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Abstract: The present investigation was undertaken to study the stress response in fish Channa punctatus after treatment
with 4-nonylphenol. Stress response was measured by studying the change in behaviour and immume system. After range
finding experiment fish were exposed to 5 concentrations of 4-NP and LCs, was determined (LCsy=1.27mg/1). Simultaneously
behavioural response was observed for 96 hours of exposure. After LCs, determination three sublethal concentrations were
decided and fish were exposed for 24, 48, 72 and 96 hours and differential leucocytes count was calculated. Significant change
in the number of lymphocytes, monocytes and neutrophils was seen. This study concludes that fish immune system and
behaviour are most sensitive parameters to study the stress level in fish.
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1. Introduction

NPEs are highly cost effective surfactants and hence
widely used in industrial and household applications. Their
use is growing day by day in developing countries like China
and India. According to a study conducted by [1] level of NP
in Indian river was exceeding the drinking water permissible
limit. Microbial transformation usually reduces the
environmental toxicity of a compound; but in some cases,
breakdown products are much more toxic than the parent
compounds [2]. Therefore, to gauge the environmental
toxicity of such compounds toxicity testing might be done on
final degradation products. Ubiquitous, persistent and easily
bioaccumulative nature of NP and NPEs has attracted
researcher’s attention from the past couple of years [3].

Differential leucocyte counts and behaviour belong to
important biomarkers of the fish health status. Non specific
response in fish can be evoked by physical, chemical and
perceived stressors, which is important to maintain the
homeostatic state and enable fish to cope with disturbances.
But if stress last for longer duration, it can threaten the well
being of fish [4]. Change in behavior can be noticed when the
animal is exposed to a chemical concentration below than
that can cause mortality [5]. The multidisciplinary research is
required to increase the usefulness and significance of

behavioral indicators [6].

Behavioral changes shown by any organism in response to
any chemical, depend upon their mode of action [7].
Behavioral changes in response to certain chemicals like
chlorpyriphos [8], chromium [9], polychlorinated biphenyls
and tributyltin [10] have been investigated.

There is an association between circulatory system and
external environment and study of different types of blood
cells were used to study the effect of external stressors and
toxic chemicals [11]. Change in environmental conditions
may leads to damage in heamapoietic organs in fish, which
may lead to change in number and morphology of blood cells
[12]. Different stressors in environment may lead to change
in leucocytes profile and elicit a stress response [13].

The differential leukocyte count, like other hematological
parameters, is dependent on the fish species, physiological
age, sex, season of the year and different methods of rearing
and nutrition [14]. Stress caused by several of pollution
indicator can bring a marked change in the percentage and
absolute numbers of individual types of leukocytes [15].
Severe or chronic stress is often associated with poor
performance and has long been associated with
immunosuppression in fish.
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Lymphocytes, monocytes and neutrophils numbers are
known to change according to the physiological condition of
the fish. Decreased lymphocyte numbers were observed
under stressed conditions — hypoxia, cortisol induced or
during handling and transport [12].

C. punctatus is an excellent test specimen for toxicity
studies due to its wide distribution in the freshwater
environment, availability throughout the year, easy
acclimatization to laboratory conditions and its commercial
importance [16].

2. Materials and Method

2.1. Experimental Fish Specimen and Chemical

Fresh water air breathing fish C. punctatus were procured
from local fish market having weight 17 + 2 g and measured
12 £ 2 cm. Fish was treated with 0.02% KMnO, for 2
minutes to avoid any dermal infection. The fishes were then
acclimatized for 15 days under laboratory in static conditions
and kept in rectangular glass aquaria of capacity 200 litres.
They were fed with boiled egg. The faecal matter and other
waste material were siphoned off daily to reduce ammonia
content in water. 4-Nonylphenol used as test chemical
obtained from himedia (India).

