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Abstract 
The present study was designed to evaluate histopathological effects of 4-nonylphenol (NP), in fish, 

Channa punctatus. ½ of LC50 value was selected as a sublethal concentration for acute exposure (96 

hours), while for sub chronic exposure safe application rate was calculated and 1/10th of it was used for 

the sub chronic exposure (30, 60 and 90 days). Liver, gill and kidney tissues were analyzed for estimating 

histological studies. Different histopathological changes after acute exposure like necrosis, vacuolar 

degeneration, fatty changes and congestion were observed in the liver, while hyperplasia, congestion, 

degeneration was found in the gill. In the kidney focal area of necrosis, vacuolar degeneration and 

congestion were seen mainly. On the other hand, during sub chronic exposure gill showed fused 

secondary lamellae, atrophy in gill filament and telangectasia, while fatty cyst formation and 99% of 

vacuolar degeneration were seen in hepatocytes. Kidney after sub chronic exposure resulted in pyknosis, 

atrophy, hypertrophy, hyperplasia, hyperchromic haemopoietic cells, fibrosis and glomular nephritis.  
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1. Introduction 

Increased industrialization results into increased environmental pollution and has become a 

major problem worldwide. The list of endocrine disruptors is extensive with over 800 

compounds [1] covering herbicides, plastic contaminants, biocides, personal care products and 

pharmaceuticals. These come under the priority list of contaminants for which concern have 

been raised. Among them one EDC is nonylphenol ethoxylate (NPE) and has been found in 

aquatic environment. NPEs are utilized as raw materials for cleaners, emulsifiers and wetting 

agents [2]. NPE can enter in to environment through variety of sources such as industrial waste, 

drain from an urbanized area. Most worrying consequences are its wide use increase possible 

exposure pathway for humans. It has been shown toxic to fish, amphibian, mollusks [3]. NPE 

break down to NP and short nonylphenol ethoxylates in the environment after microbial 

degradation. NP and short chain nonylphenol ethoxylate possess strong lipophilicity, toxicity, 

cumulative property and estrogenic effect [4].  

Biomarkers are interesting tools to study the mechanism of action of toxins and to detect early 

responses of organism. Histopathological studies give useful data of concerning tissue changes 

prior to external manifestation and have recently achieved an important place in morpho-

toxicology [5]. During contamination process in fish, pollutants cross biological barriers of the 

gill epithelium and skin for direct route and the wall of the digestive tract for indirect route [6]. 

They accumulate mainly in metabolically active tissues such as kidney, liver and gill. 

One of the great advantages of using histopathological biomarkers in environmental 

monitoring is that this category of biomarkers allows examining specific target organs, 

including the gills, kidney and liver, that are responsible for vital functions, such as 

respiration, excretion and the accumulation and biotransformation of xenobiotics in the fish [7, 

8]. Furthermore, the alterations can considered as warning signs of damage to animal health [9] 

as these easier to identify than functional ones [10].  

Aquatic ecosystem is often impacted by chemical pollution originated from consumer 

products; therefore fish provide an excellent model for monitoring the toxicity in aquatic 

system because they are extremely sensitive to pollutants [11]. Fish is a suitable indicator for 

monitoring environmental pollution because they concentrate pollutants in their tissues 

directly from water and likewise through their diet, 
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therefore enabling the assessment of transfer of pollutants 

through the trophic web [12]. Channa punctatus is an 

established vertebrate model in toxicity testing and becoming 

more popular due to its hardy nature13. So the present study is 

conducted to see the effect of 4-NP on histopathology of fish 

C. punctatus. 

 

2. Material and methods 

2.1 Experimental fish specimen and chemicals 

Freshwater air-breathing fish C. punctatus was procured from 

local fish market of Amritsar. Study was conducted in 2015. 

