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Introduction:-

The uncontrolled use of paraquat by paddy-field farmers raises serious concerns regarding environmental safety.
The paraquat is used in weed control and is applied before planting the paddy. The chemical through surface run off
reach areas like rivers or streams and become the critical problems to our environment and detrimental to in public
health. The chemical properties in water may affect the freshwater aquatic organism, especially fish. The
contaminations due to chemicals in waters and land or soil may prove toxic to all classes of living organisms
(Kumar et al., 2015).

Anabas testudineus is a freshwater fish of the family Anabantidae which is one of the most common fish found at
wet areas of paddy fields in Malaysia. This fish is native to Asia and can live in low water quality or polluted water.
A. testudineus is also a strong fish that can survive out of water for about 6 to 10 hours. However, this fish
population was reduced because of chemicals for agriculture, especially at the habitat of this fish.
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A sublethal test is a toxicity test that uses a non-lethal concentration of toxicant, either in a short or long-term
exposure. The main principle of sublethal test was to study the concentration response relationship between the
toxicant and sample without fatality (Broderius et al., 2005). The sublethal exposure caused several physical and
physiological effects (Kankaya and Kaptaner, 2014; Suvetha et al., 2010; Patnaik et al., 2011; Gholami-Seyedkolaei
et al., 2013). The toxicity of a variety pesticides have been reported for a number of fish species (Naserabad et al.,
2015; Patil and David, 2008; Mishra et al., 2011). In aquatic pollution, it is important to test the toxicity levels for
their safe levels permissible in the environment. Thus, to assess the safety level of any chemicals for fish, it is
important to determine the acute toxic LCs, value.

Behavioural changes are the most affective indications of toxic pollution (Richmonds and Dutta, 1992). The
behavioural changes in toxicity test are the important key factors in a basic biological monitoring. Several literatures
on this factor were abundantly reported within teleost group against insecticide, herbicide, heavy metal and other
stressors (Yilmaz et al., 2004; Mustafa and Murad, 1984; Saglio and Trijasse, 1998; Dutta et al., 1994). The
neurotoxicant exposures can alter physiological functions, resulting in abnormal behavioural patterns. An
endosulfan can caused severe damage to the brain and convulsions on a target species (Scremin et al., 2011).
Organophosphate insecticides inhibit the enzyme, acetylcholinesterase, resulting in increased concentration of the
neurotransmitter, acetylcholine and overstimulation of cholinergic pathways (Ferreira et al., 2008). The present
study has aimed to determine the lethal concentration 50% (LCsq 96H) of paraquat and its effects on behaviour to
the freshwater fish A. testudineus.

Materials and Methods:-

Fish samples

Adult A. testudineus used in this paraquat challenge test were bought from a local fish farm and had the mean body
weight of 40.0 £ 11.0g and mean body length of 13.0 = 1.0cm. The fish was acclimatized for two weeks. Feeding
activity was done thrice daily with commercial fish pellets. The healthy fishes were randomly selected and unfed for
24 hours prior to the toxicity test.

Acute Toxicity Test

Anabas testudineus was subjected to paraquat in a preliminary finding range and acute toxicity test. The farmer
grade paraguat (PELADANG, Malaysia) was diluted from initial concentration; 135.59 gL™ into a secondary
dilution; 100 mgL™ and later to be diluted into smaller series of paraquat concentrations. A preliminary finding
range test (FRT) was completed to determine the toxicant concentration in an acute toxicity test (USEPA 2002). The
24 hours preliminary finding range test was conducted by introducing A. testudineus (n=25) to several series of
paraquat concentrations (10, 20, 30, 40, 50 mgL™).

In an acute toxicity test (96H LCsg), sixty healthy A. testudineus (40.0 + 11.0g and 13.0 + 1.0cm) were exposed to
several series of paraquat concentrations (0, 5, 10, 20, 30 and 40 mgL™), with a triplicate by following a method
from Ada et al (2012). In conjunction to the test, water changes and feeding were prohibited. Mortality observations
were done for every two hours. Dead fish was classified if mouth and opercula movement stopped moving and there
was no reaction from mechanical stimuli. They were removed immediately from the water (Anur et al., 2011). The
LCsx, value was derived from the mortalities (Stephan 1977; USEPA 2002; Abedi et al., 2012).

Behaviour study

Anabas testudineus used in this study had mean body weight of 40.0 + 11.0g and body length of 13.0 £ 1.0cm). In a
static bioassay of the 48H test, fifty adult A. testudineus were challenged with four different paraquat concentrations
along with a control (triplicate) and 10 fishes used for each concentration based on the LCs, test result. The
concentrations for behaviour study were 2, 5, 12 and 15mgL™. Each clinical sign exhibited by A. testudineus were
classified as agitation, respiratory distress and abnormal nervous behaviour. The data of clinical signs display or
behaviour were collected according to Benli and Ozkul (2010) and Hassan et al (2013; 2015).

