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Abstract: The histological effects of Sodium Lauryl Sulfate (SLS) on the gill and liver tissues of the Rasboradandia were studied. 
The fish were exposed to two sublethal concentrations of anionic detergent, Sodium lauryl sulfate (SLS) with the observation of 
120 hrs, 240 hrs, and 360 hrs. The 96 hr LC50 for Sodium Lauryl Sulphate(SLS) was estimated 4 mg/L. Gill and liver samples 
were collected after 120hrs of exposure to SLS and histological slides were created and analyzed. Even at small SLS 
concentrations Rasbora stressed and showed erratic swimming and struggle hard for breathing. The histological changes 
to gills were edema, fusion of lamellae and lamellar aneurism. In the liver tissue, hepatocyte degeneration, congestion and 
dilation of sinusoid and vacuolar degeneration were seen. The 120 hrs exposure with 1.5 mg/L SLS showed the dilation and 
congestion in the blood vessels of primary gill lamellae and epithelial detachment were observed. Curling of secondary lamellae 
was also observed and some of the hepatic cells showed degeneration. The  360 hrs exposure with 3 mg/L SLS marked  epithelial 
detachment, epithelial hyperplasia, degeneration of secondary lamellae and atrophy and aggregation and necrosis of the 
hepatocytes was observed some of the hepatocytes ruptured leading to d enucleated cell. The tissue damages and histological 
changes increased with the increase of SLS concentration and exposed period. It seems that sublethal concentration of LAS may 
affect sever changes to gill and liver of Rasboradandia specimens that leads to malfunction of these organs which cause severe 
damage to health of the fish. 
Keywords: Sodium Lauryl Sulfate (SLS), Histology, Gill, Liver Cells,  Rasbora  dandia, Necrosis. 