The specimens had an average weight and length of 16.50± 

2.14g and 11.40 ± 2.01cm, respectively. Fish specimens were 

subjected to a prophylactic treatment by bathing twice in 

0.05% potassium permanganate (KMnO4) for 2 minutes to 

avoid any dermal infections. The specimens were then 

acclimatized for two weeks under laboratory conditions in 

semi-static systems. They were fed with boiled eggs. The 

fecal matter and other waste materials were siphoned off daily 

to reduce the ammonia content in water. 4-nonylphenol used 

in the present study was obtained from Himedia (India). A 

stock solution was prepared by dissolving NP in ethanol as a 

carrier solvent. 

 

2.2 Determination of sub-lethal concentrations 
To determine the 96 h LC50 value of 4-Nonylphenol, acute 

toxicity bioassay was conducted in the semi-static system in 

the laboratory with the change of test solution on every day to 

maintain the similar concentration of the chemical. This study 

was conducted under the OECD guideline No. 203 in the 

semi-static test conditions. In order to eliminate the leaching 

potential of nonylphenol, plastic material was avoided and 

glass aquaria of 200 liter capacity were used for the 

experiment. The 96 h LC50 value of 4-nonylphenol was 

determined as 1.27 mg/l for C. punctatus [14], following the 

probit analysis method as described by [15]. Based on the 96 h 

LC50 value, the two test concentrations of NP viz; sub-lethal 

concentration I (SL-I; 1/2nd of LC50 = 0. 635mg/l) for acute 

exposure and concentration II (SL-II 1/10th of LC50= mg/l) for 

sub chronic exposure were estimated and used for the in vivo 

experiment. 

 

2.3 In vivo exposure experiment 

The fish specimens were exposed to the three aforementioned 

test concentrations of NP in a semi-static system with the 

change of test water on every day to maintain the 

concentration of the NP. The exposure was continued up to 96 

h (four days) in acute exposure while for 30, 60, and 90 days 

in sub chronic exposure and tissue sampling was done at the 

rate of five fish per time interval. The specimens maintained 

in tap water were considered as negative and in ethanol as 

positive control. On each sampling day, the liver, kidney and 

gill cells were collected and immediately processed for MN 

assay. The physicochemical properties of test water, namely 

temperature -23.9±0.19, pH -7.4±0.20, dissolved oxygen-

3.2±0.30mg/l, total alkalinity-16.65±0.30, free CO2- 8±0. 

23mg/l, TDS - 0.4±0.01g/l, TSS - 0.5±0.01, TS- 0.9±0.02g/l 

were analyzed by standard methods [16]. 

 

2.4 Histopathological test- 

At the end of exposure for 96 hours for acute and 30, 60 and 

90 days for sub chronic, the fish were taken from each 

replicate. The gill arches of the fish were excised from both 

sides. Fish were dissected, the abdominal cavity was operated 

and the liver and kidney were excised quickly and were fixed 

in 10% formalin buffer as a histological fixative. According 

to17, the specimens were processed as usual in the recognized 

method of dehydration, cleared in xylene and finally 

embedded in paraffin wax before being sectioned at 5 μm 

using a rotary microtome. The specimens were stained with 

hematoxylin and eosin. Finally, the prepared sections were 

examined and photographed under 10 x and 40x 

magnifications using a light microscope Olympus CX21.  

 

3. Result and Discussion 

Environmental monitoring by using histopathological 

techniques is having the advantage that it allows us to 

examine specific organs like liver, gill and kidney which are 

the vital organs. So in the present study, we studied the 

histological changes in the liver, gill and kidney. Different 

kinds of histopathological changes are also observed in liver, 

gill and kidney cells. Earlier histopathological studies of NP 

exposed fish were mainly related to alterations in the gonads 
[18, 19] due to its potent estrogenic properties. Histopathological 

investigations involving gill, liver and kidney of fish after NP 

exposure specially sub chronic exposures are very scarce [20, 

21, 22]. Histopathological changes has been reported in fish as a 

result of different kind of exposure [20, 21, 23].  

