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have been reported to demonstrate toxicity as a result of 
direct contact with contaminants (Vijayavel et  al., 2006; 
Ansari et al., 2010; Dey et al., 2019), as a result of which 
these animals are extensively used in acute and chronic 
toxicity research. Organisms get exposed to PAHs in a 
complex mixture form often leading to either synergis-
tic or antagonistic effect. Fishes are extremely sensitive to 
various contaminants as they can accumulate a variety of 
lipophilic organic contaminants and are also competent in 
using various defensive cellular mechanisms against toxic 
compounds. Biomarkers are measurable response signi-
fying the first level of biological organization and have 
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Highlights

	X Naphthalene was found to have an inhibitory effect on the activity of acetylcholinesterase in the tissues of the brain, 
liver, muscles, and gill of Anabas testudineus.
	X AChE activity decreased in a dose-dependent manner and the same was not observed in the case of the control set.
	X Range of inhibition of AChE was between – 9.34–43.95% in brain tissues, 2.56–35.81% in liver tissue, 5.94–34.15% in 

muscle tissue and 3.92–33.75% in gills.
	X Lower AChE enzyme activity observed in the tissues of experimental animal.
	X AChE enzyme activity may be used as biomarkers tool for assessing neurotoxicity and environmental health.

Abstract. Naphthalene, a Polycyclic Aromatic Hydrocarbon is widely used as a fumigant and disinfectant despite its toxic 
effect and is ranked as the ninth most threatening compound. The present study was carried out to determine the in vivo 
effect of naphthalene at different concentrations on acetylcholinesterase (AChE) enzyme activity in different tissues of 
Anabas testudineus. The fishes were exposed to varying concentrations of naphthalene (4.2 mgL–1, 4.4 mgL–1, 4.6 mgL–1, 
4.8 mgL–1 and 5 mgL–1) for a period of 72 hours. Acetylcholinesterase enzyme activity was found to be significantly in-
hibited, in a dose-response manner. The inhibition percentage of AChE activity varied from 9.34–43.95% in brain tissue, 
2.56–35.81% in liver tissue, 5.94–34.15% in muscle tissue and 3.92–33.75% in gills in comparison to the tissues of the 
control group. Maximum inhibition of acetylcholinesterase enzyme activity in treated fish was observed in the brain fol-
lowed by liver, muscles, and gills. This study highlights the significance and role of acetylcholinesterase as a potential stress 
biomarker of naphthalene toxicity.

Keywords: naphthalene, polycyclic aromatic hydrocarbons, Anabas, acetylcholinesterase, biomarker, environmental moni-
toring.

