 

nd Anthracene 

nd Fluoranthene 

nd Pyrene 

nd Benz[a]anthracene 

nd Chrysene 

nd Benzo[b]fluoranthene 

nd Benzo[k]fluoranthene 

nd Hydrocarbons 

nd Benzo[a]pyrene 

nd Indeno[1.2.3-C.D]pyrene 

nd Dibenzo[a,h]anthracene 

nd Benzo[ghi]perylene 

38.61 Total PAHs 

2853.77 ΣHPAs and BTEX 

 

The method of Anderson et al. (1974) 

was used to prepare the soluble diesel 

phase. The diesel was mixed with water 

to obtain proportionally selected density 

and placed in a dark place for 23 h. Then 

it was gently mixed with an electric 

mixer during this time. The mixture of 

diesel and water was then allowed to 
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remain for 1 h. The mix of diesel and 

water was then exposed to direct sunlight 

for 5 h and was mixed with an electric 

mixer. Finally, the water and diesel 

mixture was allowed to remain for 1 h at 

which the soluble phase was separated 

from the insoluble one. The whole 

solution phase was carefully separated 

from the bottom of the mixture container 

by siphoning and transferred to the 

specific aquariums. The leftover 

insoluble diesel phase was returned to the 

particular chemical containers and sent to 

the relevant centers to eliminate 

environmental pollution. 

 

Exposure to the diesel solution-phase test 

To study acute toxicity of soluble diesel 

phase considering the amount of LC₅ₒ of 

WSFD being 640±30 mg/L (Rodriguez 

et al., 2010; Hedayati et al., 2017). The 

fish were divided into four groups in 

triplicates: one control (group1, G1) 

excluded WSFD and three groups 

included WSFD with densities 4% (G2), 

8% (G3), and 16% (G4) Every individual 

replicate with 8 fish was transferred to 

each 200-liter aquarium filled with 

WSFD according to the selected density 

and were the same as quarantine tank in 

physical and chemical conditions. 

Samples were exposed to WSFD for 48 

hours to create an acute phase. 

Lightening and darkness duration were 

considered 12 and 12 h. Feeding was 

done two times a day in the morning and 

evening like quarantine time 

(adaptation). 

 

 

 

Histology 

After 48 hours of acute exposure to 

WSFD, six samples were selected 

randomly from each replication, and 

sampling of liver, gill, and kidney was 

performed. The samples were fixed in 

50cc sterile falcons containing formalin 

10% (Merck formalin, Germany). 

Formalin was renewed after 6  h to 

complete the stabilization process. 

Samples were then packed in suitable 

boxes next to the ice pack and were sent 

to the laboratory. Samples were 

eventually removed from formalin and 1 

cm2  of each sample was cut and given a 

unique code, then placed in tissue tags. In 

the next step, a routine histology 

procedure was done and sections of 5μ 

were prepared using a rotary microtome. 

Then the slides were stained with the 

hematoxylin-eosin staining technique 

(Herrera et al., 2009; Rheubert et al., 

2017). The stained slides were then 

examined under a light microscope 

(Olympus BH-2), and their pictures were 

recorded with a digital camera. Lesions 

observed in tissues were evaluated and 

graded according to the designed tables, 

so the score of zero to a tissue indicates 

no tissue lesion, and the score of five was 

considered for the most severe tissue 

damage. More description of each score 

for grading pathological changes was 

given in Table 3. 



1069 Modaberi et al., Histological effects of water-soluble fraction of diesel (WSFD) on liver, gill, … 

Table 3: Histopathological grading for gill, liver and kidney tissue examinations 
 0 1 2 3 4 5 

 

 

 

 

Gill 

 

 

 

 

 

No 

lesion 

Aneurysm (very 

low) 

Hyperplasia and 

hypertrophy of 

the gill 

epithelium 

Epithelial 

lifting of 

lamellae (very 

low) 

Goblet cell 

increasing(low) 

Incomplete 

fusion(Low-

Moderate) 

Complete 

fusion (very 

low) 

Filamentous 

edema (very 

low) 

Edema (very 

low) 

 

Aneurysm(low) 

Hyperplasia and 

hypertrophy of 

the gill epithelium 

Epithelial lifting 

of lamellae(low) 

Goblet cell 

increasing(Low-

Moderate) 

Incomplete 

fusion(Moderate) 

Complete 

fusion(low) 

Filamentous 

edema(low) 

Edema(low) 

WBC infiltration 

as Acute (very 

low) 

Disorganization 

& detachment 

(very low) 

Clubbing(low) 

Aneurysm(Low-

Moderate) 

Hyperplasia and 

hypertrophy of the gill 

epithelium 

Epithelial lifting of 

lamellae(Moderate) 

Goblet cell 

increasing(Moderate) 

Incomplete 

fusion(Moderate-

High) 

Complete fusion(Low-

Moderate) 

Filamentous 

edema(Low-Moderate) 

Edema(Low-

Moderate) 

WBC infiltration as 

Acute(low) 

Disorganization & 

detachment(low) 

Blood congestion(low) 

Clubbing(Moderate) 

Aneurysm(Moderate) 

Hyperplasia and 

hypertrophy of the gill 

epithelium 

Epithelial lifting of 

lamellae(Moderate-

High) 

Goblet cell 

increasing(Moderate-

High) 

Incomplete 

fusion(High) 

Complete 

fusion(Moderate) 

Filamentous 

edema(Moderate) 

Edema(Moderate) 

WBC infiltration as 

Acute(Low-Moderate) 

Disorganization & 

detachment(Low-

Moderate) 

Blood 

congestion(Moderate) 

Tissue necrosis(low) 

Clubbing(High) 

Aneurysm(High) 

Hyperplasia and 

Hypertrophy of the gill 

epithelium 

Epithelial lifting of 

lamellae(High) 

Goblet cell 

increasing(High) 

Incomplete fusion (very 

High) 

Gomplete fusion(High) 

Filamentous 

edema(High) 

Edema(High) 

WBC infiltration as 

Acute(Moderate) 

Disorganization & 

detachment(Moderate) 

Blood congestion(High) 

Hemorrhage(High) 

Tissue 

necrosis(Moderate) 

Clubbing(very High) 

 

 

 

Liver 

 

 

 

 

No 

lesion 

Hypertrophy of 

nucleus and 

cytoplasm (very 

low) 

