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Introduction

	 Surfactants play an important role in detergents and cosmetics, and 
in terms of sales volume, anionic surfactants are the most important. 
According to acute and long-term research, anionic and nonionic sur-
factants have low toxicity when taken orally, however certain cation-
ic are moderately hazardous. The compatibility of local applications 
with skin and mucous membranes is greatly reliant on concentration. 
Surfactant influence on biological systems can be described mostly by 
the surfactant’s physicochemical features and pharmacological activ-
ity.

	 Sodium dodecyl sulfate (SDS) is a chemical compound that can 
be synthesized or obtained naturally. The production of this surfactant 
involves the combination of lauryl alcohol obtained from either petro-
leum or plant sources with sulfur trioxide, resulting in the formation 
of hydrogen lauryl sulfate. This compound is then neutralized using 
sodium carbonate, leading to the formation of sodium lauryl sulfate 
[1]. The existence of this substance in the environment is mostly at-
tributed to its occurrence in complex home and industrial effluents, as 
well as its direct release from some applications such as oil disper-
sants and insecticides.

	 The surfactant is a common anionic surfactant found in larger con-
centrations in industrial goods like engine degreasers, floor cleaners, 
and automobile exterior cleaners having surface-active properties that 
make it useful in cleaning products, personal care products, and cos-
metics. It’s also an effective surfactant that’s used in any work that 
requires the removal of greasy stains and residues; It’s used in hand 
soap, toothpaste, shampoos, shaving creams, and bubble bath formu-
lations at lower concentrations because of its capacity to create a foam 
(lather), surfactant capabilities, and thickening effect.

	 It is also used as a delivery aid in pharmaceuticals and biochemical 
studies, and electrophoresis in a variety of industrial manufacturing 
processes [2]. This surfactant is also a major component of disper-
sants, which have been a source of contention in oil-spill cleanup pro-
cedures for many years [3].

	 Because of their widespread use, there is rising concern about 
how these substances interact with the environment. Domestic and 
industrial effluents containing non-biodegradable surfactants contin-
ue to infiltrate into natural waters, wreaking havoc on the aquatic en-
vironment [4]. SDS is in high demand among the different detergents 
available due to its inexpensive cost and excellent foaming properties. 
It is found in household items, industrial products, laboratories, and 
pharmaceutical preparations. This detergent’s biodegradability is fre-
quently cited to excuse its excessive use and disposal.

	 Despite its exotic status, tilapia is a popular freshwater fish for 
farming in Nigeria. It’s possible that tilapia is less vulnerable to the 
effects of precipitated contaminants than other fish are because they 
spend so much time floating near the surface. Similarly, when select-
ing an indicator species to evaluate the biological effects of pollutants 
and their impact, it is important to take into account the organism’s  
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Abstract
The chronic effects of sodium dodecyl sulphate (SDS) inducing oxi-
dative stress and liver histopathology in Oreochromis niloticus after 
sub-lethal exposure was investigated. This fish was examined 30 
days after exposure to the range of the surfactant concentrations 
(2.5, 5.0, 7.5, and 10 mg/L) that have been reported in the field. The 
self-bred fish used in the experiment met all applicable standards 
and laws. Following standard procedures, blood was taken from the 
caudal region using insulin syringe. The glutathione - S transferase 
(GST) activities and glucose profiles were spectrophotometrically 
measured on days 2, 6, 9, 16, 23, and 30, while histopathology was 
examined on days 2 and 30 using hematoxylin and eosin staining 
techniques. The surfactant altered fish GST erythrocyte activity and 
glucose content by increasing the GST activity and glucose level 
throughout the experiment at all concentrations. Compared to con-
trol fish, the liver of the fish exposed to the surfactant had histo-
logical changes such as hepatocyte rupture, sinusoid dilation and 
degeneration, and necrosis. The Induced GST, the blood glucose, 
and severity of altered liver were dose- and time-dependent. This 
study demonstrates how SDS poisoning can be harmful to human 
health and life. Authorities must implement strict mitigation mea-
sures to stop ongoing pollution of the aquatic environments because 
anthropogenic factors have been implicated as the primary causes 
of surfactant exposure.
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persistence at a significant population level, pre-exposure history, 
ecological relevance, sensitivity to contaminants, physiology, and 
habitats. [5]. Oreochromis niloticus (Cichlidae), also known as the 
Nile tilapia, is a common study organism in ecotoxicology. This fish’s 
biochemical responses to hazardous substances have been well doc-
umented [6]. 

