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Abstract 

Diclofenac, the anti-inflammatory drug, is found in natural water bodies all over the world. 

Toxicological researches of diclofenac report harmful effects on aquatic species even at low 

concentrations. The aim of present study was to determine whether diclofenac affected on the 

gills, liver and kidney of common carp (Cyprinus carpio). In order to evaluate toxic effects of 

diclofenac as NASIDs (non- steroidal anti-inflammatory drugs) in fish, common carp was 

exposed to diclofenac concentrations of 1.25 mg L
-1

, 2.5 mg L
-1

 and 5 mg L
-1

. The effects of 

diclofenac on the fish were investigated by histopathological observations on a weekly basis 

over a 21 day experiment period. The histopathological examinations of diclofenac exposed 

fish revealed alteration of the kidney such as hyaline droplet, increasing of interstitial cells, 

shrinkage of glomeruli, and the presence of melanomacrophages and necrosis of epithelial 

cells of tubules. In the gills, the predominant findings consisted of epithelial hyperplasia, 

telangiectasia, clubbing, lamellar fusion and increasing of mucosal cells. Also observed 

histopathological alteration in liver, included, presence of melanomacrophages in hepatocyts, 

degeneration and vacuolation of hepatocyts and necrosis of hepatocytes. The most alteration 

was comparatively in the gills and liver. However the gills, livers and kidney sections of the 

two control groups exhibited normal structure. The results of this study showed that 

diclofenac could be harmful for C. carpio.  
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Introduction 

Pharmaceutical pollutions have become a 

matter of attention as being toxic in 

aquatic environments, due to the fact that 

many of these compounds have been 

shown to reach considerably high 

concentrations within surface waters and 

STP (sewage treatment plant) effluents 

(Stumpf et al., 1996; Heberer and Stan, 

1998; Heberer, 2002; Sacher et al., 2001; 

Ternes, 1998). Nevertheless, low-

concentrations and long-term effects of 

pharmaceuticals in non-target organisms 

such as fishes have not been investigated 

carefully (Fent et al., 2006).  

    The non-steroidal anti-inflammatory 

drugs (NSAIDs) are among the most 

commonly found drugs in the aquatic 

environment (Santos et al., 2010).The new 

report of the Ministry of  Health, treatment 

and medical education of Iran shows that 

huge amounts of diclofenac was consumed 

in Iran in 2015 (http://www.fda.gov.ir). 

There are some reports on the occurrence 

of pharmaceutical pollution in Iran, and 

few studies have been done to remove 

Diclofenac from drinking water (Eslami et 

al., 2015; Salmani et al., 2017). There was 

no research about the concentration of 

pharmaceutical pollution in the Caspian 

Sea, but it is likely that there are high 

concentrations of diclofenac in some 

places close to drug factories and sewage 

of coastal cities in the south of the Caspian 

Sea.  

    The effect of pharmaceuticals upon 

aquatic organisms are in most cases 

restricted to short term acute response such 

as lethality in algae, invertebrates, and fish 

(Webb, 2001). 

    Based on these facts 1) pharmaceuticals 

in general display highly specific effects 

and are intended to be used on purpose in 

vertebrates partly over longer periods of 

time and 2)Serval studies have been done 

on the unwanted side effects of diclofenac 

on non-target animals during  

ecotoxicological studies (Schwaiger et al., 

2004). 

     Pharmaceuticals reach the aquatic 

environment continuously leading to 

chronic exposure of aquatic organisms. 

Histopathology was applied to detect 

diclofenac included organ lesions, and 

parallel to this, electron microscopic 

investigations were conducted to 

characterize the cellular and sub cellular 

reactions on the ultrastructural levels 

(Triebskorn et al, 2004). In addition 

residuals of diclofenac in rainbow trout, 

Tench and Zebra fish were analyzed by 

histopathological methods (Hoeger et al., 

2005; Praskova et al., 2014; Stancova et 

al., 2014). All mentioned researches, have 

confirmed that vital organs of exposed 

fishes have been affected by diclofenac.   