In the present investigation gill showed congestion, 

cougulative necrosis, hyaline degeneration of muscles in 

muscularis mucosa and hyperplasia after acute exposure 

(Plate-2), while sub chronic exposure for 90 days lead to 

fusion of secondary lamellae, atrophy, hyperplasia, 

underdeveloped filament, typical congestion and telangectasia 

(Plate-5). Lamellar fusion is one of protective mechanism 

which decreases the area of the gill. Secondary lamellae 

fusion and hyperplasia are the defensive mechanisms as both 

these changes lead to formation of barrier between blood and 

the contaminants, as well as diminish the amount of 

vulnerable gill surface, but this may result in respiratory 

failure and problem with ionic and acid base balance [24]. 

pointed out that change in the gill epithelium cell such as cell 

hypertrophy, cell proliferation and epithelial lifting may 

represent a defense response. These changes increase the 

distance across which water borne irritants must diffuse to 

reach the blood stream. Hyperplasia of gill epithelial cells was 

also noticed in the gill of fish exposed to the Porland cement 

powder in solution after 96 h of exposure [22, 23]. reported 

necrosis and hyperplasia of epithelial cells in the gills of G. 

affinis after exposure to Deltamathrin [26]. observed 

hyperplasia in gill epithelial cells of fish O. niloticus after 

exposure to lead acetate. Similarly [27] reported hyperplasia in 

gill epithelial cells in rainbow trout after exposure to 

nanoparticles. After long term exposure telangiectasia was 

observed in gill tissue [28]. Similar to this [29] visualized 

hyperplasia, vacuolization and telangiectasia in C. mrigala 

after exposure to pesticide lambda-cyhalothrin. Further [30] 

observed congestion, telangiectasia and hyperplasia in gill of 

fish Hydrocynus vittatus after treatment with DDT [31]. found 

necrosis, vacuolar degeneration, fusion and atrophy of 

primary and secondary gill lamellae. 

In case of liver both acute and sub chronic exposure lead to 

variable size fat vacuoles, necrosis of hepatocytes, vacuolar 

degeneration and fatty changes (Plate-1 & 4). Mild congestion 

is also seen in sinocytes. The vacuolization of hepatocytes 

might indicate an imbalance between the rate of synthesis of 

substances in the parenchymal cells and the rate of their 

release into the systemic circulation [32]. Moderate fatty 

vacuolation of the hepatocytes in monosex Nile tilapia 

exposed to deltamethrin was observed by [33]. Vacuolization of 
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the hepatocytes is described as a signal of the degenerative 

process by34. 35described it as a cellular defense mechanism 

against chemical which are injurious to hepatocytes and may 

result into collecting the injurious element and preventing 

them from interfering with the biological activities. 

Vacuolization is the result of inhibition of protein synthesis, 

microtublues disintegration and energy depletion [36 37]. have 

found cytoplasmic vacuoles in hepatocytes of Trichogaster 

trichopterus after exposure to paraquat. The large vacuole 

forces the nuclei to the periphery. A similar change was 

observed by [38] in fish O. niloticus when exposed to 60Co 

gamma radiation. 

Depletion of the glycogen in the hepatocytes is usually found 

in stressed animals [39], because the glycogen acts as a reserve 

of glucose to supply the higher energy demand occurring in 

stressed situations [40]. The fatty degenerative changes seen in 

liver cells may be due to a decrease in the rate of utilization of 

energy reserve or pathological enhanced synthesis [41 42]. 

observed inflammation, central necrosis and cell degeneration 

of liver tissue of O. aureus juveniles after treating them to 

phenol [43]. reported that the hepatic parenchyma of fish 

exposed to copper showed cytoplasmic vacuolation and 

hepatocellular necrosis. Degeneration in liver tissue and 

necrosis of central vein, necrosis in kidney tubules in Goldfish 

(C. auratus) due to chromium exposure was found by [44]. 