Introduction

Polycyclic Aromatic Hydrocarbons (PAHs), are the ninth 
most commonly distributed persistent organic pollutant 
group (POPs) capable of causing health hazards (Arm-
strong et al., 2004). PAHs comprise of carcinogenic and 
mutagenic forms and are included in the European Un-
ion and the United States Environmental Protection 
Agency (EPA) (Hossain et  al., 2014; Latimer & Zheng, 
2003). Constant discharge of these persistent organic pol-
lutants into the aquatic ecosystem often leads to various 
contaminations and has been reported to affect the wa-
ter quality.  Aquatic fauna, both invertebrates, and fishes 
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been used for evaluating exposure impact (Walker et al., 
2012; Pikarainen, 2006). Therefore, identifying biomark-
ers in fish species may perhaps help to evaluate the level 
of toxicity due to the presence of PAHs in surrounding 
environments (Zulfahmi et al., 2018; Mary et al., 2014). 
Naphthalene has been one of the extensively studied 
PAH because of its high toxicity and its lower molecu-
lar weight (Palanikumar et al., 2013). It is introduced in 
the environment run-offs from coal-tar production and 
distillation units. Domestic use of naphthalene is in the 
form of mothballs, fumigants, and cleaning solutions. In 
India, the use of mothballs is very common and is found 
everywhere as there is no public information about the 
possible impact of naphthalene. High temperature coal 
tar derived from steel industry contains various organic 
chemicals such as naphthalene, xylene, toluene etc. The 
other broader application of naphthalene can be seen in 
various sectors like textile Industry as a wetting agent 
during the scouring operation and dyeing (Shenai, 2001; 
Sivaram et al., 2019; Mehra & Chadha, 2020) and prepa-
ration of wall tiles for water proofing system (Aly et al., 
2018; Balkumaran et  al., 2015). It is an important raw 
material for the production of sulfonated naphthalene 
formaldehyde (SNF) and SNF is used for increasing the 
fluidity of concrete mixtures (Zhang et  al., 2019). Con-
tinuous release and accumulation of naphthalene with its 
by-products is capable of inducing toxicity and affect the 
aquatic ecosystem. Acetylcholinesterase is found at neu-
romuscular junctions, cholinergic synapses, and has also 
been reported to be present in erythrocytes and organs 
like the liver and muscles (Gupta et al., 2017). Acetylcho-
linesterase is an important biochemical biomarker along 
with GST, CAT, and LPO (de Castilhos Ghisi, 2012). Brain 
and muscle tissue of fish generally contain AChEs, while 
liver and plasma contain Butyrylcholinesterases (BChEs) 
(Fulton & Key, 2001). BChE indirectly helps in detoxifica-
tion  and probably protects AChE from anticholinestera-
sic agents (Whittaker, 1980). AChE signifies the combined 
activity of Butyrylcholinesterase and Acetylcholinesterase 
found in muscles. The increased exposure can lead to a 
decrease in the activity of AChE. Several literatures have 
reported the various toxicity effects of naphthalene in 
aquatic animals (Vijayavel et al., 2006; Ansari et al., 2010). 
Hauser-Davis et  al. (2019) observed that the activity of 
AChE is inhibited by PAHs in mullet. They reported that 
2-Naphthol was a less potent AChE inhibitor compared 
to Naphthalene and mullet brain extracts can be used to 
analyze the neurotoxic effect of PAHs on fish AChE. Simi-
lar results pertaining to inhibition of AChE in Nile tilapia 
exposed to textile industry effluent has been discussed in 
a review paper by Athira and Jaya (2018) and they have 
highlighted the role of fish biomarker for understanding 
the effect of contaminants found in textile effluent. How-
ever, very scarce information is available related to AChE 
activity as a result of naphthalene exposure in Anabas tes-
tudineus. The objective of the present investigation was to 
study the effect of naphthalene on AChE activity in dif-
ferent tissues of Anabas testudineus. AChE is a functional 

biomarker which can be used in different animal systems 
to understand the effect of xenobiotics and its study is im-
portant as it acts as a stress responder. Response of AChE 
can be integrated and correlated with antioxidant defense 
mechanism along with lipid peroxidation level to observe 
the results of toxicant exposure.

1. Materials and methods 

1.1. Fish collection and acclimatization 

Anabas testudineus with an average weight of 11.2±0.62 grams 
and length 11.2±0.10 cm were obtained from CIFA (Cen-
tral Institute of Freshwater Aquaculture) Bhubaneswar, 
Odisha, India. Fishes were stocked in 50L glass aquari-
ums and acclimatized in laboratory conditions for two 
weeks. During the acclimatization period the physico-
chemical properties of water (pH 7.56±0.10, tempera-
ture 22.60±0.39  °C, dissolved oxygen 5.12±0.57  mgL–1, 
total hardness 161.2±0.87 mgL–1 and alkalinity of 
146.4±0.76  mgL–1) was constantly monitored using 
standard protocols (American Public Health Association 
[APHA], 2005). The fishes were fed dry commercial feed 
having 45% protein regularly once a day. However, feed-
ing was stopped 24 hrs before carrying out toxicity tests. 

1.2. Acute toxicity (LC50)

Toxicity tests were carried out initially to determine LC50 
of naphthalene after 72 hours. Separate glass aquariums 
(50 L) were taken and different concentrations of naphtha-
lene ranging from 0.1 mgL–1 to 5.4 mgL–1 were added. 20 
healthy fish were collected from the stock and introduced 
into each aquarium. Triplicates were maintained for each 
concentration along with a separate control set. Naphtha-
lene was procured from Central Drug House (CDH), New 
Delhi, India, and was dissolved in acetone. The mortal-
ity rate was calculated taking into account the number 
of dead fishes after 72 hours of exposure. The LC50 for 
naphthalene was determined by the graphical and probit 
analysis method (Finney, 1971). 