2.2. LCsy Determination and Behavioural Study

Preliminary tests were performed to determine appropriate
range of toxicity of NP. A set of 10 specimens were
randomly exposed to each of the five concentrations (0.8,
1.1, 1.4, 1.7, 2mg / 1). Behavioural studies were done during
96 hrs exposure to these five concentrations. The
physicochemical properties of test water, namely
temperature, pH, DO, TDS, Alkalinity, Free CO,, TSS were
analyzed by standard methods [17] given in table-1. The 95%
confidence limit value was calculated using Probit method as
described by [18]. LCsy for NP comes out to be 1.27mg/l.
Based on LCjs, value three sub lethal concentrations 0.158
(1/8), 0.317 (1/4), 0.635 (1/2) of LCs, were chosen and fishes
were exposed to these sub lethal concentrations for 24, 48, 72
and 96 hours to see the effect on haematological profile.

2.3. Differential Leukocyte Count

For differential leukocyte count blood smear is made
immediately after taking blood. Dried at room temperature
and then fixed in ethanol for 10 minutes. Differential WBCs
were counted in blood smear after staining the slides with
Wright stain for 30 minutes, dried and observed under
microscope. 100 WBC’s were counted with blood cell
counter.

2.4. Statistical Analysis

The results are expressed as mean + S.E. The Tukey-HSD
test was considered for multiple comparisons and designed to
study significance of difference in the different leukocytes
among treated and control groups at different time intervals.
One way analysis of variance was applied to assess the effect
of concentration and time duration.

Table 1. Showing range of different water parameters.

Parameter Range
Temperature 15.2-19.80C

pH 7.55-8.29

DO 2.8-4.8 mg/l
Conductivity 0.575-0.858 ms/cm
TDS 0.289-0.470 gm/1
Salinity 0-0.24 mg/1

Table 2. Impact of 4-NP on behavior of a teleost fish, Channa punctatus for
96 hours.

Parameters Control Conc.1 Conc.2 Conc.3 Conc.4 Conc. 5
Hyperactivity - + ++ ++ +++ -+
ﬁzlisn(c)z * L o
1S{\?vtiem(:liing * + i i T
Rate of

Operculum  + A 4 45 +++ e
activity

Pigmentation - 4 ++ -+ i T+

(-) None, (+) mild, (++) Moderate, (+++) Strong

Table 3. Determination of LCs value of 4-NP in C. punctatus for 96 hours.

Chemical Fish Upper limit Lower limit LCs
4-NP C.punctatus 133 1.21 1.27mg/1
100 b b.ab.gb.
.qb,qr »q 5.9 0.q
90 1 ap a,pa’z &P 2, a,pap aqbpq 2,pa,p g= —
80
s 7
E’ 60 H Control
'§ 50 8 Ethanol
& 40 0.15mg/l
X 30 7] /
g8 7 0.31mg/1
o ©0.63mg/l
0
24h 48h 72h 96 h
Time Interval

Figure 1. Percent lymphocytes in blood of C. punctatus after treatment with different concentrations of 4-nonyphenol at different time intervals.
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Figure 2. Percent monocytes in blood of C. punctatus after treatment with different concentrations of 4-nonylphenol at different time intervals.
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Figure 3. Percent Neutrophils in blood of C. punctatus after treatment with different concentrations of 4-nonylphenol at different time intervals.

Values given as mean +standard error. Different letters (a,
b, ¢, d) are significantly different (Tukey’s test, p<0.01) and
signify the effect of duration of exposure at each
concentration. Similarly, different letters (p, q, r, s) are
significantly different (Tukey’s test, p<0.01) and signify the
effect of different concentrations of 4-nonylphenol at the
same time interval.

