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Alkylbenzene sulphonate, a detergent, induced toxicity 

on the gill of Zebrafish Danio rerio (Hamilton) 
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Abstract 
Gills are the prime organs for gaseous exchange and perform several other physiological functions 
including osmoregulation and excretion. In the present study, the gill histological damage of the Zebra 
fish Danio rerio, exposed 1/4th (6.82 mg/l) and 1/10th (2.73 mg/l) 96h LC50 concentrations of 
Alkylbenzene Sulfonate (ABS) for long term intervals (30,45 and 60 days) is assessed. The histological 
changes to gills were edema, fusion of lamellae, lamellar aneurism and regeneration of the primary and 
secondary lamella occurred. 
 
Keywords: Zebrafish Danio rerio, Alkylbenzene Sulfonate (ABS), histopathology, gill, lamellar 
aneurism. 
 
1. Introduction 
Pollutants adversely affect different organs, organ systems and tissues. Liver, kidney, muscles, 
brain, stomach, intestine and gills are the common target organs in fish. Histopathological 
changes in these organs vulnerable to pollutants are biomarkers indicating the impact of 
xenobiotics on the physiological constitution of the exposed organisms [1, 2]. 
Anionic surfactants are reported to be acutely toxic to aquatic organism [3, 4]. It has been 
observed in fish that the external organs were affected due to toxic chemicals. They cause loss 
of equilibrium, increasing opercular movement and finally lead to death. This may be 
attributed with significant damage to internal organs [5]. Several authors have reported that 
anionic surfactants (LAS) cause destruction in gill epithelium, impair chemoreceptor organs 
and damage epidermis and pharyngeal wall [6, 7]. 
The close contact of gills to the water favors the influence of dissolved chemical compounds, 
leading to morphological alterations [8]. Pollutant effects on gill structure of fish taken from 
polluted environments or exposed to laboratory test provide an indication of water 
contamination [9]. 
Tilapia caught from streams that received untreated domestic wastewater present gills with 
hyperplasia and detachment of the epithelium from the filament and lamella, complete and 
incomplete fusion of lamella, hypertrophy and hyperplasia of chloride cells, hemorrhage with 
epithelial rupture and aneurysm [10]. The adult tilapia exposed to wastewater from sewage 
treatment plant had edema with detachment of lamellar and filament epithelium and lamellar 
fusion, cell proliferation with thickening of gill filament [11]. 
The effect of several heavy metals seriously damages the gills of teleostean fish [12]. The toxic 
impact of the trace element zinc chloride (ZnCl2) on the gills and accessory respiratory organs 
of Heteropneustes fossilis [13]. The zebra fish belongs to the family Cyprinidae, the most 
species rich vertebrate family. The name Danio derives from the Bengali name “dhani” 
meaning “of the rice field”. D. rerio was first described by Francis Hamilton, a surgeon with 
the British East India Company, stationed principally in West Bengal at the beginning of the 
19th century. In the present investigation an attempt has been made to observe the possible 
histological changes in the vital organ, gills of the fish, D. rerio exposed to sub lethal 
concentration of ABS. 
 
2. Materials and methods 
The present study was carried out during the study period of 2013-2014 in the laboratory, 
Department of Zoology and Research Centre, Scott Christian College (Autonomous), 
Nagercoil, Tamil Nadu.  
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2.1 Collection and acclimatization of the test fish 
Healthy D. rerio were obtained from the fish farm at 
Azhagiamandapam, Kanyakumari District. They were 
acclimatized and maintained under laboratory condition for 15 
days, feeding with commercial fish–food prepared from 
“Dried Spirulina, Daphnia and Mysis”. The fish was 
acclimatized in large FRP tanks containing tap water. Care 
was taken to avoid any sudden changes in temperature, salinity 
and pH. The fish was acclimatized for about 15 days before 
the commencement of the experiments. 
 