The nucleus in 

lateral 

position(low) 
 

Hypertrophy of 

nucleus and 

cytoplasm(low) 

The nucleus in 

lateral 

position(Low-

Moderate) 

Blood 

congestion(low) 

Sinusoid 

dilation(low) 

Pyknotic nucleus 

(very low) 

Hypertrophy of 

nucleus(low) 

Hypertrophy of 

nucleus and cytoplasm 

Low-Moderate) 

Blood 

congestion(Low-

Moderate) 

Sinusoid 

dilation(Moderate) 

Piknotic nucleus(Low-

Moderate) 

Hypertrophy of 

nucleus(Low-

Moderate) 

Cytoplasmic 

vacuolation (low) 

Macrophage cells 

increase(Moderate) 

Melanoma 

macrophage 

aggregation(low) 

Hypertrophy of nucleus 

and 

cytoplasm(Moderate) 

Blood 

congestion(Moderate) 

Sinusoid 

dilation(Moderate-

High) 

Pyknotic 

nucleus(Moderate) 

Hypertrophy of 

nucleus(Moderate) 

Cytoplasmic 

vacuolation (Moderate) 

Macrophage cells 

increase(High) 

Melanoma 

macrophage(Low-

Moderate) 

Hepatocyte 

necrosis(low) 

Hypertrophy of nucleus 

and cytoplasm(High) 

Blood congestion(High) 

Sinusoid dilation(High) 

Hypertrophy of 

nucleus(Moderate-

High) 

Cytoplasmic 

vacuolation (High) 

Macrophage cells 

increase (very High) 

Melanoma 

macrophage(Moderate) 

Hepatocyte 

necrosis(Low-

Moderate) 

Tissue and vascular 

rupture with 

bleeding(Low-

Moderate) 

 

 

Kidney 

 

 

 

No 

lesion 

Glomerular 

hypertrophy 

(very low) 

Tubular cell 

cytoplasm 

hypertrophy 

(very low) 

Tubular edema 

(very low) 

Glomerular 

hypertrophy (low) 

Tubular cell 

cytoplasm 

hypertrophy(low) 

Disorganization 

tubular and 

glomerular(low) 

Increase of 

bowman’s 

space(low) 

Tubular 

edema(low) 

Disorganization 

tubular and 

glomerular(Moderate) 

Melanoma 

macrophage(low) 

Hyaline droplet(low) 

Increase of bowman’s 

space(Moderate) 

Tubular edema(Low-

Moderate) 

Disorganization tubular 

and 

glomerular(Moderate-

High) 

Melanoma 

macrophage(Moderate) 

Hyaline droplet(Low-

Moderate) 

Increase of bowman’s 

space(Moderate-High) 

Blood congestion(low) 

Tubular and glomerular 

necrosis(low) 

Tubular 

edema(Moderate) 

Disorganization tubular 

and glomerular(High) 

Melanoma 

macrophage(High) 

Hyaline 

droplet(Moderate) 

Increase of bowman’s 

space(High) 

Hemorrhage in 

Bowman’s space and 

tubular(High) 

Blood 

congestion(Moderate) 

Tubular and glomerular 

necrosis(Moderate) 

Tubular edema(High) 

Statistical method 

To compare the difference between the 

average rankings of tissue damage in 

exposed groups, Kruskal-Wallis Test 

was used. Mann-Whitney U test was 

followed to compare group mean in pairs 

and two by two using SPSS, 26. 

Results 

Gill, liver, and kidney tissue structures, 

exposed to 4%, 8%, and 16% density of 

soluble diesel phase, differed from the 

group that was not affected by water 

pollution. According to the results 

reported in Table 4 and the results of the 
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Kruskal-Wallis test, the probability of a 

difference between the four groups is as 

follows: 

According to Graph 1, the average 

rank of gill tissue lesions in the G1 (0.00) 

showed a significant difference from the 

mean rank of gill lesions in the G3 (2.70) 

(p=0.024). Also, the average rank of gill 

lesions in the G1 (0.00) had a significant 

difference from the mean rank of gill 

lesions in the G4 (3.30) (p=0.003). The 

average rank of gill lesions in the 

exposed groups did not demonstrate a 

difference (p>0.05). 

 

Table 4: Pathologic statistical assessment 

results. 

Index P-value 

Gill *0.021 

Kidney *0.012 

Liver *0.035 

Total *0.014 

*is a significant difference at 0.05 level among 

groups. 
 

 
G1=control G2=%4 diesel G3=%8 diesel G4=%16 diesel H1=48 hours 

Graph 1: Quantitative comparison of lesions formed in gill tissue in different groups. 

 

According to Graph 2, the average rank 

of liver tissue lesions in the G1 (0.00) 

showed a significant difference from the 

mean rank of liver lesions in the G3 

(2.70) (p=0.026). Also, the average rank 

of liver lesions in the G1 (0.00) had a 

significant difference from the mean rank 

of liver lesions in the G4 (3.30) 

(p=0.006). The average rank of liver 

lesions in the exposed groups did not 

demonstrate a difference (p>0.05). 

According to Graph 3, the average rank 

of kidney tissue lesions in the G1 (0.00) 

showed a significant difference from the 

mean rank of kidney lesions in the G4 

(3.30) (P=0.006). Also, the average rank 
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of kidney lesions in the G2 (0.00) had a 

significant difference from  the mean 

rank of kidney lesions in the G4 (3.30) 

(p=0.006). 

 

 
G1=control G2=%4 diesel G3=%8 diesel G4=%16 diesel H1=48 hours 

Graph 2: Quantitative comparison of lesions formed in liver tissue in different groups. 

 

 
G1=control G2=%4 diesel G3=%8 diesel G4=%16 diesel H1=48 hours 

Graph 3: Quantitative comparison of lesions formed in kidney tissue in different groups. 

 

According to Graph 4, the average 

overall ranking of tissue damage in the 

G1 (0.00) showed a significant 

difference from the average overall 

ranking of tissue damage in the G3 (7.30) 

(p=0.039). Also the average overall 

ranking of tissue damage in the G1 (0.00) 

had a significant difference from the 
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average overall ranking of tissue damage 

in the G4 (9.70) (p=0.002). The average 

overall ranking of tissue damage in the 

G2 (3.70) had a significant difference 

with the average overall ranking of tissue 

damage in the G4 (9.70) (p=0.039). 