	 This surfactant is sometimes ignored as a safe and environmental-
ly friendly alternative to petroleum-based surfactants. Many studies 
conducted by various scientists have raised concerns about the de-
tergent’s environmental impact, including its effect on marine inver-
tebrate embryos and larvae [7], inhibition of bivalves’ filter-feeding 
habits, and mussel suspension feeding [8]. The same is true for ani-
mals such as mice and humans, though to a lesser extent, as well as 
aquatic creatures such as fish, and microorganisms like yeasts and 
bacteria [9]. But there hasn’t been much research done on the effects 
on oxidative and histopathological consequences on tissues.

Materials and Methods
Quality of Water: Daily measurements of sodium dodecyl sulphate 
SDS concentrations and water quality parameters were taken for each 
treatment throughout the chronic SDS exposure of O.niloticus. The 
azo method was utilized to determine nitrite concentrations, whereas 
a glass electrode was employed to determine water temperature and 
pH (Thermo Orion, Beverly, MA, USA). The determination of both 
the total hardness and total alkalinity was accomplished via titration. 
The concentration of dissolved oxygen was ascertained using the 
Winkler method.

Pre-Analytical Stage: The fish experiments were conducted in accor-
dance with relevant regulations and legislation. The O. niloticus used 
as a test organism in this study were monitored and observed from the 
initial egg stage until they reached the designated investigative stage, 
which occurred after a period of five months. The process of spawn-
ing was conducted within clay ponds with the objective of producing 
fry of high genetic purity. 

	 The fish were cultivated throughout the months of April and May 
2022 in a meticulously constructed shallow pond. The breeding pop-
ulation consisted of one male for every five females. A total of five 
shallow ponds were created for this purpose. The breeding stocks 
utilized in the experiment comprised of five males and twenty-five 
females. During the course of the experiment, the breeding stocks 
were provided with a diet consisting of fodder that was rich in protein 
and vitamins. The temperature within the experimental environment 
was carefully controlled to fall within the optimal range of 25-29oC. 
Additionally, the aquaria were subjected to a daily illumination period 
of 12-14 hours, achieved by suspending a 100-W fluorescent bulb at 
a distance of 50 cm above the water surface. To maintain a suitable 
environment for spawning, the aquaria were cleaned every 4-5 days.

	 It was observed that the male begins the mating procedure by 
choosing the healthiest female and then herding the other females to 
the opposite end of the tank. It’s possible that spawning and fertiliza-
tion could take up to two hours. The female quickly leaves the tank’s 
nesting chamber, her mouth firmly clamped over the fertilized eggs. 
Female fish don’t eat when incubating their eggs and again once the 
fry have hatched because their mouths are full of the eggs and later 
the fry’s yolk sac. When the female leaves the nest, the male quickly 
chooses another female and begins mating with her, starting the cycle 
all over again.

	 After the completion of yolk sac absorption, the fry was meticu-
lously transferred to a rearing pond for the purpose of maturation. The 
fry exhibits independent feeding behavior, assume piscine morphol-
ogy, and attain a length ranging from 1 to 2 centimeters. A fingerling 
can be defined as a juvenile fish that has reached a length of approxi-
mately 10-15 cm, which is comparable to the size of a human finger. 
The fingerling stage of the fry is typically attained during a time frame 
of 45 to 60 days. The fry and fingerlings were provided with a spe-
cially formulated diet consisting of a 1:1 ratio of soybean powder or 
finely powdered cake and rice bran, which was administered to them 
4-5 times daily. After a period of around 2-3 weeks following the in-
troduction of fish into the nursery pond, a netting process is conducted 
to remove the fish. The selected fish, known as advanced fries, are 
then transferred to a separate rearing pond where they undergo further 
development and growth as fingerlings.