2.2 Experimental set up 
The histopathological studies were carried out for Alkyl 
benzene sulfonate. About 300 mg of the ABS powder was 
weighed and thoroughly mixed with tap water and made into 
150 ml. 
The exposure solution was renewed completely each day in 
order to ensure constant concentrations. Physical and chemical 
factors of water, such as temperature, pH and dissolved 
oxygen were maintained at appropriate values. Based on the 
96 h LC50 value of ABS for Zebra fish, 27.31 mg/l, two 
sublethal concentrations (1/4th and 1/10th of the 96 h LC50) 
were chosen. So, the fishes were exposed to 6.82 and 2.73 
mg/l concentrations of commercial ABS. Exposure to the 
different concentrations was conducted in triplicates and three 
control assays were run simultaneously. The control tanks 
were kept under the same conditions without addition of 
surfactant. Sampling of fishes was done after 30, 45 and 60 
days from the beginning of experiment. Daily Samples of 
water were taken and measured for ensuring that the 
concentration of toxicant maintained as near as possible to the 
nominal value. 
 
2.3 Histological analysis 
After anesthetizing of fishes, the gills were removed and fixed 
by Bouin’s solution. Then tissues were processed in a routine 
paraffin embedding procedure. Sections of 5 mm thick were 
taken which were later stained by haematoxylin and eosin 
method. Stained sections of liver were examined by light 
microscope. 
 
3. Result 
The gills from control specimens showed normal conditions. It 
is fresh and red in colour and the gill lamella were arranged 
normally (Fig -1). In the gills of D. rerio exposed to 1/10th 
LC50 of Alkylbenzene sulfonate for 30 days, peeling and 
removal of gill epithelium, haemorrhage, loss of normal 
structure, loss of cartilage and heavy damage to all parts were 
observed. Afferent and efferent blood vessels and branchial 
cartilage of gill rachis revealed absence of RBCs in one of the 
vessels and partial erosion of connective tissue sheath of core 
cartilage. Inter branchial passage of gill shaved scattered blood 
clots and loose RBCs as debris in a stream. Altered histology 
and delamination of branchial epithelium from the gill rakers 
(Fig -2) was vividly noticed. 
Fishes exposed to 1/4th 96h LC50 concentration of 
Alkylbenzene sulfonate for 30 days lead to aneurysm in major 
blood vessels, haemorrhage in almost all blood vessels and 
capillaries, damage to cartilage, blebs in secondary branchial 
filaments. The consequent debris of damaged and discarded 
tissues were found scattered around (Fig - 3). 
Enlarged mucous cells on the side of gills facing pharynx 
under high magnification were observed in fishes exposed for 
45 days to 1/10th 96h LC50 of Alkylbenzene sulfonate. These 

cells showed manifold increased at several gill rakers. This 
condition indicated a counter action against the irritation 
caused to the tissues by the chemical for a prolonged period of 
45 days even in low concentration (Fig - 4). 
Gill suffered hemorrhage in almost all blood vessels and 
capillaries, cartilage was damaged, blebs occurred in the 
secondary branchial filaments and debris of damaged and 
discarded tissues were scattered around. Origin, middle and tip 
of a branchial filament were totally lost owing to the effect of 
1/4th concentration of Alkylbenzene sulfonate for 45 days 
exposure (Fig - 5). 
In D. rerio exposed for 60 days to 1/4th and 1/10th 96h LC50 of 
Alkylbenzene sulfonate, the primary and secondary branchial 
filaments suffered from oedema, fusion of secondary branchial 
filaments suffered and detachment of distal parts of secondary 
branchial filaments, leading to stumpy blebs (Fig – 6, 7). 
 
4. Discussion 
Toxicants in the environment mainly enter into fish by means 
of their respiratory system [14]. When exposed to toxic 
substances, the gills presented lesions, such as epithelial 
lifting, necrosis, hypertrophy, hyperplasia, lamellar fusion, 
rupture of gill tissue, hyper secretion and proliferation of 
mucosal cells [15, 8]. The presence of oedema accompanied by 
the detachment of lamellar epithelium is the first sign of severe 
gill lesion [16]. 
This lesion occurs after more severe handling and may be 
related to parasitic lesion, metabolic waste or chemical 
contaminants and when many lamellae are affected, the 
respiratory function may decrease mainly at high temperature, 
when the oxygen levels are low and the metabolic demand is 
high [17].  
 

