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INTRODUCTION 

The pollution of aquatic ecosystems is increasing at an 

alaraming rate due to the discharge of industrial waste 

and untreated sewage directly into the aquatic 

environment aquatic environment (Donat et al. 2020). 

Laundry and cleaning chemicals are commonly used 

substances in everyday life and are used in large 

quantities (Doyinsola and Kafilat 2020). Currently, the 

global use of surfactants increases every year and is 

estimated to exceed US$28.8 billion until 2023 

(Bryckietal. 2017). As a result, the components of 

detergents enter into the aquatic environment and are 

relatively toxic to aquatic organisms. Recent studies has 

been focused on laundry and cleaning chemicals induced 

environmental risks and its association with aquatic life. 

Among the contaminants found in this sewage, effluents 

are organic pollutants such as detergents, which can 

cause severe toxicity problems for the fish and other 

forms of aquatic biota (Uc-Peraza and Delgado-

Blas 2012). Detergents are mixtures of different cationic 
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ABSTRACT 

Detergents are extensively used chemicals at home and in industry, and most of their ingredients are highly toxic to 

aquatic organisms. The aims of the study is to investigate the effect of a common laundry detergent, Ariel on 

mitochondrial oxidative stress and histopahtological damage of liver and gill tissues of freshwater fish, Channa 

Punctatus. The lethal concentration (LC50) of Ariel detergent for 96 hours was 32 ppm. To evaluate the detergent-

induced toxicity, the fish were exposed to 1/5th of 96h LC50 concentration (6.4 ppm) for a period of 7 and 14 days. 

Detergent caused a significant decrease in the activities of superoxide dismutase (SOD), catalase (CAT), 

glutathione-S-transferase (GST), glutathione reductase (GR), and glutathione (GSH) levels, whereas the activity of 

xanthine oxidase (XO) and MDA levels increased in both liver and gill tissues after 7 and 14 days exposure to 

detergent. Histopathology of liver tissue from the treated group showed morphological impairments characterized 

by loosely arranges, irregularly distributed, and degenerated hepatocytes with increased sinusoidal space and 

vacuolization, whereas gill tissue showed hyperemia in the afferent and efferent branchial arteries and congestion 

in the secondary lamellae after 7 and 14 days detergent exposure while secondary lamellae of 14 days exposed 

group exhibit a tendency of curling and fusion with adjacent lamellae at the terminal part. However, among the 

groups, 14 days exposed group exhibited significant perturbations in selected oxidative stress markers and 

histopathological impairments than seven days exposed group; further, the toxic effect of detergent was higher in 

gill tissue than liver tissue. In conclusion, our results demonstrate that Ariel strongly induces oxidative stress in 

mitochondria associated with histological alterations in liver and gill tissues suggesting that the deleterious effect 

caused by the detergent was maybe due to combined effect of the ingredients of Ariel detergent further Ariel-

induced pathological impariemnts were found to be dose and time-dependent. 
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and anionic surfactants and additives such as water 

softeners, preservatives, bleaching agents, pigments, 

enzymes, foam stabilizers, colorants, perfumes, and other 

minor constituents (Bajpai and Tyagi 2007). However, 

most of these ingredients of cleaning products are 

persistent pollutants and cause various toxicities to the 

fish and other aquatic organisms (Uc-Peraza and 

Delgado-Blas. 2012). The synthetic detergents reaching 

the aquatic environment are of particular concern as they 

can potentially adversely affect aquatic organisms. 

Synthetic detergents are made with different surfactant 

ingredients, such as alkyl benzene sulfonate (ABS), 

dodecylbenzene sulfonate (DBS), and alkyl lauryl 

sulfonate (LAS) and additives (Uc-Peraza and Delgado-

Blas 2015, PROFEPA 2002). In recent years, a very few 

studies have investigated the toxic effects of the principal 

constituent of detergents and other components of 

detergents with their toxic effects assessed in algae 

(Jonsson 2009), Daphnia Magna (Pettersson et al. 2000), 

microalgae (Azizullah et al. 2011), and their genotoxic 

effects in human leukocytes (Pedrazzani et al. 2012). 

However, fish can be considered one of the most reliable 

models to assess the impact of pollution in the freshwater 

systems as they quickly respond to stress from cellular to 

population levels (Begum et al. 2005). 

 

The surfactants have been demonstrated to damage the 

cell membrane of living cells by producing oxidative 

stress and damage of biomolecules in organisms (Li et al. 