I. INTRODUCTION 
Water, provide very important medium for all life and considered as one of the nature’s most preatious gifts to mankind. Earth 
contains only 2.5% of fresh water. Majority of water is in sea, as ice and very few amount of water is found in rivers, lakes, 
atmosphere and biological bodies. Water is pivotal in day to day life. In human beings 70% of body weight is from water and also 
form a very crucial role in all forms of biological  activities and  also water contribute  enormous purposes like drinking, for 
watering livestock, food production, fisheries, industries and even for recreational activities. Today one of the major environmental 
problem facing mankind is the unavailability of pure water. Rain water become decreased  and even available fresh water going  
polluted by the activities like urbanization, industrialization and human apathy have all contributed to water pollution emerged as an 
"ecological disaster". The wide array of pollutants discharged into the aquatic environment may have physico-chemical, biological, 
toxic and pathogenic effects [19]. The fast diminishing of water pure water emerges the increasing concern for deteriorating 
availability of water, but there is no use by concern, the solution must be taken for consideration and for working. Good quality 
drinking water ensure the good health and physiological conditions, all biological life continued existence depends on its 
availability. Waste water is polluted water, loss of beneficial nature due to the mixing of harmful and unwanted chemical and 
biological materials in to it. Water pollution occurs when fresh water resources become unconcern about discharge of industrial 
effluents without proper treatment to remove harmful materials from it, the water become no long suitable for drinking, cooking and 
bathing due to the  hazardous chemical compounds present in it. This polluted water being taken up by all organisms and cause 
deleterious to the entire  populations of organisms and even to the individual species. Detergents contribute a important role in water 
pollution. detergents has very harmful effect on the biological diversity. Today detergent used for making soaps and other materials 
used in daily life. This detergents from the human uses discharged continuously into the water resources and become polluted. 
Detergents are the chemical compounds or organic compounds composed of fatty acids and various compound like Alkyl Benzene 
Sulphonates, Polyphosphates, Cellulose, Succinic acid, Sodium lauryl sulphate. Detergents are of three types: anionic, cationic and 
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non–ionic detergents with  polar and non polar nature. Anionic and cationic detergents have permanent negative or positive charges, 
attached to non-polar (hydrophobic) C-C chains. Non-ionic detergents have no such permanent charge; instead, they have a number 
of atoms which are weakly electropositive and electronegative [61].Detergents are of two kinds: phosphate detergents and surfactant 
detergents, former are causticand used to softens hard water and suspends the dirt in water and later are used to enhance the wetting, 
foaming, dispersing and emulsifying properties of detergents and are very low. Detergents are not fully degraded  by sewage 
treatment and also they again discharged in to the water bodies, cause very harmful effect on the biodiversity, health and 
environment. Surfactants has high biological activity even at low concentrations and also has the  power to accumulate in the 
organisms. Several types of surfactants such as  soaps (anionic), Alkyl benzene sulphonate (ABS), Sodium lauryl sulfate (SLS) 
(anionic) and  Ethoxylated fatty alcohols (non-ionic) are used to make detergents. Sodium Lauryl Sulfate (SLS) is an anionic 
surfactant detergent derived from Alcohol Sulfates and it is also known as Sodium Dodecyl Sulfate (SDS). SLS is widely used in 
household products such as, toothpastes, shampoos, shaving foams, bubble baths, and cosmetics. It is used as leather softening 
agent, wool cleaning agent, in paper industry as penetrate and flocculating agent, in construction as additive of concrete, and as 
ingredient of floor cleaners and car wash soaps. The presence of SLS in environment arises mainly from its presence in complex 
domestic and industrial effluents as well as  its   release directly from some applications (e.g., oil dispersants and pesticides). It has 
been reported that SLS is toxic and affects survival of aquatic animals such as fishes, microbes like yeasts and bacteria. It is also 
toxic to mammals like mice and humans but to a lesser extent [15]. The use of biota as an indicator of pollution is advantageous 
over chemical analysis as they are ecologically realistic [38]. Due to their widespread use, there has been an increasing concern 
about the environmental behaviour of these compounds. Fauna1 and chemical monitoring has frequently been used to assess 
environmental quality [30]. The use of biota as an indicator of pollution is advantageous over chemical analysis as they are 
ecologically realistic [38].Fishes are quite susceptible to detergents and their continuous exposure may reduce the resistance of fish 
against parasitic infections. When detergents enter in the  fresh water ecosystem even somewhat beyond its minimum limit, they 
have toxic effect on the aquatic life. These detergents cause injuries to the skin, outer protective mucus coats and to the respiratory 
organs (gills). It will kill the eggs and developing embryos at low concentration. These contaminated fishes are not good for the 
human ingestion. Many workers have studied toxicity of detergents and biochemical contents in fishes. Histopathological changes 
have been widely used as biomarkers in the evaluation of the health of fish exposed to contaminants [55]. The exposure of fish to 
chemical contaminants is likely to induce a number of lesions in body organs like gill, liver and kidney. These organs are suitable 
for histological examination in order to determine the effect of extent of pollution. Gill exhibit large surface area, which are 
subjected to direct and permanent contact with pollutants. Liver plays a key role in metabolism and subsequent excretion of 
xenobiotics and is also the site of vitetlogenin production. Kidney is important in the maintenance of a stable internal environment 
and partially involved in the metabolism of xenobiotics.  
Histopathological analysis yields data on a number of organ systems and permits localization of lesion with specific cell types. With 
a thorough prior knowledge of normal anatomy, the investigator can use histological analysis to detect alterations in tissues and 
organs caused by exposure to toxicants. When concentration of a toxicant is sufficient to result only in cellular injury and not death, 
sub-lethal changes can be observed in affected cells. On the other hand, death of cells followed by a series of cellular reactions 
occurs without death of the organism. One of the great advantages of using histopathological biomarkers in environmental 
monitoring is that this category of biomarkers allows examining these specific target organs [18]. Furthermore, the pathological 
changes discovered in these organs are normally easier to identify than functional ones [14], and serve as warning signs of damage 
to animal health [22].For the reasons already mentioned, the present investigation was carried out to evaluate and compare the acute 
toxicity of sublethal concentrations of anionic surfactant SLS on the gill and liver of the Rasbora dandia. In  the present study, 
Rasbora dandia was selected because it serves as an important biological indicator of water quality and they are most commonly and 
abundantly found in the river. This study is very influential now a day, as domestic utilization of detergents is polluting our fresh 
water ecosystem.  