1.3. Experimental design

For experimental dose duplicate sets (n = 6) were main-
tained for each concentration. The experiment was done 
using 25  L of water and the capacity of the aquarium 
was 50 L. Dose concentrations used for the experimental 
work were 4.2 mgL–1, 4.4 mgL–1, 4.6 mgL–1, 4.8 mgL–1 and 
5  mgL–1. Feeding was stopped one day before exposure 
to toxicity tests. Acetone was used as a carrier to dissolve 
naphthalene in water. The fishes were not fed during the 
exposure period of the experiment and the toxicant in 
the medium was not renewed following the guidelines of 
static toxicity test.

1.4. Water analysis

Water temperature, pH, dissolved oxygen, water hardness, 
and alkalinity were regularly kept in check using standard 
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methods (APHA, 2005). Naphthalene concentration in 
the experimental tank was confirmed and detected us-
ing High-performance liquid chromatography (HPLC). 
The water samples were collected in amber colored Tar-
son sample containers having a capacity of 1000 ml and 
for each dose a duplicate set was maintained. The water 
samples were filtered through a 0.45 μm microporous 
filter membrane to remove any suspended particles. The 
filtered water samples were transferred into a separat-
ing funnel and a mixture of 100 ml of n-hexane and 
dichloromethane was added and stirred for 2 minutes. 
Samples were extracted within 48 hours using n-hexane 
and dichloromethane. The water phase was drained and 
the organic phase was transferred into a glass funnel 
containing 20 g of anhydrous sodium sulphate and re-
extracted with 50 ml of the same solvent mixture. The 
extract was concentrated prior to PAH analysis. Naph-
thalene residues were analyzed by High-Performance 
Liquid Chromatography (HPLC), with a UV detector set 
at 275 nm, an automatic injector with a capacity of 20 
µl, and a reverse-phase symmetry column. The mobile 
phase was methanol and ultrapure water in the ratio of 
80:20 at a flow rate of 1 mL/min, and the injector vol-
ume was 20 µL. 

1.5. Homogenate preparation and AChE activity 
assay

Tissues like brain, gill, liver, and muscle were removed 
from the experimental (n = 6×2) and control (n = 6×2) 
fishes after 72 hours of exposure for analysis of AChE 
activity. The tissues were excised and cleaned in an ice-
cold saline solution (0.85%). They were homogenized in 
2 ml of Tris – HCL (pH 7.5, 0.1 M) using a precooled 
homogenizer with a serrated pestle (HiMedia Labora-
tories, Mumbai, India) at 4  ºC. The homogenate was 

centrifuged at 1200 rpm for 15 minutes and the super-
natant was used to determine enzyme activity. The reac-
tion mixture (3.0 ml) consisted of 0.5 M Tris–HCl buffer 
(pH 7.5), 1 mM DTNB, 0.1 mM acetylcholine chloride 
and 100 µl of tissue supernatant. The rate of AChE activ-
ity was measured spectrophotometrically at an interval 
of 30 seconds for 5 minutes at 412 nm (Ellman et  al., 
1961). The AChE activity was expressed as nmole (prod-
uct) formed/min/mg of protein. Protein was determined 
using bovine serum albumin as a standard (Lowry et al., 
1951).

1.6. Statistical analysis

Data were presented as mean ± SEM. Results were 
compared using one-way analysis of variance (ANO-
VA) (p < 0.05 was found to be statistically significant) 
followed by Dunnett’s test using a statistical software 
GraphPad Prism 5. Dunnett test was used for comparing 
mean from multiple experiment groups against a control 
group to elucidate difference if any and has been used 
after running the ANOVA for identification of pairs 
with significant differences. At the initial stage data was 
tested for normality and homogeneity of variance by 
Levene’s test. This was followed by One way ANOVA 
and Dunnet’s post-hoc test.