    This research was carried out to 

investigate the conceivable effects of 

diclofenac as NSAIDs, on some vital 

organs of Cyprinus carpio. This is one of 

the most used drugs in Iran which enters 

aquatic environments via incomplete 

treatments of wastewaters in the south 

coast of the Caspian Sea. 

 

Materials and methods 

Fish preparation and adaptation 

A 21 day experiment was carried out 

within July to September 2015 in Iran by 

using common carp (C. carpio) as the test 

organism. Fish were caught from Syjeval 

fish hatchery ponds located in Torkman 

Port at Golestan Province, in the north of 

Iran and transferred to the laboratory of 

http://www.fda.gov.ir/
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Islamic Azad University in Tehran. Two 

weeks before the experiment, fish with an 

average body weight of 30±5 g; and 

average body length of 16.1±1.02 cm were 

stocked in aquaria (with volume of 140 

liters of water) and aeration was provided 

with an air pump for 24 h. for adaptation. 

After the adaptation period, fish of similar 

mean weight were separated and survival 

test was performed with three replications: 

20 fish were used in each replication, at a 

density of 3.5g L
-1

. Aeration was provided 

at all times and a photo period of 12:12 

(L:D) was used. Fish were fed at the rate 

of 1% body weight and 50% of water was 

exchanged daily (Guiloski et al., 2015). 

 

Treatment and replication design 

Fish were categorized in 5 treatments each 

with 3 replications. According to 96 h 

LC50=70.98mg L
-1

 of diclofenac in C. 

carpio (Islas-Flores et al., 2013), Fish 

were exposed to nominal concentration of 

1.25, 2.5 and 5 mg L
-1

 of diclofenac. To 

control for possible side effects of the 

solvent used, an additional group of fish 

was exposed to 0.12 dimethylsulfoxid 

(DMSO) (Saravan et al., 2011).  Control 

fish were maintained without any 

treatment in natural water. All treatments 

and control aquaria were regularly checked 

for chemical and physical parameters 

(temperature: 25
◦
 C; dissolved oxygen: 5.2 

mg L
-1

; pH: 7.1; conductivity: 633µS cm
-1

; 

hardness: 266 mg CaCO3
-1

) (APHA, 

1998). 

    The test substance, diclofenac (purity: 

99.9%) was purchased from Sobhan Daroo 

Ind. in Iran. To obtain the final test 

concentration, diclofenac was diluted in 

DMSO to obtain a stock solution 

containing 100g diclofenac L
-1

. 

At this stage, pharma volume that is 

necessary for the preparation of treatments 

was calculated by C1V1=C2V2 from which 

the first stock solution was prepared and 

then used with regard to concentrations 

(Happ et al., 2008). 

 

Histopathological examinations 

Random sampling was done from each 

treatment and replication on days 7, 14 and 

21 after exposing fish to diclofenac. Three 

fish per group were anaesthetized in clove 

essence at a dose of 1:1000, and 

subsequently sacrificed and their  liver, 

gills and kidneys were removed, fixed in 

buffered formalin (10%) and processed 

following routine (Praskova et al., 2014). 

Microscopic sections were taken at 5 µm 

and stained with hematoxylin and eosin 

(H&E). After a qualitative 

histopathological assessment of tissue 

alteration, by observation under 

microscope (Nikon ECLIPSE90i 

microscope connected with the digital 

camera Nikon DS5U1), both the degree 

and severity of histopathological 

alterations were evaluated. Briefly, a 

ranking was used (Sharifpour et al., 2014). 

 

Results 

Histopathological findings 

Histopathological images by light 

microscopy are summarized in tables 1-3. 

The light microscopic examination of the 

gills, liver and kidney did not reveal any 

histopathological alterations neither in 

control fish nor in solvent (DMSO) control 

fish.  

    The main alterations of the gills 

occurred in exposed fish including 

telangiectasia, epithelial hyperplasia, 

increasing of mucosal cells, epithelial 
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lifting, lamellar fusion and clubbing. The 

predominant findings showed the degree 

and severity of gill damage increased 

significantly after exposure to 1.25 mg L
-1

 

and higher diclofenac concentrations 

compared with the control level. 

 

 

Table 1: Histopathological finding of Cyprinus carpio gills exposed to various sublethal concentrations of 

diclofenac. 