	 A simulated aquatic environment was created within a green-
house structure, designed to replicate the natural habitat of the fish. 
The maintenance routine involved daily cleaning of the greenhouse. 
Fifteen earthen ponds were constructed using clayey loam soil, with 
each pond having dimensions of 27 1/4 x 24 1/8 x 29 12 inches. A 
total of ten fingerlings were allocated to each of the final ponds for 
a duration of 12 weeks. These fingerlings were provided with a diet 
consisting of finely powdered cake and rice bran, which was adminis-
tered three times each day. The aquaria were cleaned using a manual 
pumping apparatus to siphon the stale water, which was then refilled 
twice weekly. By the conclusion of the twelfth week, no instances of 
mortality were observed.

Analytical Stage: After the twelfth week, the final ponds and their 
corresponding repetitions were subjected to various doses of sodium 
dodecyl sulfate (2.5, 5.0, 7.5, and 10 mg/L) as well as a control group 
for a period of 30 days. During the experimental, the fish in both the 
control and experimental groups were administered a diet equivalent 
to 3% of their body weight, which was given twice daily. The water 
and toxicants were supplied in their whole every 24 hours, and the 
earthen ponds were diligently maintained to provide the highest pos-
sible level of cleanliness.

	 The physicochemical parameters of the water were measured 
on a daily basis throughout the duration of the experiment. After 
the completion of each experimental period, a fish is retrieved from 
each pond, transported to the laboratory in a container with sufficient 
air, and promptly anesthetized with MS222 (Ethyl 3-aminobenzoate 
methanesulfonate salt, Sigma).

	 The biochemical profiles were assessed on days two, nine, sixteen, 
twenty-three, and thirty, while the liver pathological abnormalities 
were analyzed in the laboratory on days two and thirty. The fish that 
were not utilized were released back into the main reservoir.

	 Blood samples were obtained from the caudal vein of each fish, 
located behind the spine, using the approach described by Congleton 
and LaVoie [10]. The blood sample was obtained and thereafter sub-
jected to centrifugation using anticoagulant-free centrifuge tubes to 
obtain the serum. The serum was then preserved at a temperature of 
-80°C until it was ready for analysis.

	 Following the blood collection, a fish from each treatment group 
was promptly dissected. The liver was then removed and subsequent-
ly preserved in a 10% phosphate-buffered formalin solution.
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Glutathione-S-Transferase Activities Measurement: In a heparin 
vial, blood was taken and centrifuged for five minutes at 3,000 rpm at 
4°C. Before investigation, the top yellow plasma layer was pipetted 
into a vial without disturbing the white buffy layer and stored on ice 
(- 4°C).

	 The DetectX® Glutathione S-Transferase Fluorescent Activity 
Kit was used to assess GST activity in plasma samples. The kit 
employs a non-fluorescent molecule as a substrate for the GST 
enzyme, which binds to glutathione covalently to form a fluorescent 
product. The sample is combined with the Detection Reagent and 
GST in the endpoint mode in order to produce a fluorescent result. 
The product is subsequently quantified at a wavelength of 460nm 
utilizing a fluorescent plate reader, with excitation taking place at 
390nm. The present kit employs a GST standard curve for the purpose 
of evaluating and examining the activity of GST. The standard curve 
was subjected to a four-parameter curve analysis.

Assessment of Blood Glucose Levels: A commercial kit based on 
the glucose-oxidase reaction was used to colorimetrically evaluate the 
serum glucose (Glucox 500-Doles Reagents, Brazil). Glucose Col-
orimetric Detection Kit provides a quantitative analysis of glucose 
in a variety of samples. Each sample of the induced fish serum was 
compared to a beta-D-glucose standard against which an assay curve 
was generated. After combining the colorimetric substrate with the 
horseradish peroxidase, and initiating the reaction with glucose oxi-
dase, the serum was added. There was a 30-minutes incubation period 
at room temperature for the reaction. The glucose oxidase mixes with 
glucose to form hydrogen peroxide, which reacts with the colorimet-
ric substrate to produce a pink-colored result. At 560 nm, the pink 
product was read.