 

 
G1=control G2=%4 diesel G3=%8 diesel G4=%16 diesel H1=48 hours 

Graph 4: Quantitative comparison of the overall ranking of tissue damage in different groups. 

 

Gill tissue damage evaluation results in 

Table 5 showed that with the increase of 

WSFD, the destruction of gill tissue 

increased. As in the G1, change was not 

observed in the structure of gill tissue, 

and the average rank was 0.00. The 

average rank of gill tissue lesions in the 

G2 was 1.70, which was increased in 

comparison to the G1, but it was less in 

comparison to the G3 with the average 

rank of 2.70 in tissue lesions and the G4 

(3.30) in tissue lesions (Table 5). In the 

G1, gill lamellas are regular, and the 

number of mucous cells and epithelial 

cells status were normal (Fig. 1a). In the 

G2, irregularity, hyperplasia, epithelial 

cells hypertrophy, and mucosal cell 

increase with complete and incomplete 

fusion in the posterior region of lamella 

(Fig. 1b). Incidence of tissue lesions was 

more severe in the G3 compared to the 

G1 and G2 so that the percentage of 

mucosal cells and complete fusion was 

increased compared to the incomplete 

fusion in secondary gill lamellas, and the 

expansion of the lesion was extended 

from the posterior part of gill lamella to 

the middle part (Fig. 2a). Disruption of 

gill lamella tissue, mucosal cells 

proliferation, increased complete fusion 

of secondary lamella compared to 

incomplete fusion included lesions 

expansion to more sections of gill 

lamellas and also blood congestion along 

with aneurysm, clubbing of lamella tips, 

and infiltration of inflammatory cells in 

G4 happened more intensely compared 

to other experimental groups (Fig. 2b). 
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Figure 1. Gill histopathology of common carp. (A) G1: the normal structure of gill tissue (H&E, Bar: 

100 µm) (B) Common carp exposed to %4 of WSFD (G2) for 48 h: GC: increased goblet 

cells (low-moderate), CF: complete fusion (low) in the posterior region, FD: complete 

fusion in distal lamellae (low), IF: incomplete fusion (low-moderate), A: aneurysm (low), 

HP: hyperplasia (moderate), EL: epithelial lifting (low), FE: filamentous edema (low), 

(H&E, Bar: 100). 

 

 
Figure 2. Gill histopathology of common carp. (A) Common carp exposed to %8 of WSFD (G3) for 

48 h: GC: increase in goblet cell (moderate), CF: complete fusion in the middle and 

posterior region (low-moderate), IF: incomplete fusion (moderate), EL: epithelial lifting 

(low-moderate), HP: hyperplasia (moderate-high), FE: filamentous edema (low-

moderate), WBC: infiltration of inflammatory cells (low), (H&E, Bar: 100 µm). (B) 

Common carp exposed to %16 of WSFD (G4) for 48 h: BC: blood congestion (low), CF: 

complete fusion (moderate) in the middle and posterior part of the lamella, IF: incomplete 

fusion (moderate-high), HP: hyperplasia (high), E: edema (moderate), D: disruption of gill 

tissue structures (moderate), EL: epithelial lifting (moderate(, H&E, Bar: 100 . 

 

Liver tissue damage evaluation results in 

Table 5 showed that with the increase of 

WSFD, the destruction of liver tissue 

increases. As in the G1, change was not 

observed in the structure of liver tissue, 

and the average rank was 0.00. The 

average rank of liver tissue lesions in the 

G2 was 2.00, which was increased 

compared to the G1, but it was less 

compared to the G3 with the average 

rank of 2.70 in tissue lesions (Table 5) 

and to the G4 with the average rank of 
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3.00 in tissue lesions. In the G1, lesions 

were not seen (Fig. 3a). In the G2, these 

lesions were reported: hypertrophy of 

nucleus,  sinusoid dilation, blood 

congestion, cytoplasmic vacuolation, and 

pyknotic nucleus (Fig. 3b) and with 

increase of G3, the Incidence of lesions 

was more than G2 and G1 (Fig. 4a). The 

most severe liver pathological changes 

was related to G4 comparing to other 

experimental groups (Fig. 4b). This 

result indicates that the increase of 

WSFD causes increase in severity of 

liver tissue lesions. 

 

Table 5: Histopathologic damage evaluation results in 4%, 8% and 16% groups of WSED after 48 

hours (Mean±SD). 

Tissue Gill* Liver Kidney Total 

Control Group 0.00a 0.00a 0.00a 0.00a 

4% 1.70 ± 0.58b 2.00 ± 1.00b 0.00±0.58a 3.70± 1.15b 

8% 2.70 ± 0.58c 2.7 ± 0.58c 2.00±0.58b 7.30 ±0.58c 

16% 3.30 ± 0.58d 3.00±1.00c 3.30 ± 0.58c 9.70± 0.58d 

*Different superscripts show a significant difference (p<0.05) among groups of each column. 

 

 
Figure 3: Liver histopathology of common carp (A) G1: the normal structure of liver tissue (H&E, 

Bar: 200 µm). (B) Common carp exposed to %4 of WSFD (G2) for 48 h: H: cytoplasm 

hypertrophy of hepatocytes (low), SSD: sinusoids dilation (low), NH: hypertrophy of 

nucleus (low), SBC: sever blood congestion (low), NL: hepatocytes nucleus lateral position 

(moderate), CV: cytoplasmic vacuolation (low), (H&E, Bar: 100. 

 

Kidney tissue in G2 did not show any 

identifiable lesion, and its tissue structure 

was the same as the of G1 (Fig. 5b). The 

average rank of created lesions in kidney 

tissue was 0.00 in G1 and G2 (Table 3). 

Kidney tissue lesions in the G3 mainly 

contain melanomacrophage center 

formation (very low), glomerular 

hypertrophy (low), tubular necrosis (very 

low), tubular and glomerular 

disorganization (low), tubular 

hypertrophy (low) (Fig. 6a). The average 

damage rank in this group was 2.00, 

indicating an increase in the severity of 

tissue damage compared to G2 and G1. 