Table 1. ANOVA result of AChE activity of the control group 
and brain, liver, muscle and gill tissues of experimental group

Tissue F R2 Significance

AChE

Brain 624 0.99 <0.0001
Liver 353.9 0.98 <0.0001
Muscle 630.7 0.99 <0.0001
Gills 185.2 0.96 <0.0001

Figure 1. AChE activity in the tissues of A. testudineus after exposure to different concentrations of naphthalene. Values expressed as 
mean ± SEM and alphabet superscripts are significantly different (p ≤ 0.05)



406 S. Nayak, L. Patnaik. Acetylcholinesterase, as a potential biomarker of naphthalene toxicity in different tissues of...

2. Results and discussion

2.1. Water analysis and acute toxicity test

The average mean values of water quality parameters meas-
ured during the experiment were pH 7.56±0.10, tempera-
ture 22.60±0.39  °C, dissolved oxygen 5.12±0.57  mgL–1, 
total hardness 161.2±0.87  mgL–1 and alkalinity 
146.4±0.76  mgL–1 (Table 2). The 72 hr LC50 for naph-
thalene in Anabas testudineus was found to be 5.4 mgL–1 
(Patnaik et al., 2016). The concentration of naphthalene 
in experimental medium was 0.006, 0.008, 0.019, 0.056, 
and 0.105 mgL–1. Naphthalene is a low molecular weight 
polycyclic aromatic hydrocarbon less sensitive to photo-
oxidation, as a result it remains persistent in surrounding 
water leading to bio-accumulation over a period of time 
(Ansari et al., 2010). There is very limited data on chronic 
exposure of aquatic animals to naphthalene. DeGraeve 
et al. (1982) had reported a 96 hr LC50 value of 1.6 mgL–1 
for rainbow trout and 7.9  mgL–1 for fathead minnows.  
Ansari et  al. (2010) had reported a 72 hr LC50 value of 
1.56 mgL–1 in juveniles of Metapenaeus affinis. Sogbanmu 
et al. (2018) had reported a 96 hr LC50 value of 7.21 mgL–1 

in Clarias gariepinus respectively. Similarly, Palanikumar 
et al. (2013) had reported a 72 hr LC50 value of 9.80 µgL–1 
in juveniles of Chanos chanos.

Table 2. Water quality parameters of the experimental tank 

Parameter Method Results

Temperature Thermometric 22.60±0.39 °C
pH pH meter 7.56±0.10
Dissolved 
Oxygen

Titrimetric (Winkler’s 
Method) 5.12±0.57 mgL–1

Total 
Hardness Titrimetric 161.2±0.87 mgL–1

Alkalinity Titrimetric 146.4±0.76 mgL–1

2.2. AChE activity

Naphthalene was found to have an inhibitory effect on 
the activity of acetylcholinesterase in the tissues of the 
brain, liver, muscles, and gill. AChE activity decreased 
in a dose- dependent manner and the same was not ob-
served in the case of the control set (p < 0.05) (Figure 1, 
Table  1). AChE activity was measured and expressed 
as n moles of thiocholine formed/min/mg of protein. 
The decrease in AChE activity at different concentra-
tions of naphthalene was recorded maximally in the 
brain (–43.95%) followed by liver (–35.81%), muscles 
(–34.15%), and gills (–33.75%) after exposure for a pe-
riod of 72 hours (Figure 2). Range of inhibition of AChE 
was between – 9.34–43.95% in brain tissues, 2.56–35.81% 
in liver tissue, 5.94–34.15% in muscle tissue and 3.92–
33.75% in gills. The in-vivo effects of various pollutants 
like heavy metals, pesticides, dyes, etc have been exten-
sively studied however there is dearth of information re-
garding the in-vivo effects of PAH naphthalene on AChE 
enzyme activity of aquatic organisms, despite its rampant 
use and presence in aquatic bodies. The results of the 
present study clearly demonstrate that the applied doses 
of naphthalene could induce a change in the AChE level 
in Anabas testudineus. Acetylcholinesterase (AChE) plays 
a very important role in neurotransmission by breaking 
neurotransmitter acetylcholine to choline and acetate. In-
hibition of AChE leads to the accumulation of ACh and 
can alter nerve conduction pathways (Sturm et al., 1999). 
Acetylcholinesterase enzyme is crucial for spotting food, 
prey and equally required for monitoring of predator 
movement (Rani et al., 2017), and AChE accumulation 
in the brain causes over stimulation of cholinergic recep-
tors resulting in a decline in neural and muscular control 
leading to change in normal behavioural patterns (Perei-
ra et al., 2012). Constant accumulation of acetylcholine 
leads to twitching, quivering, seizures and paroxysms 