II. MATERIALS AND METHODS 
A. Test Animal  
Rasbora dandia was chosen as the test animal for the study as they are most commonly and abundantly found in the fresh water 
wetlands such as rivers, streams and koles,  and they are much tolerant to physical and chemical changes. The effect of detergents 
on Rasbora shows the potential hazards and toxicity on  all biodiversity. 
Rasbora dandia 
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Phylum     : Chordata 
Class         : Actinopterygii 
Order        : Cypriniformes 
Family      : Cyprinidae 
Common /local names: English; Slender rasbora or Blacklinerasbora. Kerala; Kokanutchee, thuppalankuthi. The name R. Dandiais 
revived for the Sri Lankan and southern Indian species previously assigned to R. daniconius. Distribution: Bangladesh, India, 
Myanmar, Pakistan, Makong and Sri Lanka. 

Morphology: Body elongated, oblong, compressed with small mouth. Barbles absent. Lateral line complete descending gradually 
with 21-34 scales. Body olive dorsally with silvery flanks and belly. A prominent black stripe from eye to the base of caudal fin, 
delicately edged by a thin metallic golden line .Rasbora dandia differs from R. daniconius by having a complete lateral line on the 
body. Habitat: Pools, ditches streams, ponds canals and rivers. Feeding Habits: Surface dwellers;   feeds on algae, aquatic insects, 
protozoans, mud and sand [48]. 

B. Research  Method 
About 80 -100g sized fishes were collected from Thrissur, Kerala. They were brought to the laboratory, acclimatized in tap water for 
about one week, prior to the experiment, fed daily ones with fish pellets. The tanks were observed 1-2 times a day, and the excreta 
and waste materials accumulated were removed. 

C. Determination of LC50 
The 96 hr LC50 was determined by adding different concentration of Sodium lauryl sulphate (SLS) to water. Mortality rate during 
24, 48, 72 and 96 hr after the exposure period was recorded. To calculate lethal concentration, fishes where exposed to 2,4,6,8 and 
10 mg/l of SLS containing water. Fishes with almost 80 to 100g weight were selected and 10 fishes were kept in each tub containing 
20L of dechlorinated water. Preliminary experiments were conducted to choose the concentration that result in the 50% mortality at 
96 hours exposure period. The fishes were observed regularly and the number of death in all the tub were recorded daily for a period 
of  96 hours. The number of dead organism in each of the test series was recorded. From this reading, 96 hours LC50 concentration 
of SLS was found out. 

D. Experimental Design 
Three tubs were taken and filled with 10 L of tap water, in which one was noted as control and other two of them as tub 1 and tub 
2.The day on which the experiment was started is noted as the ‘0th’day.The two of the experiment tubs were treated with a 
concentrations of 1.5 and 3mg of SLS per litter. Surfactant was not added to control. After 15 minutes of stabilization 10 fishes were 
exposed to each tub. The fishes were fed once daily. The tub was refilled with water every day and care was taken not to change 
concentrations. The exposure period was 15 days. 

E. Histological Analysis  
Two specimens from each treated and control groups were sacrificed and organs such as gill and liver were dissected out. Tissues 
were fixed in Bouin’s fixative for 24 hours. The tissues are cut into small pieces (5 µm)and washed repeatedly in 70% alcohol and 
further dehydrated in graded alcohol in ascending order, cleared in xylene and finally embedded in paraffin then 4-6μ thick sections 
were cut. These sections were stained with haemotoxylin and eosin [11]. Light microscopy was performed and stained section was 
photographed. 
 

III. RESULTS AND DISCUSSION 
A. Treated 
The 96hr LC50 for Sodium Lauryl Sulphate (SLS) was estimated 4 mg/L.In the present study, when Rasbora dandia was exposed to  
SLS treatment in sub-lethal concentrations of 1.5 and 3 mg/L, have induced marked histological changes in the  fish gill and liver  