 
 

Fig 1: Section of the gill of control Zebrafish D. rerio 
BV – Blood Vessel, SK – Skeleton, BF – Binary Filament 

 

 
 

Fig 2: Gill of D. rerio exposed to 1/10th 96hof ABS for 30 days 
BF – Damaged binary Filament, SK – Skeleton, ERY – Erythrocytes 
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Fig –3 Gill of D. rerio exposed to 1/4th 96hLC50of ABS for 30 days 
BF – Damaged binary Filament, SK – Skeleton 

GR –Fusion of gillrackers 
 

 
 

Fig 4: Gill of D. rerio exposed to 1/10th 96h LC50 of ABS for 45 days 
BF – Damaged binary Filament, BV– Congestion of blood vessels 

 

 
 

Fig 5: Gill of D. rerio exposed to 1/4th 96h LC50 of ABS for 45 days 
BF – Damaged binary Filament, BV– Congestion of blood vessels 

 

 
 

Fig 6: Gill of D. rerio exposed to 1/10th 96h LC50 of ABS for 60 days 
BF – Fusion of binary Filament, ERY- Damaged erythrocytes 

 
 

Fig 7: Gill of D. rerio exposed to 1/4th 96h LC50 of ABS for 60 days 
SK – Skeleton, ERY – Damaged erythrocytes 

GR – Fusion of gill rackers 
 
Lifting of the lamellar epithelium is one of the first changes in 
fish gills under acute exposure to toxic substances, such as 
oils, detergents, ammonia, phenols, acids and metals like 
mercury [18, 19]. Oedema and leucocyte infiltration were also 
very common gill changes in all studied species and can be 
interpreted as defense responses to toxic agents, as described 
by Heath [19].  
Histopathological changes of gill such as hyperplasia and 
hyper-trophy, epithelial lifting, aneurysm and increase in 
mucus secretion have been reported after the exposure of fish 
to a variety of noxious agents in the water such as herbicides, 
phenols and heavy metal [20].  
According to [21], the mucus layer creates a microenvironment 
that may act as an ion trap, concentrating trace elements in the 
water. The histomorphological response of the gills of fish 
exposed to ambient insecticides (including metal salts) is often 
manifested by a prominent increase in the density of its mucus 
cells [22, 23]. The large amount of mucous secretion acts as a 
defense mechanism against several toxic substances [24, 25]. The 
regular elimination of mucous layer from the gill surface into 
aquatic media helps to remove the bound pathogens, toxicants 
and foreign matters [26] which remain stick to the gills. 
Peuranen [27] noticed that the gill microenvironment differs 
considerably from that of the surrounding body and water 
causing deposition of metals on the gill surface [28]. 
Death in fish is the end product of the various effects caused in 
the various tissues and organs. When these tissues collectively 
stop functioning due to the toxin, the fish dies. For instance, 
the degeneration of gills causes a dysfunction of its gas 
exchange ability causing an anoxic internal environment [29]. 
As the gills play a role in the gaseous exchange and 
osmoregulation, the tissue transformations directly affect the 
morphophysiological mechanisms [30, 31]. Because the gills are 
in direct contact with water, toxic substances can easily 
interfere in the morphophysiology of these organs, as observed 
in the use of organic pesticides [32, 15], detergents [33], acids [24], 
and salts [34]. In the gills of D. rerio exposed to 1/10th LC50 of 
Alkylbenzene sulfonate for 30 days, peeling and removal of 
gill epithelium, haemorrhage, loss of normal structure, loss of 
cartilage and heavy damage to all parts were observed. 
The gills are considered to be one of the most delicate 
structures because of their external location and intimate 
contact with water which exposes them to various aquatic 
pollutants [35]. The morphological anomalies of the gills due to 
lead exposure are similar to the gill structural damages 
reported for a variety of toxicants like detergents [36] pesticides 
and heavy metals [37]. Roncero et al., (1990) [38] showed that 
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experimental lead nitrate poisoning caused various 
microscopic and ultrastructural abnormalities in the gills of 
Tinca tinca and pointed out that the histopathological 
alterations in the gills of fish coupled with reduction in the 
surface area of the respiratory barrier and inhibition of 
mitochondrial enzymes leads to inevitable death of the fish. 
 
5. Conclusion 
From the results of the present study, it appears that the ABS 
detergent has acute toxic and severe histopathological effects 
on the gill of Zebrafish D. rerio. So, D. rerio can be used as a 
model organism to detect the toxicity of different chemicals 
contaminated in the aquatic environment. 
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