Fatty changes degeneration and necrosis were seen in the liver 

of C. carpio in response to chromium. Swelling and 

vacuolation of hepatocytes and shifting of nucleus toward one 

side along with mild inflammation is reported in fish Esomus 

danricus exposed to malathion. 

After acute exposure of fish to 4-NP, kidney cells exhibited 

focal area of necrosis, vacuolar degenerations and congestion 

(Plate-3). But sub chronic exposure (Plate-6) leads to great 

renal toxicity and show hypertrophy of haemopoietic tissue 

(a), necrosis, nephritis (e), hemorrhage (c), hyperplasia, 

inflammation, pyknosis, atrophy, vacuolar degeneration (f) 

congestion and fibrosis (e). With increase in concentration of 

NP, congestion, vacuolar degeneration in tubular epithelium 

and focal area of necrosis are also observed. Necrosis implies 

premature cell death due to the exposure of pollutants and 

leads to degeneration. Necrosis in kidney leads to affect the 

haemopoietic machinery [45]. observed tubular necrosis in the 

kidney cells exposed to herbicide and emphasized it to be an 

indicator of renal toxicity. Hypertrophy reduces the 

interlamellar space and leads to complete lamellar fusion 

which reduces the surface area, but if the pollutant exposure 

last for longer time it can lead to hemorrhagic foci. Tubular 

nephritis and hyperplasia in epithelial cells of the kidney were 

observed by [46] in fish C. gariepinus exposed to sniper 

1000EC [46]. observed tubular necrosis, pyknotic nuclei, 

coaugulative necrosis, and renal tubular degeneration in 

kidney of rainbow trout after exposure to maneb and carbaryl 

[48]. observed hypertrophy of haemopoietic tissue, necrosis, 

pyknotic nuclei and tubular necrosis in the kidney cells of fish 

Rasbora daniconius when exposed to paper mill effluent. 

Chromium is reported to induce necrosis, atrophy and 

pyknotic nuclei in fish C. carpio [29]. Nephrotoxicity observed 

in the present study after subchronic exposure is much more 

extensive then the hepatotoxicity, indicating that 4-NP have 

more severe effect on kidney cells in long term exposure and 

it may impose a negative impact on the ability of kidney to 

perform osmoregulation and excretion. Similar results were 

obtained by [49] in Zebra fish after 4-NP exposure. 

During the present study different kinds of histopathological 

changes are observed in the gill, liver and kidney of C. 

punctatus after exposure to nonionic surfactant 4-

nonylphenol. The surfactants are known to exert antimicrobial 

activity by binding to various proteins and phospholipids of 

membranes. Binding leads to increase in the permeability of 

membranes. And the formation of vesicles, causing leakage of 

compounds with low molecular mass. This results in cell 

death due to the damage through loss of ions or amino acids 

[50]. Increased ion permeability and sodium efflux of gill has 

been reported for rainbow trout exposed to 4-nonylphenol [51]. 

NP found to adversely affect the active transport of calcium to 

sarcopalsmic reticulum and cause cell death [52, 21]. have also 

demonstrated that observed necrosis and a decrease in cell 

membrane permeability along with vocalization in liver of 

rainbow trout exposed to NP is mediated by inhibition of 

calcium pump. Similar results were found by Bhattacharya et 

al. (2008) on fish, rosy barb after the exposure to NP. Further, 
[53] revealed that hepatocytes of fish O. mossambicus after 

exposure to 4-NP show vacuolization, necrosis and decrease 

in the number of nuclei. 