B. Morphological and Behavioral Observations 
Behavior’s the recordable and observable activity of living organisms. When experimental fishes were introduced into water 
containing 1.5 mg/L concentration of SLS, they began to move around rapidly, with increased concentration of the SLS at 3mg/l, 
showed erratic swimming and struggle hard for breathing. 
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C. Histological effects 
1) Gill (Control) :In the control fish the gill showed the arrangement of primary and secondary lamellar processes. The primary 

gill lamellae (PL)were flat leaf like structures with a central rod like supporting axis and a row of secondary gill lamellae on 
each side of it. The secondary lamellae (SL) were equally spaced along the columnar structures with intact cellular layer 
attached at their bases with the primary lamellae and free at their distal ends. The normal secondary lamellar epithelium was 
simple, consisting of  a thin single or double sheet of epithelial cells, blood vessels and a row of pilaster cells. The blood vessel 
extends to the secondary lamellae. The region between the two adjacent secondary lamellae was interlamellar region. Between 
the secondary lamellae, the primary lamellae are lined bya thick stratified epithelium. This region contains numerous mucous 
and chloride cells. The gills are finger like filaments, made up of two rows and are attached to the opposite sides of the Inter 
branchialseptum. The control tissue taken on the 5th, 10th and 15th day showed the similar structure as below (Fig. I). 

2) Liver (Control) :The liver of control Rasbora dandia was composed of parenchymal cells (hepatocytes) arranged in a typical 
tubular sinusoid pattern, the liver cords were characteristically two cells thick and alternated with sinusoids. The hepatocytes 
were morphologically polygonal and vacuolated. The nuclei were spherical in shape and uniform in size. The blood vessels 
with red blood cells were found in good condition (Fig.II). 

3) Experiment I, Rasbora exposed at 1.5 mg/l SLS.: Gill: On the 5th day of exposure there was dilation and congestion in the 
blood vessels of primary gill lamellae observed in gill filament.On the 10th day of exposure were observed dilation and 
congestion in the blood vessels of primary gill lamellae and epithelial detachment. On the 15th day of exposure dilation and 
congestion in the blood vessels of primary gill lamellae and epithelial detachment were observed. Curling of secondary 
lamellae was also observed. Liver: On the 5th day of exposure the hepatocytes had lost their polygonal shape and hence the 
gaps between the cells increased. On the 10th day of exposure slight degeneration and aggregation of the hepatocytes and 
dilated sinusoids were noted. On the 15th day of exposure some of the hepatic cells showed degeneration and vascular 
degeneration was also observed. 

4) Experiment II: Rasbora exposed at  3 mg/l SLS: GillOn the 5th day of exposure there were observed dilation and congestion 
in the blood vessels of primary gill lamella and epithelial detachment. On the 10th day of exposure aneurism and epithelial 
hyperplasia in the gills were observed. On the 15th day of exposure the gill tissue showed epithelial detachment, epithelial 
hyperplasia, degeneration of secondary lamellae and atrophy. Liver: On the 5th day of exposure loss of the shape of the 
hepatocytes and dilated sinusoids were observed. On the 10th day of exposure the cell membrane underwent lysis and dilated 
sinusoids were exposed. Aggregation of hepatocytes was observed. On the 15thday of exposure aggregation and necrosis of 
the hepatocytes was observed some of the hepatocytes ruptured leading to denucleated cell. 

 
Fig. I: Photomicro graphic sections of Gills of Rasbora with different SLS concentrations and exposure periods. 
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Fig. II: Photo micrographic sections of Liver of Rasbora with different SLS concentrations and exposure  periods. 