Histomorphology: The Gewaily and Abumandour [11] histological 
examination approach was followed. The tissue samples were pre-
served for 24 hours in a 10% neutral buffered formaldehyde solution 
after being cut into 0.5 cm3 slices. After being dehydrated in increas-
ing concentrations of alcohol, the samples were cleaned with xylene 
and embedded in paraffin wax. The slices were cut to 5 m thickness 
on a Leica rotatory microtome (RM 20352035; Leica Microsystems, 
Wetzlar, Germany) and stained with hematoxylin and eosin. Using a 
BX50/BXFLA microscope (Olympus, Tokyo, Japan), the tissue slices 
were analyzed.

Statistical Analysis Gewaily and Abumandour: The basic statistics 
of the measured parameters were examined using appropriate anal-
ysis. One-way ANOVA was used to assess the patterns of variance 
caused by SDS treatments. The Tukey-HSD test was used to compare 
the means of the treated parameters and the control parameters. SPSS, 
version 10 (SPSS, 1998) software was used.

Results

	 The GST activity in the erythrocytes of C.gariepinus induced 
with various concentrations of SDS revealed times and concentra-
tions dependent increase. The activity of the enzyme in the control 
group was considerably unaffected, with the range (33.10 -33.70) mg/
ml). On day 2nd to day 30th, GST activity at 2.5mg/l ranges (35.20 
– 55.43) mg/ml, with only day 23rd and 30th varies significantly (p 
< 0.05) when compared with the control. At 5.00mg/l, the range of 
the enzyme activity on day 2nd to 30th was (35.89 – 57.12) mg/ml, 
and also varies significantly (p < 0.05) when compared with the con-
trol. At 7.50mg/l, the range was (36.20 - 6320) mg/ml), and highly  

significance (p < 0.01) when compared with the control. At the high-
est exposure of 10mg/l, the enzyme activity varies significantly (p < 
0.05, p < 0.01) between various treatments and the control on day 9th 
to 30th, and it ranges between (37.00 – 65.00) mg/ml (Figure 1).

	 The glucose level increases with the increase in the concentration 
of the toxicant on day 2, and were significant between the control and 
various treatments (p<0.05) except with the lower concentration of 
2.5mg/L (Figure 2). The glucose level decreases after day 2, in the 
order day 9< 16< 23< 30. At the higher concentration of 6mg/L, on 
day 16, 23 and 30, the glucose level were highly significances (p<0.1) 
when compared with the control.

Histopathological Examination of the Liver: Histological examina-
tion of the liver of the control fish revealed no abnormalities. Con-
versely, as illustrated in Figure 3A, the hepatic parenchyma displayed 
a uniform clustering of hepatocytes in the vicinity of the circulatory 
system (sinusoids).

	 The histological structure of the liver of O.nilticus, subjected to 
sodium dodecyl sulfate at quantities found in the field, exhibits a 
range of histological alterations in comparison to the control group. 
The severity of these changes is depending on both the duration of 
exposure and the dosage administered. Figure 3B illustrates the pres-
ence of slight expansion in the cords of hepatocytes and the occur-
rence of dark patches on the second day of exposure to the surfactant 
at a concentration of 2.50mg/l SDS. The severity of the dilation was 
observed in conjunction with partial distigeration of the hepatocytes, 
as the concentration of the toxicant increased to 5.0mg/l during the 
same period of exposure (Figure 3C). Furthermore, at concentrations 
of 7.50mg/l, the liver of the fish exhibited a pronounced dilation of the 
sinusoid (Figure 3D). The liver exhibited significant impairment at a 
concentration of 10.0mg/l over the exposure periods, as evidenced by 
the occurrence of hepatocyte rupture (Figure 3E).

Figure 1: GST activities in the erythrocytes of C.gariepinus exposed 
to sublethal concentrations of Sodium dodecyl sulfate; A different sym-
bol between the control and treatment indicate significant differences ἀ 
(p<0.05); λ(p < 0.01).