Results:-

Acute toxicity test

Interaction between paraquat acute toxicity to A. testudineus revealed the percentage of mortalities proportionally
increased in sync with paraquat concentration and exposure time (Table 1). At 24 hours of exposure, 80%
mortalities occurred with 40mgL™. At 48 hours of exposure, mortalities were increased 20% in 20 mgL™ of
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concentration and 100% in 30 and 40mgL™. At 96 hours of acute toxicity test, mortalities was 0% for control, 5 and
10 mgL™ groups, and 100% for 20, 30 and 40 mgL™ of paraquat. Based on these results, it shows that time and

concentration of exposure played an important role to A. testudineus death. The calculated value for 96H LCs, of
paraquat is 16.81mgL™ (Figure 1).

Table 1:-Percentage of mortality of A. testudineus exposure to paraquat for 96H.

Concentrations (mgL™) Mortality (%)

24 48 96

Control 0 0 0

5 0 0 0

10 0 0 0
20 0 20 100
30 0 100 100
40 80 100 100

Figure 1:-Linear relationship of A. testudineus exposed to paraquat; 96H with LCs, of 16.81 mgL™ (Y = 2.9752 X

and R® = 0.7851).
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Behaviour study
Agitated behaviour

Table 2 presents the behavioural response of the A. testudineus to paraquat in different concentrations. The agitated
behaviour increased with increased concentration of the paraquat and time exposure. The agitated behaviour that
was recorded during 48 hours of experiment was aggression, stunned posture, the fish moved frequently from
surface to bottoms and erratic swimming. At higher concentration 15 mgL™, the A. testudineus showed more
movement from surface to bottoms, and moderate changes in erratic swimming. The fish was not too aggressive at

the highest concentration

Table 2:-Agitated of A. testudineus subjected to paraquat for 48H.

Clinical Signs Paraquat concentration (mgL™)
2 5 12 15
Aggression + + + +
Stunned Posture - - - +
FSBM + +++ +++ +++
Erratic Swimming + ++ ++ ++

Frequent Surface to bottom movements (FSBM).

None (-), Weak (+), Moderate (++), Strong (+++).
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Respiratory distress

Table 3 presents the respiratory distress behaviour changes at different concentrations. The respiratory distress
behaviour increased with increased concentration of paraquat and time of exposure. At concentration 5 mgL ™, the
respiratory distress started to show strong changes of behaviour including opercula movement, air gulping, vertical
posture with exposed snout and excessive mucus secretion.

Table 3:-Respiratory distress of A. testudineus subjected to paraquat for 48H.

Clinical Signs Paraquat concentration (mgL™)
0 2 5 12 15
Opercula Movement + +++ +++ +++
Air Gulping - ++ +++ +++ +++
VPES - ++ +++ +++ +++
EMS - + +++ +++ +++

Vertical Posture with Exposed Snout (VPES), Excessive Mucus Secretion (EMS).
None (-), Weak (+), Moderate (++), Strong (+++).

Abnormal nervous behaviour

Table 4 presents the behaviour changes related to the nervous system. The fish in condition of motionless in 2mgL™
and started to slow move with the increased concentration. The other behaviour changes including sluggish and
swirling movement started at 5 mgL™ of paraquat concentration. However, the fish showed little changes such as
sudden darts from 2mgL™ until the highest concentration. No fish died in all concentrations tested.

Table 4:-Abnormal nervous behaviour of A. testudineus subjected to paraquat for 48H.

Clinical Signs Paraquat concentration (mgL™)
0 2 5 12 15
SSM - - T T n
State of Motionless - ++ ++ ++ ++
Sudden Darts - + + + +
DP - - - + +
Death - - - - B

Sluggish and Swirling Movements (SSM), Different Posture (DP).
None (-), Weak (+), Moderate (++), Strong (+++).

Discussion:-

Toxicity test is a survival challenge towards a series of xenobiotic concentrations, either as an acute or chronic
exposure (OECD, 2012; HESIS and LOHP, 2008).During the exposure, several effects may occur in test organisms
including haematology, histopathology alterations, disruption in ionic regulation and gill activity.