Figure 2. Percent inhibition of AChE activity in the tissues of the A. testudineus after exposure  
to different concentrations of naphthalene
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leading to the death of the aquatic organism (Sharbirde 
et al., 2011). AChE inhibition also affects the activity of 
ATPase enzyme involved in energy production and mus-
cle contraction (Sen & Karaytug, 2017). Similarly, fishes 
exposed to naphthalene exhibited a decrease in swim-
ming activities and loss of buoyancy, which could be the 
result of decrease in the activity of the ATPase enzyme. 
Decreased AChE activity can damage the cell structure 
subsequently leading to lower expression of AChE in 
various tissues (Topal et  al., 2016). The suppression of 
AChE activity in response to pollutants may also lead to 
an inflammatory response (Podolska & Napierska, 2006). 
PAHs toxicity depends on its stability, lipophilicity and 
its ability to accumulate in fatty tissues (Oropesa et al., 
2007). Recent work by Panda and Mahanta (2020) have 
reported the presence of naphthalene and other PAHs in 
Mahanadi Estuary at Paradeep, Odisha. The estuary is 
surrounded by industrial units and naphthalene concen-
tration ranged from 0.9–3.2 ppb which was much higher 
than the WHO prescribed guidelines i.e 50 ng/L. Few au-
thors have stated that PAHs do not directly affect AChE 
activity, however, much clarity regarding the same is not 
available (Kopecka-Pilarczyk & Correia, 2011). Various 
studies have been carried out to understand the inhibi-
tory effect of AChE in aquatic animals in response to 
heavy metals, pesticides, and dyes (Sharbidre et al., 2011; 
Al-Ghais, 2013; Rickwood & Galloway, 2004). European 
eel Anguilla Anguilla showed a decreased AChE activity 
in the liver and muscles which were concentrated with 
phenanthrene, naphthalene and anthracene. Interaction 
of xenobiotics leads to a positive correlation between in-
hibited enzyme activity and PAHs concentrations (Buet 
et al., 2006). Cholinesterases can provide important in-
formation about the physiological status of the exposed 
organism and environmental health (Jebali et al., 2013).  
The xenobiotics are capable of damaging the biological 
membranes which lead to various changes in cell me-
tabolism. Studies carried out in sea birds as a result of 
the aftermath of Prestige oil tanker spill confirm the role 
of PAH as naphthalene and its alkyl derivate in inhibit-
ing AChE activity (Oropesa et al., 2007). Similar changes 
have been observed in female Salmo trutta fishes on ex-
posure to paper and pulp mill effluents containing PAHs 
(Payne et al., 1996). Work carried out by Lionetto et al. 
(2013) reported results on similar lines but the work has 
been carried out in-vitro (Lionetto et  al., 2013). Thus, 
from the present study, it is evident that the exposure 
to naphthalene leads to significant changes in the AChE 
pathway of Anabas testudineus. The results highlight the 
role of AChE as an important and reliable biomarker in 
ecotoxicological studies. Biomarkers provide information 
about the biological effects of a certain type of pollutant 
and can be used to elucidate the relation of dose-effect 
in monitoring and health risk assessment (de Castilhos 
Ghisi, 2012). AChE activity assessment symbolizes bio-
marker of effect response due to measurable changes oc-
curring within the organism.

Conclusions

Environmental pollution caused by different toxicants has 
become a matter of concern for aquatic organisms. The 
present study emphasizes the role of AChE as a signifi-
cant biomarker, which can be used for understanding the 
toxic effect of other PAHs in the aquatic ecosystem. Bio-
monitoring studies involving biomarkers require a clear 
understanding of the relationship between exposure and 
response in the form of biochemical and neurological 
changes. AChE activity is generally inhibited and blocked 
by different toxicants. AChE can be used as one of the 
important biomarker tools signifying environmental con-
tamination and its impact on the exposed organism.  
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