Figure 2: Glucose level in O.niloticus exposed to a different concentra-
tions of SDS. Data presented as mean ± SE.  Symbol above bars indicate 
significant differences between the control and the treatments * (p<0.05), 
ф (p < 0.01).
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	 On the thirtieth day of the experiment, the liver of the treated fish 
exhibited distinct responses that were more severe, while maintaining 
the same concentrations as observed on the second day. At a concen-
tration of 2.50mg/l, pronounced dilatation of the hepatic sinusoid and 
slight disintegration of the hepatocytes were seen (Figure 4). When 
the concentration was increased to 5.0 mg/L, the liver of the fish ex-
hibited enlarged hepatocytes that contained micro vesicular lipid vac-
uoles in the cytoplasm, as well as severe dilatation of the sinusoid. 
At a concentration of 7.50mg/l of Sodium Dodecyl Sulfate, the liver 
of the fish exhibits significant shedding of hepatocytes. Furthermore, 
when exposed to a concentration of 10.0mg/l of SDS, the fish’s liver 
displays severe dilatation, degeneration of the sinusoid, necrosis, rup-
ture, and extensive shedding of hepatocytes.

Discussion
	 Glutathione is a well-known ROS scavenger and was used as a 
biomarker of oxidative stress in many studies [12], and its synthe-
sis depends on the cellular concentration of glutamate and glutamine 
[13]. This result demonstrated that the GST activity of erythrocytes 
in fish exposed to surfactants increased significantly in comparison to 
the control group, regardless of exposure duration or concentration. It 
is possible that the observed elevation in GST activity in stressed fish 
is attributable to the enzyme’s status as a critical antioxidant, which  

serves as a fundamental defense against the lethal effects of reactive 
oxygen species and aids in coping with organic substances.

	 On day 2nd, the glucose content observed in fishes exposed to so-
dium dodecyl sulfate increases with the increase in the concentrations 
of the toxicant. However, on day 30th, the glucose level decreases, 
and abruptly. The initial increased can be attributed to the fact that 
glucose is the primary source of energy and its increased plasma level 
is a secondary indicator of stress response in animals. In our results, 
the elevated level of glucose in sodium dodecyl sulfate exposed fish 
indicates that the surfactant induced stress in the test fish. Increased 
blood glucose levels have also been reported in C. carpio and in On-
corhynchus mykiss after long-term exposure to sub-lethal concentra-
tions of diazinon [14]. However, with long exposure as observed on 
day 30th, the glucose level declined with exposure duration. Prior 
research has suggested that prolonged chemical exposure may induce 
a biphasic response in blood glucose levels, consisting of an initial 
rise, followed by a decline, culminating in depletion. The observed 
occurrence could potentially be linked to the exhaustion of energy 
reserves caused by the strain caused by the substantial accumulation  

Figure 3: Liver of O.niloticus exposed to sublethal doses of sodium do-
decyl sulfate on day 2; A: control fish showing architecture of a hepat-
ic lobule. The nuclei hepatocytes  (arrowhead) and  the hepatic sinusoid 
(arrow with tail); No visible lesion was observed; B: Liver of the fish 
exposed to 2.50mg/l of SDA; mild dilation of the hepatic sinusoid (λ), and 
dark patches (β); C: 5.0mg/l SDA exposure revealed partial disintegra-
tion of the hepatocytes (Ϫ), and dilation of the sinusoid (ώ); D: 7.50mg/l 
treatment: the fish’s liver shows severe dilation of the sinusoid (Њ); E: 
10.0mg/l SDA exposure: severe dilation of the sinusoid (җ) and rupture of 
the hepatocytes (Ω); (H & E stain x300)