The average rank of tissue lesions in the 

G4 was reported to be 3.30, which shows 

the incidence of lesions was significantly 

higher than the average rank of tissue 

lesions in the G1 (0.00), G2 (0.0), and G3 
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(2.00). So that the presence of 

melanomacrophage centers (low), 

tubular necrosis (low), tubular and 

glomerular disorganization (moderate), 

increase of bowman's space (low-

moderate), glomerular hypertrophy 

(low), indicates further destruction of 

kidney tissue in the exposure of G4 (Fig. 

6b). 

 

 
Figure 4:  Liver histopathology of common carp (A) Common carp exposed to %8 of WSFD (G3) for 

48 h: P: pyknotic nucleus (very low), SSD: sinusoids dilation (low-moderate), SBC: sever 

blood congestion (moderate), N: necrosis (very low), NH: hypertrophy of nucleus (low-

moderate), BC: blood congestion (low) NL: hepatocytes nucleus lateral position 

(moderate), H: cytoplasm hypertrophy of hepatocytes (low-moderate), CV: cytoplasmic 

vacuolation (low-moderate), (H&E, Bar: 100 µm). (B) Common carp exposed to %16 of 

WSFD (G4) for 48 h: SSD: sinusoids dilation (moderate), SBC: sever blood congestion 

(moderate-high), NL: hepatocytes nucleus lateral position (moderate), CV: cytoplasmic 

vacuolation (moderate), H&E, Bar: 100. 

 

Based on the results of Table 5, the mean 

grade of tissue lesions were increased 

within WSED-increase dependent 

manner. No significant difference was

observed between G3 and G4 for liver 

lesions. Kidney lesions showed that 4% 

WSED could not be effective on kidneys 

to damage it after 48h.
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Figure 5: Kidney histopathology of common carp. (A-B) G1 and Common carp exposed to %4 of 

WSFD (G2) for 48 h tissue damage were not observed, (H&E, Bar: 100 µm and Bar: 200 

µm). 

 

 
Figure 6: Kidney histopathology of common carp. (A) Common carp exposed to %8 of WSFD (G3) 

for 48 h: MM: melanoma macrophage centers (very low), N: necrosis (very low), SN: 

Shrinkage and necrosis of tubule (very low), NT: tubular necrosis (very low), D: 

disorganization (low), TD: tubular structures disorganization (low(, )H&E, Bar: 10 µm). 

(B) Common carp exposed to %16 of WSFD (G4) for 48 h: MM: melanoma macrophage 

centers (low), NT: tubular necrosis (low), N: necrosis, S: Shrinkage of tubule, TD: tubular 

structures disorganization (low-moderate), (H&E, Bar: 10). 
 

Discussion 

Oil and its products have been introduced 

as one of the most common harmful 

factors to the environment and aquatic 

animals. Compounds like aromatic 

hydrocarbons and heavy metals (iron, 

copper, and nickel), the main 

components of oil and its products, have 

high toxicity for aquatic animals. Diesel 

is a derivative of oil that is consumed in 

large quantities daily in the world. 

Therefore, the contamination of aquatic 

environments while transferring this 

substance is possible (Anderson et al., 

1974; Pacheco and Santos., 2002; 

Rodrigues et al., 2010). In the present 

study, common carp fish were exposed to 

the sub-lethal density of a water-soluble 

fraction of diesel for 48 hours. There was 

a significant difference between exposed 

and unexposed groups to WSFD after 

tissue damage classification and 

statistical analysis of data (p<0.05). Also, 

a significant difference was reported in 
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the severity of the lesions among the 

exposed groups (p<0.05).  

Gill is one of the vital organs of the 

fish body that performs many vital 

activities such as gas exchange 

(respiration), osmotic pressure 

adjustment, acid and base balance, and 

disposal of nitrogenous waste (Dessouki 

et al., 2013). The first part of the gill that 

was exposed to WSFD was the external 

region of the gill lamellae. At the time of 

the WSFD exposure to the gill's outer 

region, the increase of mucosal cells was 

reported, which is a kind of defense 

against pollutants and causes the increase 

of mucous on the gill space and lamellae. 

This condition occurs to dilute and 

neutralize toxins in the gill (Olyaei et al., 

2014). The lowest amount of mucosal 

cells in this study was seen in 4% density 

(p>0.05), and the highest amount of them 

excited in 16% density (p<0.05). Also, 

the increase of mucosal cells in flatfish 

exposed to polluted water with aromatic 

hydrocarbon compounds due to oil 

refinery effluent was reported, and 

subsequently, an accumulation of 

mucous on gill lamellae's surface and 

gill's space was reported (Khan, 2003). 

Hyperplasia and hypertrophy were seen 

in 4%, 8%, and 16% densities exposed 

groups (p<0.05). Sharifpour et al. (2011) 

announced that the cause of hyperplasia 

on the epithelial cells' surface was the 

cells' inability to separate due to 

increased mitotic division that was 

because of the gill exposure to petroleum 

hydrocarbons and heavy metals. Edema 

and epithelial lifting in secondary 

lamellae and edema in first lamellae were 

other tissue lesions in the WSFD exposed 

groups. As the contaminants density 

increased, the incidence of edema and 

epithelial lifting in the secondary 

lamellae and edema in the first lamellae 

increased compared to the control group 

which was 4%<8%<16%. In the study by 

Ismail et al. (2009) on tilapia, it was 

observed that soluble diesel phase 

density increase in water from 10 ppm to 

500 ppm caused increasing the severity 

of edema and detachment of epithelial 

tissue. The results of their study were 

consistent with the results of the present 

study. Research observations showed 

that the increase of soluble diesel density 

in the water increased the incidence of 

fusion between secondary lamellas, and 

the highest fusion was reported in the 8% 

and 16% groups compared to the control 

group (p<0.05). As the soluble diesel 

phase density increased from 4% to 16%, 

the fusion rate progressed from 

incomplete fusion to complete fusion, 

and also, the conflict area extended from 

the external surface of lamellae to the 

middle surface. Similarly, gill 

histopathological lesions increased from 

day 8 in yellowfin sea bream 

(Kazempour et al., 2020). In a study that 

was performed on the effect of different 

densities of soluble diesel phase on Huso 

huso gill, it was found that the 40 ppm 

soluble diesel phase density caused more 

fusion in the lamellas than the 0, 5, 10, 

and 20 ppm (Jahanbakhshi and Hedayati, 

2013). Aneurysm and clubbing of the end 

of the secondary lamellas, and blood 

congestion in the capillaries were 

indicative of the high density of WSFD 

so these lesions were not significantly 

different from the control group to the 
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4% density (p>0.05). Nevertheless, a 

significant difference was reported in 8% 

and 16% densities compared to the 

control group (p<0.05). Aneurysm in the 

gill of milkfish exposed to water polluted 

with diesel was one of the lesions 

reported by Hesni et al. (2011) similar to 

this study.  