2015). Detergents at low concentrations affect cell 

membrane permeability and disturb cellular metabolism 

(Argese et al.1994), resulting in depletion of stock due to 

massive fish mortalities and other aquatic fauna (Me-Hui 

2008). Bradai et al. (2014) reported that synthetic 

detergent LAS is a complex mixture of anionic 

surfactants and causes ROS production leading to tight 

junction disruption and cytotoxicity in human Caco-2 

cells. It has also been documented that detergents and 

their components induce tissue damage and 

histopathological degradations to vital organs such as the 

liver, kidney gills, skin, heart, and brain of fishes (Kumar 

et al. 2007, Varsha et al. 2013) by increasing ROS and 

oxidative stress. The increased ROS is neutralized by the 

specific antioxidant enzymes and non-enzymatic 

antioxidants such as catalase (CAT), superoxide 

dismutase (SOD), glutathione peroxidase (GPx), and 

glutathione (GSH). However, the antioxidant system 

may have been inhibited due to excess free radical 

generation due to altering the ability of the enzymes to 

protect against oxidative damage (Shukla and Trivedi 

2018). Experimental studies also demonstrated that 

exposure to high concentrations of these products causes 

changes in fish behavior producing erratic movements, 

muscular spasms, and body torsion (Cserhati et al. 2002). 

Recently, few studies investigated the acute toxicity of 

common household detergents, Surf, Tide and Nirma, 

and found that fishes exhibited several behavioral and 

biochemical changes, reduced oxygen consumption, and 

loss of body balance (Chandanshive 2013 and 2015, 

Choudary and Jha, 2013). A commercial detergent Ariel 

was found to induce adverse effects on oxidative 

enzymes and proteins of liver and heart and degenerative 

changes in the respiratory lamellae, and the chronic 

exposure led to drastic changes like separation of 

epithelium layer and atrophy in Oreochromis 

mossambiccus (Nkpondion et al. 2016, Ubong et al. 

2015, Raju et al. 1994). 

 

The toxicity of the major components of commercial 

detergents to various aquatic organisms has been 

reported relatively well. However, the effects of 

detergent as a whole have rarely been considered. 

Further, these components can interact either 

antagonistically, additively, or synergistically towards 

toxicity in the aquatic environment (Warne and 

Schifko 1999). Further, investigating the effects of 

surfactants or other ingredients individually does not 

reflect their actual or net influence of a detergents on the 

aquatic environment; thus, it is necessary to estimate the 

biological effects of detergent formulations whole 

(Azizullah et al. 2011, Markina and Aizdaicher 2007). 

Considering the information mentioned above, this study 

aimed to determine the mean lethal concentration (LC50) 

of Ariel commercial detergent as a whole and aims to 

evaluate detergent-induced oxidative stress and its 

consequent histopathological impairments using 

freshwater fish Channa punctatus. The study's findings 

will significantly illuminate the underlying mechanism 

of aquatic toxicology elicited by a commonly used 

laundry detergent. 

 

MATERIALS AND METHODS 

Fish maintenance and Experimental design 
Healthy Adult Channa Punctatus with mean weight 50 ± 

2g and mean standard length 10 ± 2cms were obtained 

from the fisheries department, Tirupati, Andhra Pradesh, 

India. Fishes were immediately transported to the 

laboratory treated with 0.05% KMnO4 solution for 2 

minutes to avoid dermal infection, kept in large cement 

tanks and supplied with clean dechlorinated tap water 

and were acclimatized for about 2 weeks before the 

experiment. Fish were fed with commercial feed to 

satiety twice daily and water was renewed every day to 

provide fresh water rich in oxygen and to prevent 

hypoxic conditions. 

 

Test Chemical: The commonly available laundry 

detergent Ariel (Procter & Gamble GmbH, Germany) 

obtained from the local market was used in this study, 

which is the most commonly used domestic detergent in 

India. 

 

Determination of Sub Lethal Concentration of Ariel 

(LC50) and Exposure 
To find out the approximate toxic range of the test 

chemical, healthy and almost equal-sized fish were 

exposed to different concentrations of Ariel. After 

finding the approximate toxic range, ten logarithmic 

concentrations were selected to determine the LC50 value 

of Ariel detergent. The concentration ranges chosen for 
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the Ariel detergent for the toxicity test on C. 

punctatus were ranged from 23 to 40 ppm, and the 

duration of the experiment was 96 hours. After 96 hrs, 

the LC50 was calculated using a modified method 

(Finney 1971, Stephan 1977). The fish were divided into 

four groups viz. a control group without any test 

chemical and two other treatment groups, exposed to 

1/10th of LC50 concentration of Ariel detergent for 7 and 

14 days. 

 

Mitochondrial Oxidative Stress Enzymatic Assays 
After the exposure period, on days 7 and 14, fishes were 

sampled of each group to remove their gills and liver. 