Figure 4: Liver of C. gariepinus subjected to sublethal sodium dodecyl 
sulphate dosages on day 10; Figure A1: fish’s liver exhibiting the hepatic 
lobule’s structure in the control treatment. There was no evidence of a visi-
ble lesion lesion; Figure B1: 2.50mg/l of SDA exposure; severe dilation of 
the hepatic sinuosoid (฿), and mild disintegration of the hepatocytes (₱); 
Figure C1: 5.0mg/l SDA treated fish’s liver; enlarged hepatocytes contain-
ing micro vesicular lipid vacuoles in the cytoplasm (β), and severe dilation 
of the sinusoid (ἀ);Figure  D1: 7.50mg/l treatment: the fish’s liver shows 
desquamation of the hepatocytes (Њ); Figure E1: 10.0mg/l SDA exposure: 
severe dilation and degenration of the sinusoid (®), necrosis (₱) rupture 
and severe desquamation of the hepatocytes(җ). (H & E stain x300).
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of the surfactant. Low glucose content in chronically exposed fishes 
could also be due to improper gluconeogenesis as caused by the sur-
factant.

	 Among the teleost fishes, the liver is the primary organ for bio-
transformation of organic xenobiotics. Therefore, the liver can be 
studied in environmental monitoring due to its high sensitivity to 
contaminants and alterations in its structure can be significant in the 
evaluation of the health of fish. The Major degenerative changes ob-
served in this study included; dilation of the cords of hepatocytes, 
dark patches, partial distigeration of the hepatocytes, dilation of the 
sinusoid, rupture of the hepatocytes, desquamation of the hepatocytes, 
necrosis, and rupture of the hepatocytes. Similar observations were 
reported by Pacheco and Santos [15] in Anguilla Anguilla exposed to 
various environmental contaminants. Also, Marty [16] reported a sim-
ilar histological lesion in demersal rockfish in Prince William Sound, 
Alaska, after the Exxon Valdez oil spill. The dilation of the sinusoid 
in the connective tissue in O.niloticus liver exposed to SDS in the 
present study was similar to the observation of Esam [17] in the livers 
of siganus canaliculatus following exposure to crude oil and dispersed 
oil. Desquamation of the hepatocytes, necrosis, and rupture of the he-
patocytes are considered as markers of serious environmental change 
[18]. Other inflammations observed in this investigation can be seen 
as a response to leukocyte infiltration activation and clustering [19].

	 In this study prevalence and relative risks for most lesions were 
significantly higher in treated fish compared with the control groups, 
and the histopathological changes in fish were proportionate with the 
duration of exposure and the concentrations of sodium dodecyl sul-
phate. The fish exposed to low doses of the surfactant at the early 
stage of the test showed less significant histopathological changes 
for most observed lesions, and each liver alteration possesses distinc-
tive histological features and affects specific areas of tissue related 
to function and might affect fish health. However, the degenerative 
alterations are given the highest importance factor because they are 
considered a direct effect of toxicants, they are generally irreversible, 
and their persistence or progression may lead to a partial or total loss 
of organ function. Changes in the liver, like those observed in this 
study, could cause serious physiological issues and provide accurate 
information on the stress caused by variety of environmental contam-
inants.

Conclusion

	 This study demonstrated that fish biochemical enzymes can 
change significantly when exposed to sodium dodecyl sulphate. These 
enzymes are useful biomarkers that can be used to detect surfactant 
pollution in aquatic systems. The findings also revealed that aquatic 
animals’ health may be harmed by the presence of surfactants in wa-
ter bodies. Furthermore, additional research is required to explain the 
correlation between GST and glucose induction and the magnitude of 
histopathological alterations in the liver of O.niloticus, as well as the 
physiological implications of alterations observed in the fish on other 
aquatic life.

Significance Statement

	 Surfactants are new environmental contaminants whose toxicity 
threatens ecological, evolutionary, nutritional, and environmental 
balances. Surfactants such as sodium dodecyl sulphate, linear alkyl 
benzene sulfonates, and alpha -olefin sulfonate may be harmful to 
aquatic life in freshwater reservoirs. Their physiological changes  

have the potential to reduce the survival rate of aquatic life in nature. 
As a result, measures should be taken to mitigate the potential con-
tamination of the aquatic ecosystem by many contaminants that are 
carelessly dumped into water bodies, and further research should be 
conducted to strengthen the current findings. Furthermore, more re-
search on their potential residual effects is needed to fully understand 
their hazardous impacts on aquatic ecosystems, as well as the use of 
environmentally friendly surfactants.
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