Day 21 Day 14 Day 7  

5 

mg L-1 

2.5 

mg L-1 

1.25  

mg L-1 

5  

mg L-1 

2.5  

mg L-1 

1.25  

mg L-1 

5  

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 
 

+++ + + ++ ++ + ++ + + Epithelial 

hyperplasia 

+++ +++ ++ ++ ++ ++  + - Telangiectasis 

++ ++ ++ ++ ++ + + + + clubbing 

+++ ++ + ++ + + + + - Increasing of 

mucosal cells 

+++ ++ + ++ ++ - ++ + - Lamellar 

fusion 

+ + - + + - + + - Epithelial 

lifting 

+ = mild changes (10 percent changes in  X40 objective microscopic view). 

++=moderate changes (20 percent changes in X40 objective microscopic view). 

+++=severe changes (more than 20 percent changes in X40 objective microscope view). 

 

 

 
Figure 1: Photomicrograph of the normal gills in control (A) and diclofenac 

treated (B-D) gills of Cyprinus carpio (A) showing the normal 

appearance of gill filaments and the lamellae (H&E,  X40 objective). 

B) Fusion   and congestion of the gill lamella  (arrow heads)of C. 

carpio   14 days after exposure to 1.25 mg L
-1

 diclofenac (H&E,  X40 

objective). C). Fusion  and disappearing of secondary lamellae (arrow 

heads) of the gill of C. carpio after 14 days of exposure to 

diclofenac1.25 mg L
-1

, (H&E,  X40 objective) D) Clubbing of the gill 

of C. carpio after exposure to 2.5 mg L
-1

 diclofenac for 21 days (arrow 

heads) (H&E,  X40 objective). 
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The kidney of diclofenac–exposed fish 

showed distinct renal changes. This 

alteration consisted of a severe hyaline 

droplet, degeneration of tubular epithelial 

cells, shrinkage of glumerli, increasing of 

interstitial cells, necrosis of glumeuli and 

presence of melanomacrophages. 

 

 

Table 2: Histopathological finding of Cyprinus carpio kidney exposed to various sublethal concentrations 

of diclofenac at 25◦C. 
Day21 Day14 Day7  

5 

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 

5 

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 

5 

mg L-1 

2.5  

mg L-1 

1.25 

mg L-1 

 

+++ +++ ++ +++ ++ + - - - General necrosis of 

hypatocytes 

+ + - + + - - _ _ Presence of 

melanomacrophages 

+++ + ++ ++ ++ ++ + + + Hypertrophy of hepatocytes 

+ - - - _ - + - - Sinus dilation 

+++ ++ ++ +++ ++ + + + + Vacuolar degeneration of 

hepatocytes 

+ + - ++ + - - - - Cloudy swelling of 

hepatocytes 

+ = mild changes (10 percent changes in  X40 objective microscopic view). 

++ = moderate changes (20 percent changes in X40 objective microscopic view). 

+++ = severe changes (more than 20 percent changes in X40 objective microscope view).

Figure 2: Photomicrograph of the normal kidneys in control (A) and diclofenac treated (B-D) 

kidneys of Cyprinus carpio (A) showing normal appearance of the glomerulus and 

the Bowman’s space (arrow heads), proximal and distal tubules (arrows) (H&E, X40 

objective). B) Degeneration of cells of distal tubules (D), and cloudy swelling 

degeneration and necrosis (N) of the kidney tubules  (C) of C. carpio after exposure 

to 1.25mg L
-1

 diclofenac for 7 days.  (H&E, X40 objective). C) Presence of 

melanomarophages (M) in the kidney of C. carpio after 14 days exposure to 1.25 mg 

L
-1

 diclofenac ( H&E,  X40 objective). D) Degeneration of kidney (D) of C. carpio 

after 21 days exposure to 2.5 mg L
-1

 diclofenac (H&E,  X40 objective). 