Homogenized tissues were stored at -80
0
C, until 

enzymatic determinations. 

 

Superoxide dismutase (SOD): SOD activity was 

determined according to the method of Misra and 

Fridovich (1972). The selected tissues were 

homogenized in ice-cold  phosphate buffer (50mM; pH 

7.0) containing EDTA (0.1mM). The homogenate (5%) 

were centrifuged at 10,000 rpm for 10 min at 4
0
 C. The 

supernatant (100 µl) was added to 880 µl carbonate 

buffer (0.05 M, PH 10.2, containing 0.1 mM EDTA) and 

20 µl of 30 mM epinephrine was added to the mixture. 

The optical density values were measured at 480 nm. 

The activity of the enzyme was expressed as superoxide 

anion reduced/mg protein/min. One unit is equal to 50% 

inhibition of the photoreduction. 

 

Catalase activity (CAT): CAT enzyme activity was 

measured according to the method of Aebi (1984). The 

tissue homogentates were centrifuged at 10,000rpm for 

10 min at 4
0
C. 10 µl of 100% EtOH was added to 100 µl 

of supernatant and then placed in an ice bath for 30 min. 

Then, the tubes were kept at room temperature and then  

10 µl of Triton X-100 was added. Then, 200 µl of 

phosphate buffer and 50 µl of tissue, and 250 µl of 0.066 

M H2O2 (in phosphate buffer) was added to cuvette. The 

optical density measured at 240 nm for 60s in a UV 

spectrophotometer. One unit of activity is equal to the 

micromoles of hydrogen peroxide (H2O2) degraded 

min/mg protein 

 

Glutathione peroxidase (GPx): GPx activity was 

measured in a coupled enzyme system by measuring the 

decrease of NADPH at 340 nm (Tappel et al 1982). The 

reaction mixture contained 48.5 μmol Tris-HCl buffer 

pH 7.8, 77 mM of EDTA, 0.25 μmol reduced glutathione 

(GSH), 0.12 μmol NADPH, 0.5 units (0.5 μmol NADPH 

oxidized per min) glutathione reductase, and 0.20 μmol 

cumene hydroperoxide. The extinction coefficient for 

NADPH at 340 nm of 6,200 M−1 cm−1 was be used in 

the calculations. The activity of GPx is given as 

micromoles NADPH oxidized/mg of protein/min. 

 

Glutathione reductase (GR): The GR activity was 

determined by measuring NADPH oxidation at 340 nm 

(Carlberg and Mannervik 1975). The reaction mixture 

contained 600 µl of buffer (0.1 M potassium phosphate + 

0.5 mM EDTA + 0.1 mM KCl; pH 7.5), 100 µl of 0.1 

mM NADPH, 100 µl of H2O and 100 µl of homogenized 

tissue. After 5 min of pre-incubation (37C), the reaction 

was initiated by adding 100 µl of 1 mM GSSG. The GR 

activity was expressed as µM NADPH oxidized/min/mg 

of protein. 

 

Glutathione-S-transferase (GST): GST activity was 

determined as per the method of Habig et al.(1974) with 

its conventional substrate, 1-Chloro 2, 4-Dinitro Benzene 

(CDNB) at 340 nm. The tissues were homogenized in 50 

mM tris-HCl buffer (pH 7.4) containing sucrose (0.2 M). 

The contents were centrifuged at 16,000 g for 45 at 4
0
C 

and supernatant was used as the enzyme source. The 

addition of glutathione initiated the reaction  to the 

reaction mixture contained 2.4 ml of 0.3 M potassium 

phosphate buffer (pH 6.9), 0.1 ml of 30 mM CDNB, 0.1 

ml of 30mM GSH, and 0.4 ml of enzyme source. The 

absorbance was read at 340 nm against the reagent blank, 

and the activity was expressed in µ moles of thioether 

formed/mg protein/min. 

 

Total Glutathione level (GSH): The level of total 

glutathione was assayed as reduced glutathione (GSH) 

by a spectrophotometric reader assay coupled with an 

enzymatic recycling method previously described by 

Rahman et al. (2006). This method for GSH involves 

oxidation of GSH by the sulfhydryl reagent 5,5′-dithio-

bis(2-nitrobenzoic acid) (DTNB) to form the yellow 

derivative 5′-thio-2-nitrobenzoic acid (TNB). An aliquot 

of 100 µL tissue homogenate was treated with 150 µL of 

a working mixture containing 0.5 mM DTNB and GRed 

(6.3 U/mL) prepared in a GSH buffer. Then, 50 µL of 1 

mM NADPH diluted in GSH buffer was added. The 

absorbance was measured at 412 nm and results were 

expressed in mg/g protein. 