 
Table 1: Histopathological changes in gill, liver and kidney tissues after acute and sub chronic exposure of 4-NP 

 

Tissue 
96 hours (Acute 

exposure) 
30 Days 60 Days 90 Days 

Gill 

 Hyperplasia 

 Cogulative necrosis 

 Congestion 

 Vacuolar 

degeneration 

 Necrosis in gill 

arches 

 Necrosis in 

secondary lamellae 

 Congestion of blood 

vessels 

 Focal area of fused 

secondary lamellae 

 Cogulative necrosis 

 Atrophy of gill filaments 

 Hyperplasia of chloride 

cells 

 Underdeveloped 

filaments 

 Fusion of secondary lamellae 

 Congestion of blood vessels 

 Cogulative necrosis at the tip 

of primary lamellae 

 All the secondary lamellae 

got fused 

 Typical congestion (90%) 

of gill 

 Telangectasia 

Liver 

Severe  hydrophic 

degeneration (99%cells 

effected 

Focal area of cogulative 

necrosis 

Fatty changes 

Severe congestion 

Fatty liver leads to the 

formation of fatty cyst 

Mild to moderate fatty 

changes 

Focal area of cogulative 

necrosis 

 

Mild to severe fatty changes 

(almost all cells affected) 

Focal area of cogulative necrosis 

 

Severe fatty changes 

Variable size of vacuole in 

hepatocytes (pull the nucleus 

towards side) 

Fatty cyst formation 

Vacuolar degeneration (99% part 

affected) 

Kidney Deformation of kidney Messenglio proliferative Hypertrophy of glomerular Severe hemorrhage 
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tubules 

Cellular swelling 

Vacuolar degeneration 

necrosis 

 

glomerulo nephritis 

Mild inflammation 

Hyperplasia and hypertrophy 

of haemopoiteic tissue 

Degeneration and necrosis in 

renal tubules 

Pyknosis 

Atrophy 

Hypertrophy of messenglial 

cells 

 

messenglial cells 

Focal area of tubular necrosis 

Hypertophy and hyperplasia in 

haemopoitic cells 

Vacuolar degeneration 

Messenglio proliferative 

glomerulo nephritis 

Atrophy of haemopoitic cells 

Haemopoitic cells become 

hyperchromic, large nucleus size 

and irregular cell wall 

Focal area of necrosis 

Degeneration 

Congestion 

Tubular necrosis 

Glomerular nephritis 

Focal area of interstitial nephritis 

Proliferation of messenglial cells 

Fibrosis 

 

 

 
 

Plate 1: Photomicrographs (a-d) showing sections of liver (a) hepatocytes in control (b) necrosis (c) vacuolar degeneration (d) formation of fatty 

cyst 

 

 
 

Plate 2: Photomicrographs (a-d) showing sections of gill (a) gill filament of control (b) necrosis (c) hyperplasia and congestion (d) degeneration 

of muscles 
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Plate 3: Photomicrographs (a-d) showing sections of kidney (a) control kidney (b) necrosis (c and d) tubular degeneration 

 

 
 

Plate 4: Photomicrographs (a-d) showing sections of liver of C. punctatus after sub chronic exposure (a) coagulative necrosis (b) mild fatty 

changes (c) severe fatty changes (d) fatty cyst formation 
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Plate 5: Photomicrographs (a-f) showing sections of gill of C. punctatus after subchronic exposure. (a and b) atrophy in gill filaments and 

underdeveloped gill filaments (c) typical congestion of blood vessels in gill (d) coagulative necrosis at the tip of primary lamalle (e) fused 

secondary lamellae (f) telangectasia 
 

 
 

Plate 6: Photomicrographs (a-f) showing sections of kidney of C. punctatus after subchronic exposure. (a) hypertrophy of haemopoiteic tissue 

(b) fibrosis (c) severe hemorrhage (d) degeneration of haemopoietic tissue (e) nephritis (f) tubular degeneration 

 



 

~ 498 ~ 

Journal of Entomology and Zoology Studies 
 

4. Conclusion 

Conclusively our study indicated that structural modifications 

found in this study are a result of acute damage associated 

with short term exposure and chronic response due to long 

term exposure to 4-NP. Liver, gill and kidney were found to 

be sensitive tissues. Nephrotoxicity was found to be more 

comparative to other tissues. 
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