 
Aquaculture sector is contributing to a great extent towards the protein requirement of man. As fish is considered the most important 
and vital link in the food chain of the ecosystem and the inland fisheries are an important source of protein in a nation’s diet, a 
thorough understanding of the toxicant’s effect on fishes would be really vital for fish conservation and fisheries development  [2]. 
Fishes are known to bio accumulate, bio concentrate and bio magnify toxicants in their tissue and are widely used as bio indicators 
for pollution in marine and freshwater environment [9]. The contamination of fresh waters with a wide range of pollutants has 
become a matter of concern over the last few decades [8]. Histology is useful technique for investigating the toxic effect of 
pollutants. Such a study also offers opportunity to locate the effect of pollutants in various organs and systems of animals. This type 
of study in fish has been to a great extent is handicapped because of the lack of adequate histological literature concerning various 
fish organs [25]. Considerable interest has been shown in recent years in histopathological studies while conducting environmental 
toxicity tests in fish.In the present study, when fishes were introduced to water containing different sub-lethal concentration of SLS 
they moved around rapidly. As the concentration of detergent increased fish’s distress increased. 
The gills, which participate in many important functions in fish, such as respiration, osmo regulation and excretion, remain in close 
contact with the external environment, and particularly sensitive to changes in the quality of the water, are considered the primary 
target of the contaminants. Fish gill is very sensitive to changes in the composition of the environment and is an important indicator 
of detergent effect. Consequently, injury to gill epithelium is a common response observed in fish exposed to a variety of 
contaminants. The severity of damage to the gills depends on the concentration of the toxicant and the period of exposure. 
Rasbora dandia which are exposed to sub lethal concentrations of SLS exhibited pathological lesions in the gill. Maximum severity 
of histological changes was noticed ingills of fishes exposed to higher concentration and longer durations of SLS. The changes 
observed due to the exposure of SLS are dilation and congestion in the blood vessels of primary gill lamellae, Epithelial 
detachments, aneurism, curling of secondary lamellae, degeneration of secondary lamellae, atrophy and epithelial hyperplasia. 
The  proliferative thickening of gill epithelium might be general safety measure against irritation by environmental toxicants[42]. 
The formation of an aneurysm is related to the rupture of the pillarcells due to a bigger flow of blood or even because of the direct 
effects of contaminants on these cells [31]. A commercial detergent “Ariel” at 5ppm was found to induce moderate degenerative 
changes in the respiratory lamellae in Oreo chromismossambiccus on 2 days exposure and the chronic exposure led to drastic 
changes like separation of epithelium layer and atrophy [40]. Similar results were also found in the  studies on fish Sparusaurata, 
where  pronounced alteration in the filaments of individuals  occurred when fishes were exposed to concentrations from 3 to 
15mgL-1 of SDS and LAS [52].  
The liver is the primary organ for detoxification of organic xenobiotics. Hepatic cells have many vital functions. Hepatic cells not 
only secrete bile but also play an important role in carbohydrate, protein and lipid metabolism and serve as storage sites for some 
nutrients. In liver sections of normal fish, the hepatocytes form a rather cord-like pattern. The liver cells are large in size, polygonal 
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in shape with homogenous eosinophilic cytoplasm and centrally located nuclei. A large number of blood sinusoids separate the 
hepatic cords one from another. Lethal concentration of SLS induced obvious histological changes in the liver of Rasbora dandia. 
During the experiment, the liver of fish in the control group did not show any morphological changes in the structure whereas in 
experimental set ups the fishes showed the following morphological changes in the liver; loss of polygonal shape, vacuolization of 
hepatocytes, dilated sinusoids, degeneration of hepatic cells aggregation of hepatocytes, cell lysis, vacular degeneration,  
denucleated hepatocytes, and necrosis of hepatocytes. The changes were more in the liver of fishes incubated in water containing 
more SLS. 
Several studies demonstrated that alterations in number, size and shape of the hepatocyte nucleus can be due to contaminants 
[36].Congestion of sinusoid, shrinkage of hepatocytes, slight atrophy and vacuolar degeneration have been reported in liver of fishes 
after chronic exposure to LAS [22]. The hepatic necrosis are described  as irreversible injury to tissue[3]. Necrosis was also reported 
in liver of Brazilian tropical and subtropical fish species exposed to multiple contaminants in different impacted regions [36].Some 
morphological changes in gills and liver may represent adaptive strategies to maintaining physiological functions, but the 
histopathological changes as described in the present study indicated that fishes were affected by the exposure to SLS presented in 
water [62]. 
 

IV. CONCLUSION 
It can be concluded that the SLS had a severe impact on the experimental fish Rasbora dandia (Hamilton,1822). The findings of the 
present histological investigations demonstrate that the exposure of freshwater fish, R. dandia to SLS concentrated water caused 
moderate to severe damages to the gills and liver, with increase in concentration of the SLS increased altered changes in the 
structures of their gills and liver. Hence, the environmental awareness becomes more necessary, since fish forms delicious 
component of human food and further it is poor man’s dish, it may be concluded that the surfactant pollution presently evaluated 
cause lethal effects found in the surrounding area whether terrestrial or aquatic. People need to be made aware of the adverse 
causalities of detergents on various forms of aquatic life. Sewage water generated from households should not be allowed to be 
discharged directly into the water bodies. Better sewage treatment facilities have to be looked into for the protection of these water 
bodies. 
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