 

Alteration of Diclofenac – exposed liver, 

showed distinct changes. These alterations 

consisted of degeneration of hepatocyts, 

vacuolation of hepatocyts, necrosis, 

congestion and presence of 

melanomacrophages. 
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Table 3: Histopathological findings of Cyprinus carpio liver exposed to various sublethal concentrations of 

diclofenac at 25 ⁰C. 
Day21 Day14 Day7  

5 

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 

5 

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 

5 

mg L-1 

2.5 

mg L-1 

1.25 

mg L-1 

 

+ + + + - - - - - Hyalin droplet 

+++ ++ + ++ ++ + + + + Degeneration of tubular 
epithelial cells 

++ ++ ++ ++ ++ + ++ ++ + Necrosis of glomerular 

+++ ++ + +++ ++ + ++ ++ + Increasing of interstitial 
cells 

++ + + ++ + + + - - Shrinkage of  glomeruli 

++ + + + + + - + + Presence of 
melanomacrophages 

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

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

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

 
Figure 3: Photomicrograph of the normal liver (A) and diclofenac treated 

(B-D) of Cyprinus carpio (A) showing normal aspect of 

hepatocytes (arrow head). B) General necrosis of hepatocytes 

(arrow heads) of the liver of C. carpio after 7 days exposure to 

1.25 mg L
-1 

diclofenac. C) Sinus dilation (S) and general necrosis 

(small circles) of hepatocytes of the liver of C. carpio after 7 days 

exposure to 1.25 mg L
-1 

diclofenac (H&E, X40 objective). D) 

General necrosis of hepatocytes (arrow heads) of the liver of C. 

carpio after 7 days of exposure to 1.25 mg L
-1 

diclofenac (H&E, 

X40 objective ). 

 

The trend of alteration in gills, liver and 

kidney progressed with increase in 

concentration and time of exposure, 

whereas the most alterations were after 21 

day exposure to the highest concentration 

of diclofenac in this study. 

 

Discussion 

Diclofenac represents a widely applied 

antiphlogistic and antirheumatic drug with 

an estimated prescription amount all over 

the world.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

     The goal of the present study was to 

detect possible effects of diclofenac on the 

vital organs of C. carpio. Examination of 

vital organs such as gills, kidney and liver 

of C. carpio exposed to three different 

concentrations diclofenac for three weeks 

showed that the severity of tissue damage 
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depends on the concentration and duration 

of exposure.  

    The most contact between fish and 

polluted water occurred in the gills.  Gill 

tissue damage and changes in the immune 

response against the toxin and pollution 

was studied by Reddy and Rawat (2013). 

The gills separate the blood from the water 

only by a few micrometers (Wood and 

Soivio, 1991) which not only facilities the 

exchange of gases, but also allows the gill 

tissue to be exposed to variations in the 

environment. Consequently, the existence 

of toxic materials in the environment 

causes alterations in the vital functions 

carried out by the gills and changes in the 

morphologic structure of the gills 

(Poleksic and Mitrovic –Tutundzic, 1994). 

     The present study, revealed severe 

alternation of the gills in diclofenac 

exposed C. carpio  The predominant 

finding, which occurred after exposure, 

consisted of epithelial hyperplasia, 

telangiectasia, clubbing and lamellar 

fusion. At higher concentrations, 

hyperplasia and fusion of lamellae were 

particularly remarkable in 14 and 21 days 

post exposure. 

    Epithelial hyperplasia reduces contact 

between water and gills and consequently 

in a reduction of the ion and gas 

exchange. In the present study, diclofenac 

causes dilation of blood vessels and the 

accumulation of blood cells. Changes in 

pillar cells and blood vessels increase 

blood flow in the lamella (Martinez et al., 

2004). Alteration like hyperplasia and 

hypertrophy of epithelial cells, and fusion 

of some secondary lamellae are examples 

of defense mechanisms, which generally 

result in increasing the distance between 

the external environment and the blood, 

which acts as a barrier preventing the entry 

of contaminants (Mallatt, 1985; Hinton 

and Lauren, 1990; Poleksic and Mitrovic-

Tutundizc, 1994; Fernandes and Mazon, 

2003). According to various studies lifting 

is always caused by edema of secondary 

lamella. This phenomenon can be a 

defense mechanism. Severe epithelial 

separation plates increase the distance 

between the pollutant and blood 

flow (Arellano et al., 1999). Telangiectasia 

aggregation and accumulation of 

erythrocytes in the secondary lamella 

occur due to the destruction of capillary 

pillar cells (Hadi and Alwan, 2012). 