 

Xanthine oxidase (XO): Xanthine oxidase activity was 

assayed by the dye reduction method of Srikanthan and 

Krishnamurthy (1955). The assay mixture contained 100 

µ moles of sodium phosphate buffer (pH 7.4), 50 µmoles 

of xanthine, 0.1 µ moles of NAD, 0.4 µ moles of INT. 

The reaction was initiated by the addition of enzyme 

source and then incubated for 30 min at 37
0
C. Later, the 

reaction was arrested by addition of 5 ml glacial acetic 

acid.The formazan formed was extracted into toluene 

(5ml) and measured at 495 nm against blank. The 

activity was expressed in micromoles of formazan 

formed per mg protein per hour. 

 

Lipid peroxidation (MDA levels): The MDA 

concentration was evaluated in liver and gills using the 

thiobarbituric acid (TBA) reaction described by Ohkawa 

et al. (1979). The tissues were homogenized (5% w/v) in 

50 mM phosphate buffer (pH 7.0) and centrifuged at 

10,000 rpm for 10 min at 4
0
C. The supernatant  was used 

for the estimation of MDA levels. 200 µl of the tissue 

extract was added to 50 µl of 8.1% SDS (sodium dodecyl 

sulphate), and then incubated for 10 min at room 

temperature. 375 µl of 20% acetic acid (pH 3.5) and 
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thiobarbituric acid (0.6%) were added and placed in a 

boiling water bath for 60 min. The samples were allowed 

to cool at room temperature. A mixture of 1.25 ml of 

butanol:pyridine (15:1) was added. The contents were 

centrifuged at 1000 rpm for 5 min. The colored layer was 

measured at 532 nm. The activity was expressed as 

MDA/mg protein/min. 

 

Protein Concentration: The protein concentration of 

samples was determined according to the method of 

Bradford (1976) to express enzymatic activities taking 

into account the protein content of the analyzed tissues. 

 

Histology analysis 
The tissues (liver and gill) fixed in 4% formaldehyde for 

24 h were subsequently dehydrated in gradient ethanol, 

cleared in xylene, and then embedded in paraffin. A 

section of 4-5µm on a rotary microtome (paraffin 

machine, Leica RM, Germany) and mounted on glass 

microscope slides. Sections of liver and gill tissues were 

stained with Delafield's hematoxylin and alcohol eosin 

and then air-dried. Histological images were captured 

using an optical microscope (Olympus, Japan). 

 

Statistical Analyses 
The data were expressed as the mean ± SD. Significant 

differences between groups were analyzed by one-way 

analysis of variance and Student-Newman–Keuls (SNK) 

post hoc test. The significance of the results was 

ascertained at p<0.05. Statistical analysis was performed 

with the SPSS computer program (SPSS Inc. Chicago, 

IL, USA). 

 

RESULTS 

96 h LC50 of Laundry Detergent 
In the present study, the percentage mortality of C. 

punctatus exposed to different concentrations of 

commercial detergent (Ariel) at 96 h is presented in Fig. 

1. The LC50 values at 96 h for the selected detergent 

tested from 23 to 40 ppm, the mean 96 h LC50 for fish 

species C. punctatus was determined as 32 ppm. 

However, 4-30% mortality was observed between 25 to 

29 ppm, 30 to 70% mortality was registered for 29 ppm 

to 34 ppm, and between 70 to 100% mortality was 

observed from 34 to 40 ppm. These results indicate that 

the percent mortality of C. punctatus increased with an 

increase in the concentrations of the detergent tested 

(Fig.1). 

 

Oxidative Stress Marker Enzymes 
Oxidative stress plays an important role in toxicity 