The liver is another vital organ that 

plays a significant role in fish 

metabolism. Also, it plays a role as one 

of the essential glands in the fish body 

(Authman et al., 2013). It plays a vital 

role in detoxification, and a large volume 

of blood is entered into this organ daily. 

As a result, in the case of water pollution, 

many toxins are entered the fish body and 

are absorbed by the liver through the 

blood, causing structural and functional 

changes in this organ (Barja-Fernandes et 

al., 2013). Sinusoid edema, hepatocytes 

nucleus and cytoplasm hypertrophy, and 

blood congestion were tissue damages 

observed in the larvae of Odontesthes 

argentinensis liver, which were affected 

by water polluted with soluble diesel 

phase. Also, with the increase of the 

WSFD, the occurrence of pathological 

changes became more severe, so most 

liver tissue damages were reported at 

more than 16% densities (Rodrigues et 

al., 2010). The results of the study by 

Rodrigues et al. (2010) were similar to 

the results of the present study so that 

hepatocytes nucleus and cytoplasm 

hypertrophy, sinusoid edema, and blood 

congestion were the significant 

pathological changes in liver tissue in the 

WSFD exposed groups which caused a 

considerable difference between the 

exposed groups compared to the control 

group (p<0.05). Also, the 8% and the 

16% groups showed the highest severity 

of tissue damage compared to the control 

group (p<0.05). A study was performed 

on the effect of feeding common carp 

with food contaminated by heavy oil. It 

was found that the accumulation of 

aromatic hydrocarbons in hepatocytes 

led to the enzyme CPY1 secretion, which 

caused the production of a large number 

of secondary metabolites such as free 

radicals that led to nucleus formation 

with irregular shapes, hepatocytes 

nucleus in a lateral position, and 

hepatocytes cytoplasm vacuolation (Pal 

et al., 2011). These findings were similar 

to this research results and showed the 

effect of diesel compounds on 

pathological changes in liver tissue. 

Also, in the present study, there was a 

significant difference between the non-

exposed and exposed groups in the liver 

tissue damage (p<0.05). Increased 

activity of hepatocytes for detoxification 

caused the production of a large amount 

of ATP, which upset the balance between 

energy consumption and production. 

Also, it caused the loss of glycogen and 

fat stores, which was the factor of 

hepatocytes nucleus and cytoplasm 

vacuolation (Olyaei et al., 2014). In the 

4% and 8% of soluble diesel phase 

densities, most of the lesions included 

hepatocytes hypertrophy, cytoplasmic 

vacuolation, and nucleus position 

change, but with the increase of soluble 

diesel phase density in water, the 

intensity of hepatocyte activities to 

eliminate the cause of poisoning 

increased. As a result, more severe tissue 

damages occur due to loss of energy 
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stores so that in 16% density tissue 

lesions included cell degeneration and 

necrosis. Hague et al. (2017) studied the 

effect of aromatic hydrocarbons on liver 

tissue, sinusoid edema, endothelial cell 

destruction, nucleus, and cytoplasm 

hypertrophy, hepatocyte cells 

vacuolation, and early sign of necrosis 

were observed, which were the most 

apparent liver pathological lesions in the 

exposure of polluted water by the 

aromatic hydrocarbon compounds. The 

results of this study were matched with 

the results of the Hague et al. (2017) 

study that increasing soluble crude oil 

phase density in water increased the 

incidence of pathological lesions up to 

33%. Also, in another research, melano 

macrophage centers formation and 

increased necrosis areas on the liver 

tissue surface were reported in the group 

exposed to 50% soluble oil phase density 

(Akaishi et al., 2004) that these results 

showed that increasing the soluble diesel 

phase density, the severity of tissue 

lesions increased.  

The kidney in fish is divided into 

anterior and posterior parts, and each part 

plays a vital role in fish life. The frontal 

part hematopoietic area is responsible for 

producing blood cells and phagocytes. 

The posterior part that is consisted of 

glomeruli and urethra is responsible for 

the disposal of the waste and 

maintenance of the chemical balance 

(Basir and Peyghan et al., 2020). The 

kidneys are sensitive to various 

pollutants, especially diesel. Time of 

exposure to oil pollution and its products 

is one of the first organs to be affected 

(Hadi and Alwen, 2012). The study was 

performed by Ebonwu and Ugwu (2016) 

on tilapia larvae exposed to the density of 

0, 0.25%, 0.55%, 0.85%, and 1.25% mg/l 

of the soluble crude oil phase. The kidney 

tissue damages included tubular edema, 

epithelial cells vacuolation, hyaline 

droplets, and glomerular and tubular 

disorganization. They also reported more 

severe tissue damage with increasing 

pollution density in water (Ebonvou and 

Ugwu, 2016). In the present study, after 

48 hours, common carp exposed to 4%, 

8%, and 16% WSFD, significant 

pathological changes included 

melanomacrophage aggregation, tubular 

necrosis, glomerular and tubular 

disorganization, increase of bowman's 

space, and glomerular edema. The 

severity of the lesions increased with 

increasing the water-soluble fraction of 

diesel density so that there was a 

significant difference between the 16% 

group with the control and 4% groups 

(p<0.05). The results of Olyaei et al. 

(2014) research showed that tissue 

lesions in the kidney increased with the 

increase of water-soluble hydrocarbon 

compounds. In this study, common carp 

were exposed to the density of 10, 50, 

100 micrograms per liter of pyrene for 35 

days. It was observed that tissue lesions 

in the ten micrograms per liter of pyrene 

group were macrophages containing 

hemosiderin dispersion, renal tubular 

degeneration, kidney interstitial area 

hyperemia, and the presence of urinary 

casts in some parts. However, in 100 

micrograms per liter of pyrene group, 

more severe pathological damages were 

reported, including renal tubules 

degeneration, increase of bowman's 
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space, melanoma macrophages 

containing hemosiderin, interstitial tissue 

necrosis, and focal necrosis. These 

results were equivalent to the present 

study results that the increase of water-

soluble fraction of diesel density caused 

the increase in severity of tissue lesions 

in the 16% group compared to control 

and 4% groups (p<0.05). 

