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Abstract: The present study was conducted to examine the potential histopathological changes caused by a 

herbicide, acrolein, in the liver of Carassius auratus (goldfish). Fish were exposed to 1, 5 and 25 µg/L 

acrolein for 96 h. Liver tissues were removed, fixed with Bouin’s fluid and embedded in paraffin. 5 µm 

serial sections were stained with hematoxylin eosin and the samples were investigated by light microscopy. 

Acrolein treatment gave rise to sinusoidal dilatation and congestion, vacuolar degeneration, hemorrhage, 

lymphocyte infiltration, presence of enlarged melanomacrophagic centers, cloudy swelling, nucleolus 

absence, and necrosis. These results are important for paying attention to acrolein usage limits and its 

contamination in the aquatic environment. 
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1. Introduction 

Pesticides are kind of agrochemicals that have been widely used to control pests. They are 

described as any substance(s) that kills, prevents, mitigates or restricts the population size of 

unwanted organisms. There are over 500 compounds are registered as pesticides world-wide 

[1,2]. Classification of pesticides can be variable, however the type that based on the target 

organisms (e.g. insecticides, herbicide) is may be the most used. Herbicides are designed to 

control plants that they are the most commonly used pesticide type compared with insecticides 
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and fungicides [3]. However, it’s reported that many herbicides adversely affect various non-

target vertebrate organisms [4-8]. These chemicals are generally show mobility between 

different environmental phases and enter into aquatic ecosystems via direct use or drift, wash 

off and drain from the agricultural sites and/or the application area [9].  

Acrolein (C3H4O) is the most reactive and highly electrophilic α,β-unsatured aldehyde that is 

generated from the burning processes of gasoline, fuels, cigarettes, woods, plastics [10]. It is 

directly injected below the surface of irrigation canals as a herbicide to control submerged and 

floating weeds; the concentration of acrolein in the irragation systems can be reached up to 15 

ppm [11-13]. It can be also produced endogenously through lipid peroxidation in various 

tissues by normal cellular metabolism [14,15]. 

The toxic effects of acrolein can emerged following inhalation, ingestion, dermal exposure or 

systemically after absorption [10]. Due to it’s high reactivity, acrolein shows its toxicity 

through rapid binding and depleting the cellular thiols or other nucleophiles like glutathione 

(GSH). Reactions with thiols may affect gene expression or acrolein can directly interact with 

genes and transcription factors [16,17]. It leads to genotoxicity and cytotoxicity [18], 

including liver damage and hepatocyte death [19]. 

The liver is a multifunctional internal organ that is responsible for various vital processes such 

as bile secretion, metabolism of carbohydrates, proteins and fats; production of vitellogenin, 

detoxification and inactivation [20,21]. 

The aim of this study was to investigate the adverse effects of acrolein exposure on the liver 

tissue of goldfish, Carassius auratus. 

 

2. Materials and Methods 

Goldfish were obtained from a commercial supplier. Fish were 3.7-4.2 cm in lenght and 3.87-

5.8 g in weight. They were acclimated in our laboratory for two weeks before the treatment. 
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Specimens were maintained in a 100 L glass tank with dechlorinated tap water at 26±2 ºC and 

in natural daylight and darkness. Fish were fed with Sera Goldy twice a day. 

Acrolein (analytical standard) (CAS No: 107-02-8) was purchased from Sigma-Aldrich. 

Sublethal concentrations were determined as 1, 5 and 25 µg/L and they were prepared by 

diluting a more concentrated stock solution (100 mg/L). Specimens were divided into four 

groups randomly and five fish were used for each experimental and chemical-free control 

groups in separate tanks. Test solutions were not renewed and a static toxicity test system was 

conducted for 96 h. After the treatment, all the fish were anaesthetized with MS222 (tricaine 

methanesulfonate) (Sigma), livers were removed and fixed in Bouin’s fluid for 24 hr. 

Specimens were dehydrated in ethanol, treated with xylol and embedded in paraffin. 5 µm 

cross sections were stained with Mayer’s hematoxylin eosin (H-E). Histopathological 

alterations were examined by light microscopy and the images were taken with Zeiss Axio 

Scope A1 equipped with Zeiss Axiocam ERc5s.  

 

3. Results 

Control samples exhibited normal histological structure and no histopathological alteration 

was observed. Hepatocytes were the parenchymal cells of the liver which were polygonal in 

shape. They were clearly observed around the central veins (Fig 1a). Sinusoids were the 

capillary networks lined with endothelial cells and surrounded by hepatocytes (Fig 1b).  

The samples of 1 µg/L acrolein treatment group showed sinusoidal dilatation and congestion 

(Fig. 2a), vacuolar degeneration of hepatocytes (Fig 2b), hemorrhage, lymphocyte infiltration 

(Fig 2c) and necrosis (Fig 2d). 
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FIGURE 1. Normal histological structure of liver tissue of C. auratus from the control group. a) 

Central vein (CV), polygonal hepatocytes (arrowheads) and parenchyma (P) of the liver. b) A 

sinusoid (S). (H-E staining). 

 

 

FIGURE 2. 1 µg/L acrolein treatment. a) Sinusoidal dilatation (↔) and congestion (C). b) 

Vacuolar degeneration (arrows). c) Hemorrhage (circled) and lymphocyte infiltration 

(arrowheads). d) Necrosis (N). (H-E staining). 
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The histopathological alterations of the 5 µg/L acrolein treatment group were detected as 

sinusoidal dilatation and congestion (Fig. 3a), hemorrhage (Fig. 3b) and necrosis (Fig. 3c).      