generated by laundry detergent, here we examined the 

effects of Ariel detergent on different antioxidant 

enzyme activities (superoxide dismutase (SOD), catalase 

(CAT), xanthine oxidase (XO), glutathione peroxidise 

(GPx), glutathione-s-transferase (GST), glutathione 

reductase (GR) and glutathione (GSH), and lipid 

peroxidation assay (MDA levels) in liver and gill tissues 

of fish C. punctatus. The effect of Ariel detergent on the 

activity of antioxidant enzymes in liver and gill tissue 

samples shown in Fig. 2 to Fig.9. Ariel detergent caused 

a time-dependent decrease in CAT, GPx, and GR 

activities and GSH levels, while the activities of XO and 

GST showed a time-dependent increase in liver and gill 

tissues after 7 and 14 days exposure when compared to 

controls. On the other hand, SOD activity showed an 

increase after 7 days of exposure, whereas 14 days 

exposure group showed a decrease in SOD activity in 

liver and gill tissues of fish. Detergent exposure exerted 

significant perturbation in all the enzyme markers was 

greater in 14 days exposed group (-24.2% in liver & -

47% in gill in SOD; -31.2% in liver & -42.3% in gill in 

CAT; 31% in liver & 29.4%in gill in XO; -30.3% in liver 

& -42.2% in gill in GPx; -30.9% in liver & -37.6% gill in 

GR; -31.2% in liver & -51.2% in gill in GST and -36.2% 

in liver & -42.3 in gill in GSH) than 7 days exposed 

group. MDA (malondialdehyde) concentrations 

examined the gill and liver tissues reflecting the damages 

produced by free radical increased with time exposition 

to the detergent (Fig.10). MDA levels in liver and gill 

were 15.5 ± 1.3 and 8.8 ± 0.4 at 7 days and 15.9 ± 1.8 

and 9.6 ± 0.9 at 14 days in control liver and gill, 

respectively. We observed an increase in MDA levels 

was11.2% in the liver and 24.7% in gill tissues after 7 

days exposure, whereas MDA levels were 28.3% in the 

liver and 39.7% in gill tissues after 14 days exposure. 

Among the groups, 14 days exposed group exhibited 

great perturbations in selected oxidative stress markers 

than 7 days exposed group. However, the toxic effect of 

detergent was higher in gill tissue than liver tissue (Fig. 2 

to 10). 

 

Histopathological Analysis of Liver and Gill 
The liver and gill tissues of fish of control and Ariel 

detergent exposed groups are shown in Fig. 10 (a&b). In 

the control group, normal liver parenchyma is arranges in 

lattice network where well-differentiated hepatocytes and 

large numbers of blood sinusoids are seen (Fig. 10a). The 

liver from the treated group showed morphological 

impairments characterized by loosely arranges, 

irregularly distributed, and degenerated hepatocytes with 

increased sinusoidal space (Fig. 10a). Moreover, some 

other alterations viz, increased vacuolization, and 

hepatocyte with pyknotic nuclei was also observed in the 

exposed group (Fig. 10a). The gill architecture of C. 

punctatus from the control water body exhibits normal 

features. Terminal parts of the primary and secondary 

lamellae are intact, and they maintain uniform 

interlamellar spaces (Fig. 10 (a)). However, the fishes 

from contaminated water bodies exhibit pathological 

changes. They show hyperemia in the afferent and 

efferent branchial arteries and congestion in the 

secondary lamellae, while secondary lamellae from 14 

days exposed group exhibit a tendency of curling and 

fusion with adjacent lamellae at the terminal part. Tip of 

secondary lamellae become eroded in many places, and 

the uniformity of interlamellar spaces are lost. In 

addition, the epithelium was found to have degenerated 

in the exposed fishes and got separated from the lamellar 

tissue and showed a distorted appearance indicating 
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severe damage and degenerative structural changes (Fig. 

10b). The detergent exposure also induced hyperplasia in 

the lamellae, lamellar fusion, loss of filament epithelium, 

and necrosis (Fig. 10b). 

 

Figure Legends 

Fig. 1 (a&b) Probit for the percent mortality of 

freshwater fish, Channa punctatus exposed to varying 

concentrations of a common laundry detergent, Ariel for 

96 h under laboratory conditions. 

 

Fig. 2 Effects of Ariel detergent on superoxide dismutase 

(SOD) activity in liver and gill tissues of freshwater 

fish, Channa punctatus. Fish were exposed to 1/5th of 

96h LC50 concentration (6.4 ppm) for a period of 7 and 

14 days. All the values are mean±SD of six individual 

observations. The values marked with ‘‘asterisk’’ are 

significantly different from corresponding controls as 

evaluated by the ANOVA followed by Student-

Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 3 Effects of Ariel detergent on catalase (CAT) 

activity in liver and gill tissues of freshwater 

fish, Channa punctatus. Fish were exposed to 1/5th of 

96h LC50 concentration (6.4 ppm) for a period of 7 and 

14 days. All the values are mean±SD of six individual 

observations. The values marked with ‘‘asterisk’’ are 

significantly different from corresponding controls as 

evaluated by the ANOVA followed by Student-

Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 4 Effects of Ariel detergent on xanthine oxidase 

(XO) activity in liver and gill tissues of freshwater 

fish, Channa punctatus. Fish were exposed to 1/5th of 

96h LC50 concentration (6.4 ppm) for a period of 7 and 

14 days. All the values are mean±SD of six individual 

observations. The values marked with ‘‘asterisk’’ are 

significantly different from corresponding controls as 

evaluated by the ANOVA followed by Student-

Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 5 Effects of Ariel detergent on glutathione 

peroxidase (GPx) activity in liver and gill tissues of 

freshwater fish, Channa punctatus. Fish were exposed to 

1/5th of 96h LC50 concentration (6.4 ppm) for a period of 

7 and 14 days. All the values are mean±SD of six 

individual observations. The values marked with 

‘‘asterisk’’ are significantly different from corresponding 

controls as evaluated by the ANOVA followed by 

Student-Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 6 Effects of Ariel detergent on glutathione reductase 