 

References 

Abdulla Bin-Dohaish, E.J., 2012. The 

effects of 4-nonylphenol 

contamination on livers of Tilapia fish 

(Oreochromus spilurs) in Jeddah. 

Biological Research, 45(1), pp. 15-20. 

http://doi.org/10.4067/S0716-

97602012000100002  

Afifi, M., Alkaladi, A., Abu-Zinada, O. 

and Zahed, N.Z., 2014. 

Histopathological and ultrastractural 

alterations in skin, gills, liver and 

muscle of Siganus canaliculatus and 

Epinephelus morio caught from 

Jeddah and Yanbu coast as bio-

indicators of oil hydrocarbons 

pollution. Life Science Journal, 11(8), 

pp. 880-888.  

Akaishi, F.M., De Assis, H.S., Jakobi, 

S.C.G., Eiras-Stofella, D.R., St-

Jean, S.D., Courtenay, S.C., Lima, 

E.F., Wagener, A.L.R., Scofield, 

A.L. and Ribeiro, C.O., 2004. 

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, 

46(2), pp. 244-253. http://doi.org/ 

10.1007/s00244-003-2260-1 

Anderson, J.W., Neff, J.M., Cox, B.A., 

Tatem, H.E. and Hightower, G.M., 

1974. Characteristics of dispersions 

and water-soluble extracts of crude 

and refined oils and their toxicity to 

estuarine crustaceans and fish. Marine 

Biology, 27(1), 75-88. 

Ardakani, S. and Jafari, S.M., 2015. 

Metals analysis in common carp 

(Cyprinus Carpio) from Shirinsu 

wetland, Hamedan province, Iran. 

Archives of Hygiene Sciences, 4(4), 

172-178. 

Authman, M.M., Ibrahim, S.A., El-

Kasheif, M.A. and Gaber, H.S., 

2013. Heavy metals pollution and 

their effects on gills and liver of the 

Nile catfish Clarias gariepinus 

inhabiting El-Rahawy drain, Egypt. 

Global Veterinaria, 10(2), pp. 103-

115.http://doi.org/ 

10.5829/idosi.gv.2013.10.2.71226 

Barja-Fernández, S., Míguez, J.M. 

and Álvarez-Otero, R., 2013. 

Histopathological effects of 2, 2′, 4, 

4′-tetrabromodiphenyl ether (BDE-

47) in the gills, intestine and liver of 

turbot (Psetta maxima). 

Ecotoxicology and Environmental 

Safety, 95, pp. 60-68. http://doi.org/ 

10.1016/j.ecoenv.2013.05.028 

Basir, Z. and Peyghan, R., 2020. 

Histomorphology of excretory kidney 

of, Common carp, Cyprinus carpio 

during different salinity Adaptation 

Journal Homepage, 16(2), 51-58. 

http://doi.org/ 

10.22055/IVJ.2019.191816.2158 

http://doi.org/
http://doi.org/
https://doi.org/10.1016/j.ecoenv.2013.05.028
http://doi.org/
https://doi.org/10.22055/ivj.2019.191816.2158


1081 Modaberi et al., Histological effects of water-soluble fraction of diesel (WSFD) on liver, gill, … 

 

Biuki, N.A., Savari, A., Mortazavi, 

M.S., Zolgharnein, H. and Salamat, 

N., 2012. Liver histopathological 

changes in milkfish (Chanos chanos) 

exposed to petroleum hydrocarbon 

exposure. World Applied Sciences 

Journal, 18(9), pp. 1315-1320. 

http://doi.org/ 

10.5829/idosi.wasj.2012.18.09.6410 

Carvalho, T.L.A.D.B., Nascimento, 

A.A.D., Gonçalves, C.F.D.S., 

Santos, M.A.J.D. and Sales, A., 

2020. Assessing the histological 

changes in fish gills as environmental 

bioindicators in Paraty and Sepetiba 

bays in Rio de Janeiro, Brazil. Latin 

American Journal of Aquatic 

Research, 48(4), pp. 590-601. 

http://doi.org/10.3856/vol48-issue4-

fulltext-2351 

Delunardo, F.A.C., Paulino, M.G., 

Medeiros, L.C.C., Fernandes, M.N., 

Scherer, R. and Chippari-Gomes, 

A.R., 2020. Morphological and 

histopathological changes in seahorse 

(Hippocampus reidi) gills after 

exposure to the water-accommodated 

fraction of diesel oil. Marine 

Pollution Bulletin, 150, 110769 P. 

http://doi.org/ 

10.1016/j.marpolbul.2019.110769 

Dessouki, A.A., Abdel-Rassol, T.M., 

Shwtar, N.S., Tantawy, H.M. and 

Saleh, N.H., 2013. Pathological 

effects of water-soluble fraction of 

burned motor oil in Tilapia zillii and 

Mugil cephalus through 

bioremediation processes. Middle-

East Journal of Scientific Research, 

17(10), pp. 1386-1395. http://doi.org/ 

10.5829/idosi.mejsr.2013.17.10.1257

8 

Ebonwu, B. and Ugwu, L., 2016. Effect 

of Crude Oil Water Soluble Fraction 

Toxicity on Tilapia Guineensis 

Fingerlings Using Histology of the 

Kidney as a Bioassay Indicator. 

Journal of Petroleum and 

Environmental Biotechnology, 7(4), 

pp.1-3. http://doi.org/ 

Ekanem, A.P., Ekanem, E.A., Efiom, 

E.E. and Nte, S.J., 2018. Effects of 

diesel on the behavior and 

Histopathology of the gills of fresh 

water fish (Clarias gariepinus). 

International Journal of Engineering 

and Applied Sciences, 5(6), pp. 201-

257. http://doi.org/ 

El-ghazaly, N.A., Habdel-aziz, E.S. 

and Dohaish, E.L.G.A.B.I.N., 2006. 

Effect of pollutants in coastal water of 

Jeddah on the 1-histological structure 

of gills and intestine of the fish 

Siganus rivulatus (Forskal). Saudi 

Arabia. Egyptian 

Journal of Aquatic Research, 34, pp. 