Fusion and hyperplasia occurred due to 

increased mitotic divisions in the epithelial 

layers of the epithelium of the gill plates 

(Karlsson et al., 1985). Also suggested 

hyperplasia and fusion of secondary 

lamellae was caused by the toxin, which 

changes the ingredients of glycoproteins in 

mucosal cells, finally detaching the next 

lamella (, 1989; Kantham and Richards, 

1995). Histopathological alteration like 

hyperplasia, epithelial lifting and fusion of 

some secondary lamellae are defense 

mechanisms of the body that increase the 

distance between the blood and the 

environment, preventing pollution to the 

body of the fish (Fernandes and Mazon, 

2003). 

     It is assumed that gill alternation might 

interfere with normal respiratory function. 

Such histopathological alterations have 

been reported by other workers using 

diclofenac on other species of fish. In trout 

exposed to diclofenac, degeneration and 

necrotic changes of pillar cells as well as 

dilation of capillary was reported 

(Schawaiger, et al., 2004). Also brown 

trout (Salmo trutta fario) exposed to 
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diclofenac resulted in telangiectasia in gills 

(Hoeger et al., 2005), while no effects of 

chronic exposure of Zebra fish (Danio 

rerio) to diclofenac was reported 

(Praskova et al., 2014). In a project, Wolf 

et al. (2014) reviewed histopathologic 

specimens from three laboratory studies of 

diclofenac in trout. The results showed that 

diclofenac exposure included increased 

thickening of the gill filament tips in fish 

exposed to diclofenac. 

     Kidneys, in all fish are one of the first 

organs that are affected by water 

pollutants. Due to the importance of all the 

waste, the aim of the present study was to 

evaluate the histologic changes induced by 

diclofenac in C. carpio.  

    In this study, histopathological 

examination of diclofenac –exposed fish 

revealed alternation of the kidney such as 

increase in interstitial tissue, hyaline 

droplet, and degeneration of the tubular 

epithelial cells and presence of 

melanomacrophages. Impairments of the 

renal function is likely to also occur in fish 

after chronic exposure. Nephrotoxity of 

diclofenac is thought to be mainly due to 

the inhibition of prostaglandin synthesis 

and acts by inhibiting one or both isoforms 

of the cyclooxygenase enzymes COX-1 or 

COX-2, involved in the synthesis of 

prostaglandins (Gagné et al., 2006). 

Diclofenac is thought to be the most toxic 

member of this group the effect of which 

is known to occur by damaging renal and 

gastrointestinal tissue across several 

vertebrate taxa (Happ et al., 2008). 

Degeneration of epithelial cells of tubules 

distinguished cellular hypertrophy in 

teleost (Happ et al., 2008).  The 

destruction of the kidney glomeruli may 

also be the result of drugs which disrupt 

the structure and function of the 

glomeruli. Also melanomacrophage may 

result in destruction of blood cells (Agius 

and Roberts, 2003). Contaminants in fish 

habitats can cause non-specific immune 

system changes. Melanomacrophage can 

be resized physiologically or the effects of 

pollutants in the melanomacrophage in 

kidney and can change spleen 

size (Kelley-Reay and Weeks-Perkins, 

1994). 

     The kidney lesion in rainbow trout, at 

least partly seems to be comparable to 

those found in other diclofenac exposed 

rainbow trout and brown trout (Hoeger et 

al., 2005). However, no alternation was 

observed with the same exposure in Zebra 

fish (D. rerio) (Praskova et al., 2014).  

    Liver in fish is the place for metabolism, 

which has an important role in the 

detoxification of pollutants from the whole 

body. Expected alteration in hepatocytes 

of exposed fish to diclofenac, is used as a 

tool in toxicology researches. Also 

hepatocytes of fish are considered as a 

biomarker in polluted water (Altinok et al., 

2006). Hepatocellular injury based on the 

concentration and duration of exposure, 

and other cases are different (Reddy and 

Rawat, 2013). 