(GRd) activity in liver and gill tissues of freshwater 

fish, Channa punctatus. Fish were exposed to 1/5th of 

96h LC50 concentration (6.4 ppm) for a period of 7 and 

14 days. All the values are mean±SD of six individual 

observations. The values marked with ‘‘asterisk’’ are 

significantly different from corresponding controls as 

evaluated by the ANOVA followed by Student-

Newman-Keuls (SNK) post hoc test (p<0.05). 

Fig. 7 Effects of Ariel detergent on glutathione-s-

transferase (GST) activity in liver and gill tissues of 

freshwater fish, Channa punctatus. Fish were exposed to 

1/5th of 96h LC50 concentration (6.4 ppm) for a period of 

7 and 14 days. All the values are mean±SD of six 

individual observations. The values marked with 

‘‘asterisk’’ are significantly different from corresponding 

controls as evaluated by the ANOVA followed by 

Student-Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 8 Effects of Ariel detergent on glutathione (GSH) 

levels in liver and gill tissues of freshwater fish, Channa 

punctatus. Fish were exposed to 1/5th of 96h LC50 

concentration (6.4 ppm) for a period of 7 and 14 days. 

All the values are mean±SD of six individual 

observations. The values marked with ‘‘asterisk’’ are 

significantly different from corresponding controls as 

evaluated by the ANOVA followed by Student- 

Newman-Keuls (SNK) post hoc test (p<0.05). 

 

Fig. 9 Effects of Ariel detergent on MDA levels in liver 

and gill tissues of freshwater fish, Channa punctatus. 

Fish were exposed to 1/5th of 96h LC50 concentration 

(6.4 ppm) for a period of 7 and 14 days. All the values 

are mean±SD of six individual observations. The values 

marked with ‘‘asterisk’’ are significantly different from 

corresponding controls as evaluated by the ANOVA 

followed by Student-Newman-Keuls (SNK) post hoc test 

(p<0.05). 

 

Fig. 10 (a&b) Histograms of liver (a) and gill (b) tissues 

of freshwater fish, Channa punctatus. Fish were exposed 

to 1/5th of 96h LC50 concentration (6.4 ppm) for a period 

of 7 and 14 days. All the values are mean±SD of six 

individual observations. The values marked with 

‘‘asterisk’’ are significantly different from corresponding 

controls as evaluated by the ANOVA followed by 

Student-Newman-Keuls (SNK) post hoc test (p<0.05). 

[C=Congestion; CV=Central Vein; DC=Degenerative 

Changes; H=Hepatocytes; NC=Necrotic Changes; 

V=Vacuolization]. 
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Fig. 1 (a) 

 

 
Fig.1 (b) 
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Fig.10 (a) Liver   

   
Control 7 days Exposure 14 days Exposure 

Fig. 10 (b) Gills   

   
Control 7 days Exposure 14 days Exposure 

 

DISCUSSION 
Since detergents are complex mixtures of different 

chemical substances that may adversely affect aquatic 

ecosystems, information on the toxicity of laundry 

detergent products and certain detergent ingredients is 

limited. Due to this fact, it is important to know the 
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effect of the laundry detergents on the biochemical 

parameters and morphology of the tissues of the fish and 

other aquatic fauna, which facilitate the effective 

regulation of environmentally harmful chemicals in the 

production of cleaning agents. LIwarska-Bizukojc et al. 

reported that anionic and non-anionic surfactants 

negatively affects aquatic organisms at concentrations 

ranging from 0.0025 to 300 ppm and 0.3 to 200 ppm, 

respectively (LIwarska-Bizukojc et al. 2005). In this 

study, the detergent evaluated gave an LC50 value of 32 

ppm against C. punctatus after 96 h exposure and the 

percent mortalities observed for the different 

concentrations of the detergent ranged from 23 to 40 

ppm. Ndome et al., (2013)  have also been observed in 

similar results in fingerlings of Nigeria. This study 

examined the toxicity of Ariel detergent on fingerlings of 

Nigeria and found that toxicity levels (LC50 at 96 h) 

ranged between 37.43-39.79 ppm. Comparing our results 

with those of other aquatic organisms, we can observe 

that C. punctatus is more resistant to Ariel detergent than 

other aquatic organisms. For example, Nkpondion et al. 