298-315. http://doi.org/ 

Evans, D.H., Piermarini, P.M. and 

Choe, K.P., 2005. The 

multifunctional fish gill: dominant 

site of gas exchange, osmoregulation, 

acid-base regulation, and excretion of 

nitrogenous waste. Physiological 

Reviews, 85(1), pp. 97-177. 

http://doi.org/ 

Freire, M.M., Amorim, L.M.F., Buch, 

A.C., Gonçalves, A.D., Sella, S.M., 

Cassella, R.J., Moreira, J.C. and 

Silva-Filho, E.V., 2020. Polycyclic 

aromatic hydrocarbons in bays of the 

Rio de Janeiro state coast, SE-Brazil: 

http://doi.org/
https://doi.org/10.1016/j.marpolbul.2019.110769
http://doi.org/
http://doi.org/


Iranian Journal of Fisheries Sciences 21(4) 2022                               1082 

 

Effects on catfishes. Environmental 

Research, 181, 108959 P. 

http://doi.org/ 

10.1016/j.envres.2019.108959 

Hadi, A.A. and Alwan, S.F., 2012. 

Histopathological changes in gills, 

liver and kidney of fresh water fish, 

Tilapia zillii, exposed to aluminum. 

International Journal of Pharmacy & 

Life Sciences, 3(11), pp. 81-96. 

http://doi.org/ 

Haque, S., Mondal, S., Kundu, D. and 

Ghosh, A.R., 2017. Effect of multiple 

polycyclic aromatic hydrocarbons 

(PAHs) on liver of three teleostean 

fishes Labeobata, Labeorohita and 

Cirrhinusmrigala in Burdwan Loco 

Tank, Burdwan, West Bengal, India. 

Austin Environmental, Sci, 2(1), 1017 

P. 

Hameed, A.M. and Al-Azawi, A.J., 

2016. Acute and chronic effects of 

water soluble fraction WSF of diesel 

fuel on common carp (Cyprinus 

carpio L. 1758). Journal of 

International Environmental 

Application and Science, 11(4), pp. 

331-345. http://doi.org/ 

Hedayati, A., Darabitabar, F., Bagher, 

T., Moradzadeh, M. and Jafari, O., 

2017. Effect of Lethal Concentration 

of Commercial Gasoline on Caspian 

Roach (Rutilus caspicus). Avicenna 

Journal of Environmental Health 

Engineering, 3(1), 5409-5409. 

http://doi.org/ 10.17795/ajehe-5409 

Herrera, M., Vargas‐Chacoff, L., 

Hachero, I., Ruíz‐Jarabo, I., 

Rodiles, A., Navas, J.I. and 

Mancera, J.M., 2009. 

Osmoregulatory changes in wedge 

sole (Dicologoglossa cuneata Moreau, 

1881) after acclimation to different 

environmental salinities. Aquaculture 

Research, 40(7), pp. 762-771. 

http://doi.org/10.1111/j.1365-

2109.2008.02147.x 

Hesni, M.A., Savari, A., Sohrab, A.D. 

and Mortazavi, M.S., 2011. Gill 

histopathological changes in milkfish 

(Chanos chanos) exposed to acute 

toxicity of diesel oil. World Applied 

Sciences Journal, 14(10), pp. 1487-

1492. http://doi.org/ 

Ismail, M.F., Bishi, R.M., El-shebly, 

A.A., Abdeen, S.H. and 

Elbaghdady, H.A.M., 2009. 

Histological study on the effects of 

gasoline on the gills of Nile Tilapia, 

Oreochromis Niloticus (L). The 

egyptlan Journal of Experimental 

Biology (Zoology), 5, pp.255-262. 

http://doi.org/ 

Jahanbakhshi, A. and Hedayati, A., 

2013. Gill histopathological changes 

in Great sturgeon after exposure to 

crude and water soluble fraction of 

diesel oil. Comparative Clinical 

Pathology, 22(6), pp. 1083-1086. 

http://doi.org/10.1007/s00580-012-

1531-5 

Kazempoor, R., Haghighi Khiabanian 

Asl, A., Motallebi, A.A. and Alaie, 

E., 2020. Pathological alterations in 

response to water soluble fraction of 

Iranian crude oil in gill of yellow fin 

sea bream Acanthopagrus latus 

(Houttuyn, 1782). Iranian Journal of 

Fisheries Sciences, 19(2), pp. 833-

846. 

http://doi.org.10.22092/ijfs.2020.121120 

https://doi.org/10.1016/j.envres.2019.108959
http://doi.org/
https://doi.org/10.17795/ajehe-5409


1083 Modaberi et al., Histological effects of water-soluble fraction of diesel (WSFD) on liver, gill, … 

 

Khan, R.A., 2003. Health of flatfish 

from localities in Placentia Bay, 

Newfoundland, contaminated with 

petroleum and PCBs. Archives of 

Environmental Contamination and 

toxicology, 44(4), pp. 0485-0492. 

Khatun, N., Nayeem, J., Hossain, S. 

and Kibria, M.M., 2021. Heavy 

metals contamination: possible health 

risk assessment in highly consumed 

fish species and water of Karnafuli 

River Estuary, 

Bangladesh. Toxicology and 

Environmental Health 

Sciences,13(12), pp. 1-14. 

http://doi.org/10.1007/s13530-021-

00101-w 

Maktabi, P., Baboli, M.J., Jafarnejadi, 

A.R. and Sary, A.A., 2015. Mercury 

concentrations in common carp 

(Cyprinus carpio) tissues, sediment 

and water from fish farm along the 

Karoun River in Iran. In Veterinary 

Research Forum Faculty of 

Veterinary Medicine, Urmia 

University, Urmia, Iran. 6(3), 217 P. 

Mccallum, E.S., Krutzelmann, E., 

Brodin, T., Fick, J., Sundelin, A. 

and Balshine, S. 2017. Exposure to 

wastewater effluent affects fish 

behaviour and tissue-specific uptake 

of pharmaceuticals. Science of the 

Total Environment, 605, 578-588. 

http://doi.org/ 

10.1016/j.scitotenv.2017.06.073 

Mohammed, A.J. and Hameed, A.M., 

2018. Enzymatic and histological 

changes in common caep fish 

(Cyprinus Carpio) after chronic 

exposure to insoluble diesel fuel in 

water. Biochemical and Cellular 

Archives, 18(2), pp.1633-1646. 

http://doi.org/ 

Moreira, C.B., Rodrigues, R.V., 

Romano, L.A., Gusmão, E.P., 

Seyffert, B.H., Sampaio, L.A. and 

Miranda-Filho, K.C., 2014. 