    The histopathological alterations 

observed in liver of diclofenac – exposed 

carp included congestion of blood vessels 

and sinus dilation, melanomacrophages 

aggregates, degeneration of   hepatocytes 

and necrosis. The findings of this study 

indicated hepatic sinusoidal dilation in fish 

exposed to concentrations of 5, 2.5 and 

1.25mg L
-1

 of diclofenac.  

    The severity of these injuries increased 

with increasing concentrations of 

diclofenac. In the liver of fish exposed to 
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diclofenac, vacuolization of hepatocyte 

necrosis was observed. It seems that the 

formation of vacuoles in hepatocytes is a 

defensive action in the face of diclofenac 

and to prevent the release of the 

drug. Abnormal accumulation of 

triglycerides and other fats may lead to the 

creation of vacuoles in hepatocytes and 

ultimately necrosis is associated with 

tissue damage (Kelly and Janz, 2009). 

Formation of vacuoles in hepatocytes is a 

defensive mechanism (Mollendorff, 

1973) raising material damage and 

preventing disruption of the biological 

activity of the organ. (Hadi and Alwan, 

2012).  Total damage observed in the liver 

led to inhibition of the release of toxins in 

the body of other fishes. (Klaassen and 

Warkins, 1984). High liver enzyme is also 

a potential for the destruction of toxic 

compounds. Sinus dilation could be 

considered as a defense mechanism of fish 

to dilute the poison in blood and to boost 

the immune system. However, Braunbeck 

et al. (1990) reported that increase of 

metabolical activity caused   alteration in 

shape and size of cells to eliminate the 

injured materials. Sand and his college 

believed that necrosis of hepatosites 

through the inhibition of DNA synthesis is 

required for the growth and maturation of 

cell contaminants (Sand et al., 1997). 

    The presence of melanomacrophages 

may be due to exposure of fish to 

diclofenac and inflammation in the body 

of fish. Melanomacrophages are also 

naturally present in the fish in the 

production of blood cells in the spleen and 

kidney and liver (Agius and Roberts, 

2003). Severe damage to the liver in the 

fish Cyprinus carpio increased with 

increasing concentrations of diclofenac. 

The hepatocytes have undergone several 

stages of degeneration before the complete 

necrosis. The result of our study showed 

that hepatocytes were quite sensitive to 

diclofenac. When the toxin entered the 

liver via the hepatic portal vein, it is 

removed by a process known as pre-

systemic hepatic elimination. This process 

prevents or at least minimizes, the 

distribution of foreign chemicals to other 

parts of the body (Klaassen and Warkins, 

1984).The liver shows a high potential of 

enzymatic degeneration of toxic 

compounds, but it may be itself adversely 

affected by their high concentration 

(Bruslé and Anadon, 1996). The 

histopathological changes in vital organs 

of Cyprinus carpio exposed to diclofenac 

in this study were similar to other reports 

about this toxin. Liver tissue damage in 

fish exposed to diclofenac has been 

reported by several authors (Tribeskorn et 

al., 2004; Wolf et al., 2014; Praskova et 

al., 2014). Similar changes in the liver of 

brown trout and rainbow trout exposed to 

diclofenac have been reported (Hoeger et 

al. 2005( It was demonstrated that 

diclofenac was not completely excreted 

through first pass metabolism in brown 

trout, but that a significant part of the 

applied diclofenac entered hepatic 

circulation and increased monocyts in the 

liver (Hoeger et al., 2005). 

     Praskova et al., (2014), demonstrated 

histopathological alteration in Zebrafish 

(D. rerio) in subchronic exposure of 

diclofenac, and the range of sublethal 

concentrations of diclofenac (5, 15, 30 and 

60 mg L
-1

) was for 28 days. Therefore, it 

seems C. carpio is more sensitive than D. 

rerio. 
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In conclusion, the present study shows that 

diclofenac can cause serious 

histopathological alternations in vital 

organs of C. carpio. The histopathologic 

analysis of fish organs has been used as a 

tool that is extremely important in the 

evaluation of the toxic effects of 

diclofenac on carp. The severity of 

histopathological changes depend on 

toxicant dose and time of exposure of fish 

to diclofenac. 
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