(2016) examined the toxicity of Ariel detergent to the 

African Mud catfish (Clarias garepinus) and found that 

the LC50 value for 96 h acute bioassay test was 0.11g/L. 

In another study, Markina and Aizdaicher (2007 and 

2010) found that Ariel at a 10 mg L-1 adversely affected 

the marine microalgae Attheya ussurensis, Plagioselmis 

prolonga, and Dunaliella salina. Azizullah et al. (2011) 

evaluated the toxicity of Ariel detergent at four different 

incubation times, i.e., 0, 6, 24, and 72 h using the 

freshwater flagellate Euglena gracilis. After 6, 24, or 72 

h, the EC50 values calculated for motility were 512, 736, 

and 917 mg L-1, respectively. Moreover, previous 

studies reveal a large variation in the toxicity of different 

detergents and surfactants to different organisms. As a 

result, it is very difficult to conclude which species is 

more sensitive to detergents or which detergent is more 

toxic to the aquatic environment suggest that the toxicity 

data for detergents obtained with one species cannot be 

applied to other species in the aquatic environment. 

There is a need for the toxicity assessment of detergents 

for individual species. 

 

It has been reported that exposure to different 

concentrations of detergent causes oxidative stress by 

inducing ROS production (Shukla and Trivedi 2018). 

The increased ROS neutralized by the specific 

antioxidant enzymes such as SOD, CAT, GPx, GST, GR, 

and GSH and has been reported to protect against ROS 

in fish exposed to different environmental contaminants 

(Gyimah et al, 2020, Sobrino-Figueroa 2013). SOD and 

CAT are the first line of defense against oxidative stress 

caused by xenobiotics (McCord 2000). SOD converts 

superoxide radicals (O2
-
) generated in peroxisomes and 

mitochondria to hydrogen peroxide, and CAT then acts 

on the hydrogen peroxide converting them to harmless 

molecules (Ni et al. 2019). Our results showed a decrease 

in CAT activity after short and long-term exposures to 

Ariel detergent, while SOD activity showed an increase 

after 7 days and a decrease after 14 days exposures to 

detergent in liver and gill tissues of selected test species. 

Shukla and Trivedi (2018) found that exposure to a lesser 

concentration of LAS showed a significant effect on 

CAT and SOD activities after long exposure periods, 

while impairments in enzymatic activities remain 

insignificant after a shorter exposure period in tissues 

of C. punctatus. Alvarez-Murioz et al. (2006) reported 

anionic surfactant LAS-induced oxidative stress causes 

increased CAT activity in the gills of calm, Ruditapes 

phillipinarum, whereas another non-ionic surfactant 

NPEO induces a reduction in CAT activity in gills. 

Another study, Mustapha and Bawa-Allah (2020), 

reported that significant decrease in both activities of 

SOD and CAT exposed to anionic and non-ionic 

surfactants in fish. The activity of antioxidant enzymes 

could be elevated or inhibited depending on their mode 

of action and concentration of the toxicant (Padmani and 

Rani 2009). Both enzymatic and non-enzymatic 

antioxidants are essential for maintaining the redox status 

of fish. Among the non-enzymatic antioxidants, the 

tripeptide GSH plays an important role in the cellular 

defense against ROS. 

 

GST belongs to the multifunctional family of phase II 

biotransformation enzymes. GPx & GRd exerts its 

protective role by acting as a scavenger for high 

concentrations of hydrogen peroxide and reducing it to 

lipid hydroperoxides in organisms. Together they all 

constitute a strong line of the defense system in fish 

against oxidative stress induced by detergents and other 

xenobiotic pollutants (Flora et al, 2008). In the present 

study, we found that the fish exposed to Ariel detergent 

for a period of 7 and 14 days reflected a decrease in the 

activities of GPx, GR and GSH levels while the activities 

of GST and XO increased in liver and gill tissues of 

exposed fish when compared to controls. GRd was found 

to be stimulated after detergent treatment, suggesting that 

the detergent-induced accumulation of ROS has 

interfered with the antioxidant enzymes in the tissues of 

exposed fish, especially the balance between reduced and 

non-reduced glutathione level (Mukherjee et al, 2017). 