The LCsq value is referred to a specific lethal dosage which causes 50% mortalities of test subject within a specific
test period. In the present study, the 96HLCs, value of paraquat was 16.81 mgL™. Besides, this value can evaluate
the toxicant toxicosis during an acute toxicity test, namely in physiological and biological effects. Anabas
testudineus mortalities were directly proportional to paraquat concentration and were caused by dosage of
xenobiotic and time of exposure (Table 1). These factors were caused a bioaccumulation, where the liver
detoxicification activity is lower than toxicant uptake. Thus, it will affect the enzyme inhibition such as
acetylcholinesterase inhibition, cellular activity such as energy production, physiological effects such as
behavioural changes and death ( Kumar et al., 2016; Hansen et al., 2002; Gholami-Seyedkolaei et al., 2013; Silva et
al., 2013). Numerous studies on acute toxicity involving different species of fish with same xenobiotic, resulting in
different LCs, value among the fish species itself. Primarily, it is due to different tolerance level of the fish species
towards the xenobiotic. The sensitivity is known as a dose-response relationship, that is a fundamental in toxicology
(Oulmi et al., 1995). Furthermore, similar relationship was found in the Clarias gariepinus exposed to paraquat (18
mgL*), Mesopotamichthys sharpeyi (1.11 mgL™), and Oreochromis niloticus (7 mgL™) (Omitoyin et al., 2006; Ada
et al., 2012; Safahieh et al., 2012)

Behaviour changes are the most sensitive in indication of potential toxic effects (Farah et al., 2004). Anabas
testudineus exhibited a number of behaviour changes when they were exposed to different concentrations of
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paraquat. In this study, the control fish were calm and did not show any stress or aggressive. The behavioural
changes can be considered as symptoms of stress on account of the toxicological nature of the environment.

The fish with different concentrations of paraquat showed agitated behaviours such as aggression, stunned posture,
frequent surface-to-bottom movements and erratic swimming during the test. The rate of frequent movement from
surface to bottom and erratic swimming were increased with the increase of paraquat concentrations. However, the
fish showed slight aggression from 2mgL™ to highest concentration. The fish appeared slightly weak when they are
in stunned posture and observed at 15mgL™. These behaviours were symptoms of loss of coordination and response
of fish to paraquat toxicity. The erratic movements and abnormal swimming are triggered by deficiency in nervous
and muscular coordination which may be due to accumulation of acetylcholine in synaptic and neuromuscular
junction (Rao et al., 2005).

The respiratory distress among A. testudineus was observed at the lowest paraquat concentration, 2mgL™. The fish
increased in surfacing, vertical posture with exposed snout and gulping of surface waters and appeared to avoid
breathing in the toxic water. A film of mucus was observed on both body and gill of A. testudineus. It acts as an
additional barrier for the A. testudineus in minimizing direct contact with a toxic environment. An excess secretion
of mucus all over the body of fish is non-specific response against toxicants and a way to reduce the toxicant contact
(Singh et al., 2009).

In toxic environment, the gill was damaged, contributing to a low oxygen consumption which leads to a hypoxia
condition. Hypoxic condition triggered the A. testudineus into hyperventilation. In exchange for high oxygen
uptake, the hyperventilating A. testudineus had an increment in an opercula movement, VPES and air-gulping
behaviours. Similar behaviours were expressed by Labeo rohita (Patil & David, 2008) for the same purpose as A.
testudineus in this experiment. Overall, the respiratory distress expressed by A. testudineus in paraquat exposure
was justified as a protection and high oxygen demand under a stressful condition. According to Tilak et al., (2007),
the oxygen consumption rate and haemoglobin level was significantly lowered with an increment of xenobiotic
concentration. The hemoglobin played an important role in oxygen carrying and energy production during the
release of oxygen molecule; aerobic respiration in the tissues. Thus, any affects by paraquat exposure to the gill was
responsible for the energy depletion. Dube and Hosetti (2010) also mentioned that the low oxygen consumption and
aerobic respiration were affiliated to respiratory distress.

Each group of animals display different collective animal behaviour. The fish exhibit a number of abnormal nervous
symptoms when exposed to paraquat for 48 hours such as sluggish and swirling movement, state of motionless,
sudden darts, different postures and death. This behaviour occurs because it is triggered by deficiency in nervous
and muscular coordination which may be due to accumulation of acetylcholine in synaptic and neuromuscular
junctions (Rao et al., 2008; Bell, 2001). Furthermore, the gradual loss of equilibrium and drowning who lead to
sluggish and swilling movement, state of motionless and sudden darts behaviours could be the adverse effects of
paraquat toxicant on central nervous system. This is due to stressful condition promoted by paraquat exposure. No
mortality occurred because the paraquat concentrations used was not the lethal dosage. The results showed that
could be low accumulation of toxicant occurring in the fish body. The other possibility is the function of liver
detoxified and expelled the toxicant from the body via excretory system. Shiogiri et al., (2012) explained the
importance of liver as a detoxification organs and its incompetency caused by the toxicant. High toxicant
accumulations will disrupt the fish physiological functions and eventually cause death. But, in the sublethal
condition, the toxicant residue was unable to disrupt physiological function and kill the fish (Ikpesu, 2013).

Conclusions:-

In conclusion, this study reviewed the different changes of fish behaviour with different paraquat concentrations.
The concentrations used can be as an indicator for the water polluted by paraquat if the fish die. This information is
important for human safety and measurement of the environmental health.
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