 

FIGURE 3. 5 µg/L acrolein treatment. a) Sinusoidal dilatation (↔) and congestion (C). b) 

Hemorrhage (circled). c) Necrosis (N). (H-E staining).     

25 µg/L acrolein treatment caused progressive degeneration with cloudy swelling (Fig. 4a), 

enlarged melanomacrophagic center formation (Fig. 4b), congested areas in the parenchyma 

(Fig. 4c), nucleolus absence in the hepatocytes with non-discerned boundaries (Fig 4d), and 

necrosis (Fig. 4e) were observed in the liver of goldfish. 
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FIGURE 4. 25 µg/L acrolein treatment. a) Progressive degeneration with cloudy swelling 

(arrows). b) A melanomacrophagic center (white arrow). c) Congested areas (circled). d) 

Nucleolus absence (arrowheads) in the hepatocytes with non-discerned boundaries. e) 

Necrosis (N). (H-E staining). 
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4. Discussion 

Liver is a helpful internal structure to observe the toxicity of environmental pollutants. Our 

results clearly indicated that acrolein exposure caused distinct histopathological alterations in 

the liver of C. auratus. Several studies on investigation the effects of herbicides to non-target 

organisms especially the teleost fish have been conducting for a long time. However, there is 

only limited studies that have focused on the adverse effects of acrolein on various tissues of 

freshwater teleosts [22].  

Acrolein gave rise to sinusoidal dilatation and congestion, vacuolar degeneration of 

hepatocytes, hemorrhage, lymphocyte infiltration, cloudy swelling, enlarged 

melanomacrophagic center formation, nucleolus absence and necrosis in the goldfish liver. 

Figueiredo-Fernandes et al. [23] revealed that paraquat caused vacuolization like 

parenchymatic alteration, increase of melanomacrophage aggregates and eosinophilic granular 

cells, and necrosis in the liver of Oreochromis niloticus. It was reported that clomazone 

caused hepatocyte vacuolization in Rhamdia quelen [24]. Peebua et al. [25] stated that O. 

niloticus treated with alachlor showed hydropic swelling of hepatocytes and vacuolization in 

the liver. Yerbimat exposure induced increasing vacuolization in the hepatic cells and fibrosis 

in Goodea atripinnis [26]. Mela et al. [27] noted that atrazine treatment resulted in leukocyte 

infiltration, hepatocyte vacuolization, increase in melanomacrophage numbers and necrosis in 

R. quelen. 2,4-D exposed Poecilia vivipara liver showed hepatocyte vacuolization, nuclear 

swelling and micronuclei [28].  

Glyphosate hepatotoxicty in fish have been frequently examined histologically by several 

authors. In Cyprinus carpio sinusoidal congestion and early fibrosis were observed [29]. 

Jiraungkoorskul et al. [30] reported hydropic swelling of hepatocytes with some pyknotic 

nuclei and severe leucocyte infiltration in the liver of O. niloticus. Ayoola [31] also noted 

vacuolization of hepatocytes and necrosis in the same species. Vacuoles in the cytoplasm, 

hyperemia, cytoplasmic and nuclear degeneration and hypertrophy, pyknotic nuclei were 
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determined in Prochilodus lineatus [32]. The liver of glyphosate treated Piaractus 

mesopotamicus showed enlargement of sinusoids, hepatocyte hypertrophy, lipid droplets, 

peripherally located nuclei, nuclear deformation and degeneration, absence of nucleoli, and 

necrosis [33]. 

The findings of the current paper and the results of the previous histopathological studies are 

majorly similar to each other that it shows once again the alterations are not chemical specific. 

Hepatic sinusoidal dilatation and congestion might be related to venous outflow impairment 

and it could be observed by inflammatory diseases [34]. Brancatelli et al. [35] indicated that 

sinusoidal dilatation could be caused by not only hepatic venous outflow obstruction but also 

it could be associated with pericardial disease, heart failure, and extrahepatic inflammatory 

conditions. Vacuolization of the hepatocytes might be due to the imbalance rate conditions of 

the synthesized and released materials by the hepatocytes [36,30]. Abdel-Moneim et al. [37] 

noted that vacuolization might be resulted from lipid dystrophies. Hemorrhage is arised 

internal or externally as a result of the injury of a blood vessel. Lymphoid cell infiltration 

might be caused by a response to inflammation or necrosis [27]. Cloudy swelling is occured 

when the parenchymal cells are disable to maintain the ionic and fluid homeostasis or it may 

be due to cytoplasmic degeneration and macromolecular crowding caused by leakage of 

lysosomal hydrolytic enzymes [38,39]. Increased melanomacrophagic centers are thought to 

be related with biotransformation capacity of the liver [40,23]. It’s also emphasized that 

melanomacrophagic aggregates might be associated with degenerative necrotic conditions 

[41]. Shiogiri et al. [33] noted that deformation of cellular membranes, degenerative nuclei 

and absence of the nucleoli indicated that the beginning of necrosis in consequence of 

chemical exposure. Necrosis is mainly associated with oxidative stress [42,37,27] and 

oxidative stress is related with cellular damage which may be due to the free radicals react 

with the lipids of the cell membrane and affect its structure irreversibly [43,26].  
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The histopathological alterations observed in the liver of goldfish exposed to acrolein might 

be probably caused by cytotoxic and highly electrophilic character of the chemical by 

depleting cellular nucleophiles such as GSH and leave the hepatocytes vulnerable to oxidative 

damage. Liver is responsible for detoxification of xenobiotics and has many other metabolic 

functions. Such effects on the liver may lead to malfunctions and metabolical disorders in the 

organism. These results should pay attention to acrolein contamination and usage limits for 

environmental safety. 
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