Genotoxicity and histological 

alterations in grey mullet Mugil liza 

exposed to petroleum water-soluble 

fraction (PWSF). Environmental 

Science and Pollution Research, 

21(8), pp. 5565-5574. http://doi.org/ 

10.1007/s11356-013-2440-0 

Nogueira, L., Rodrigues, A.C.F., 

Trídico, C.P., Fossa, C.E. and de 

Almeida, E.A., 2011. Oxidative 

stress in Nile tilapia (Oreochromis 

niloticus) and armored catfish 

(Pterygoplichthys anisitsi) exposed to 

diesel oil. Environmental Monitoring 

and Assessment, 180(1), pp. 243-255. 

http://doi.org/ 

Olyaei, S.R., Sharifpour, I. and 

Bakhtiari, A.R., 2014. In vitro study 

of histopathological effects of Pyrene 

oil composition on some vital organs 

of carp (Cyprinus carpio). Journal of 

Fisheries Science & Technology, 

3(3),pp. 39-53. http://doi.org/ 

Pacheco, M. and Santos, M.A., 2002. 

Biotransformation, genotoxic, and 

histopathological effects of 

environmental contaminants in 

European eel (Anguilla anguilla L.). 

Ecotoxicology and environmental 

safety, 53(3), pp. 331-347. 

http://doi.org/10.1016/S0147-

6513(02)00017-9 

Pal, S., Kokushi, E., Cheikyula, J.O., 

Koyama, J. and Uno, S., 2011. 

Histopathological effects and EROD 

https://doi.org/10.1016/j.scitotenv.2017.06.073
http://doi.org/
https://doi.org/10.1016/S0147-6513(02)00017-9
https://doi.org/10.1016/S0147-6513(02)00017-9


Iranian Journal of Fisheries Sciences 21(4) 2022                               1084 

 

induction in common carp exposed to 

dietary heavy oil. Ecotoxicology and 

Environmental Safety, 74(3), pp. 307-

314.http://doi.org/10.1016/j.ecoenv.2

011.01.003 

Prakash, S., Prabhahar, M., 

Sendilvelan, S., Venkatesh, R., 

Singh, S. and Bhaskar, K., 2019. 

Experimental studies on the 

performance and emission 

characteristics of an automobile 

engine fueled with fish oil methyl 

ester to reduce environmental 

pollution. Energy Procedia, 160, pp. 

412-419. 

http://doi.org/10.1016/j.egypro.2019.

02.175 

Rodrigues, R.V., Miranda-Filho, K.C., 

Gusmão, E.P., Moreira, C.B., 

Romano, L.A. and Sampaio, L.A., 

2010. Deleterious effects of water-

soluble fraction of petroleum, diesel 

and gasoline on marine pejerrey 

Odontesthes argentinensis larvae. 

Science of the Total Environment, 

408(9), pp. 2054-2059. 

http://doi.org/10.1016/j.scitotenv.201

0.01.063 

Rheubert, J.L., Cook, H.E., Siegel, 

D.S. and Trauth, S.E., 2017. 

Histology of the urogenital system in 

the American bullfrog (Rana 

catesbeiana), with emphasis on male 

reproductive morphology. Zoological 

Science, 34(5), pp. 445-451. 

http://doi.org/ 

Sharifpour, I., Abtahi, B., Heidary 

Jamebozorgi, F., Seyfabadi, S.J. 

and Taghizadeh, R.Z., 2011. 

Experimental assessment of the 

histopathological effects of water-

soluble fraction of crude oil on gill 

tissue of juvenile Rutilus frisii kutum. 

Iranian Scientific Fisheries Journal, 

20(1), pp. 89-100. http://doi.org/ 

Simonato, J.D., Albinati, A.C. and 

Martinez, C.B.R., 2006. Effects of 

the water soluble fraction of diesel 

fuel oil on some functional parameters 

of the neotropical freshwater fish 

Prochilodus lineatus Valenciennes. 

Bulletin of Environmental 

Contamination and Toxicology, 

76(3), pp. 505-511. http://doi.org/ 

Simonato, J.D., Guedes, C.L. and 

Martinez, C.B., 2008. Biochemical, 

physiological, and histological 

changes in the neotropical fish 

Prochilodus lineatus exposed to diesel 

oil. Ecotoxicology and Environmental 

Safety, 69(1), pp. 112-120. 

http://doi.org/10.1016/j.ecoenv.2007.

01.012 

Sobhan Ardakani, S. and Jafari, S.M., 

2015. Metals analysis in common carp 

(Cyprinus Carpio) from Shirinsu 

wetland, Hamedan province, Iran. 

Archives of Hygiene Sciences, 4(4), 

pp. 172-178. http://doi.org/ 

Teh, S.J., Deng, X., Deng, D.F., Teh, 

F.C., Hung, S.S., Fan, T.W.M., Liu, 

J. and Higashi, R.M., 2004. Chronic 

effects of dietary selenium on juvenile 

Sacramento splittail (Pogonichthys 

macrolepidotus). Environmental 

Science & Technology, 38(22), pp. 

6085-6093. 

http://doi.org/10.1021/es049545+ 

Vanzella, T.P., Martinez, C.B.R. and 

Cólus, I.M.S., 2007. Genotoxic and 

mutagenic effects of diesel oil water 

soluble fraction on a neotropical fish 

species. Mutation Research/Genetic 

Toxicology and Environmental 

Mutagenesis, 631(1), pp. 36-43. 

http://doi.org/ 

10.1016/j.mrgentox.2007.04.004 

https://doi.org/10.1016/j.ecoenv.2011.01.003
https://doi.org/10.1016/j.ecoenv.2011.01.003
http://doi.org/
https://doi.org/10.1016/j.egypro.2019.02.175
https://doi.org/10.1016/j.egypro.2019.02.175
https://doi.org/10.1016/j.scitotenv.2010.01.063
https://doi.org/10.1016/j.scitotenv.2010.01.063
http://doi.org/
http://doi.org/
https://doi.org/10.1016/j.ecoenv.2007.01.012
https://doi.org/10.1016/j.ecoenv.2007.01.012
https://doi.org/10.1021/es049545+
https://doi.org/10.1016/j.mrgentox.2007.04.004