The fish exposed to a detergent, sodium dodecylsulphate 

(SDS), was responsible for a significant decrease in the 

activity of GRd and marginal alterations in GPx and GST 

activities in Artemia parthenogenetica (Nunes et al, 

2006). Lie et al, (2015) reported that increased ROS and 

decreased function of antioxidant enzymes are harmful to 

cells and can initiate lipid peroxidation, cause DNA 

strand breaks, and indiscriminately oxidize virtually all 

molecules in biological membranes and tissues, resulting 

in injury. The MDA concentrations found in the gill and 

liver tissues reflecting the damages produced by free 

radicals and reduced function of mitochondrial sensitive 

oxidative stress enzymes, which is increased with time 

exposition to the detergent. Recent studies demonstrated 

that the detergent induced accumulation of ROS has 

interfered with the antioxidant enzymes, which can lead 

to genotoxic stress in fish, and DNA damage suggests 

that micronuclei induction could be used as efficient 

biomarkers in response to detergent pollution load 
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(Gyimah et al., 2020, Shukla and Trivedi 2019; Sobrino-

Figueroa 2013). However, the exact mechanism of such 

alterations is yet to be known; it can be established that 

ROS is one of the prime causes for such aforementioned 

toxicological insults in the fishes. 

 

The correlation between decreases in antioxidant enzyme 

activity, the severity of the pathological liver injury, and 

gill damage were quite apparent. Thus, the lowest 

antioxidant enzymes were found in fish with the most 

severe tissue injury (Gyimah et al, 2020, Shukla and 

Trivedi 2019, Sobrino-Figueroa2013). The results of our 

study show that increased pathological liver and gill 

injury was accompanied by decreased activities of 

antioxidant enzymes of fish. Gills are the primary target 

organ of several pollutants because of their very large 

interface area and constant contact with the 

environmental medium. Histopathological studies 

showed that there were degenerative changes in primary 

and secondary lamellae erosion in the gill structure of 

fish exposed to the detergent. In addition, the epithelial 

cells of gill lamellae showed a distorted appearance 

indicating severe damage that led to dysfunctions in 

respiration and osmoregulation. Ariel at 5ppm was found 

to induce moderate degenerative changes in the 

respiratory lamellae in oreochromois mossambiccus on 2 

days of exposure. Chronic exposure led to drastic 

changes like separation of epithelium layer and atrophy 

(Raju et al, 1994). Although previous studies reported 

the gill damage caused by chronic exposure to synthetic 

detergents evidenced the gradual destruction of the gills 

filaments, swelling and thickening of the respiratory 

epithelium, clubbing and adhesion of the secondary 

lamellae, and eventual breakdown of the gill tissue and 

also killed the fishes due to asphyxia (Pratibha Saxena et 

al., 2005; Byrne et al, 1989). Chandanshive (2014) 

reported that toxic elements of detergents also cause 

excessive secretion of mucus over gill filament and 

irritation of gill epithelium which alters and interferes in 

respiration as well as reduced gill diffusing capacity, 

resulting in a decrease or increase in oxygen 

consumption in freshwater fish Mystus montanu. The 

histological observations of the liver tissue revealed that 

the regularly arranged and nucleated hepatocytes of liver 

tissues become distorted with disintegrated upon Aerial 

exposure. Anionic surfactant has been found to induce 

histopathological damage in the liver of C. 

punctatus (Shukla and Trivedi, 2018). Naeemi et al. 

(2013) have also reported similar observations, viz., 

congestion, dilation of sinusoid, vacuole degeneration, 

and hepatocyte degenerations on account of LAS 

exposure in liver tissues of R. frisiikutum further which 

depends on the concentration of detergent. It has also 

been documented that the generation of ROS altered the 

capacity of the antioxidant defense mechanisms and 

contributed to the development of hepatocyte necrosis 

and hepatotoxicity in fish (Alvarez-Munoz et al. 2009, 

Jaeschke et al. 2002). Thus, our findings conform with 

those of earlier workers revealed that exposure to a 

common laundry detergent could cause adverse effects 

on mitochondrial antioxidant enzymes associated with 

histopathological impairments in the gill and liver of 

fish. However, similar damage is caused by a wide 

variety of toxicants. How far the gill and liver damage is 

generalized response and what aspects of the response 

are specific to a particular detergent is unknown. 

 

In conclusion, our findings demonstrated that either 

short-term or long-term exposures to a common laundry 

detergent, Ariel alter the activities of mitochondrial 

antioxidant enzymes resulting in impairment in liver and 

gill tissues of C. punctatus. The combined effects of its 

components probably caused the deleterious effect of 

Ariel detergent suggests that the toxicity of Ariel 

detergent depends on the duration of exposure. Given the 

toxic effects of this detergent, it can be inferred that 

indiscriminate discharge can be detrimental to aquatic 

biota. Hence, this study suggested that it is necessary to 

monitor and regulate surfactants' residues in aquatic 

environments further  need to develop more 

environmentally friendly active ingredients in household 

and cleaning agents. 

 

Data availability 

All data generated or analysed during this study are 

included in this published article. 
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