3. Results
3.1. Fish Behaviour and Mortality

As soon as the fish were added to water containing 4-
nonylphenol change in behavior was observed. Table-2
reveals the different behavioral changes observed in Channa
punctatus after treatment with different concentrations of 4-
NP for 96 hours. Change in behavior was even observed in
lowest concentration. Abnormal behavior observed in the
study include erratic movement, accelerated respiration, high
operculum movement, loss of equilibrium, reduced reflexes,
high pigmentation and high mucous secretion. Fish were
found at the corner of the tank and curving of spin was also
found. At the end, fish loss complete reflexes and mouth
came to surface for gulping air. Finally fish died and get
settled at the bottom of the tank. No behavioral changes were

observed in control fish. Highest death was found in the tank
with highest concentration. Fish mortality was found even
after 24 hours of exposure and a dose and time dependent
increase in mortality was found. Highest mortality was found
at highest concentration after 96 hours of exposure. LCs,
value for 4-NP in fish C. punctatus was found to be 1.27 mg/1
for 96 hours of exposure (Table-3).

3.2. Differential Leukocyte Count

Differential count of white blood cells showed changes
after exposure of fish to sub lethal concentrations of 4-
nonylphenol as compared to control fish. Lymphocytes (%)
increased significantly at (p < 0.05) after exposure, while
neutophils (%) and monocytes (%) decreased significantly at
(p £0.05) after exposure to 4-nonylphenol as compared with
control. In a control group number of lymphocytes is 84%
(Figure-1). But after treatment with 4-NP significant change
in lymphocyte number was found. Highest effect was seen at
72 hours of exposure after treatment with 0.63mg/l
concentration. ANOVA shows that change at all the
concentration and time duration was significant except at 24
hours (p<0.01). Tukey’s test shows significant change
between all the time intervals at 0.15 mg/l concentration,
while at 0.31 mg/l and 0.63 mg/l concentration significant
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change was between 48 and 72 hours. Tukey’s test reveals
the significant changes between 0.15 mg/l and 0.31 mg/l
concentrations at 48 and 72 hours.

Lowest value of monocytes was seen at 0.63 mg/1 after 72
hours of exposure (Figure-2). ANOVA reveals that all the
changes at each concentration and time interval were found
to be significant. Tukey’s test further reveals significant
changes between all the time intervals for 0.15 mg/l and 0.31
mg/l treatment groups, while at 0.63 mg/l concentration
significant change is seen between 48 and 72 hours of
exposure. Further tukey’s test shows that at 48 and 96 hours
significant change is seen between 0.15 mg/l and 0.63 mg/l
concentration, further at 72 hours significant change is
observed between all the hours of exposure.

Significant change in the value of neutrophils observed at
only 0.15 mg/l concentration (p<0.01). Further tukey’s test
shows that at 0.15 mg/l concentration, significant change is
between 72 and 96 hours of exposure (Figure-3). ANOVA
reveals that change is significant at all the hours of exposure
(p<0.01). Further tukey’s test shows that at 48 hours
significant changes are observed between all the
concentrations and at 96 hours it is between 0.31 mg/l and
0.63 mg/l concentrations.

4. Discussion

Major source of NP in aquatic system are domestic and
industrial waste water and urban and agricultural runoff.
Once released into the environment, these compounds will
climb the food chain up to humans in multiplying
concentrations because of their bioaccumulation ability. Due
to their physico-chemical properties such as lipophilicity and
hydrophobicity, they accumulate in cells, tissues and organic
materials such as sludge [19]. NP was found to be toxic
(LCs) to fish at concentrations from 17-3000pg/l [20]. The
value of LCsq of 4-nonylphenol in the present study came to
be 1.27 mg/l, indicating its high toxicity even at very low
concentration.

Behavior is both a sequence of actions, operating through
the central and peripheral nervous systems and the cumulative
manifestation of genetic, biochemical and physiological
processes essential to life, such as feeding, reproduction and
predator avoidance [21]. Fish are able to uptake and retain
different xenobiotics dissolved in water via active or passive
processes. Any change in the behavior of fish indicates the
deterioration of water quality. The performance of the normal
behavior of individual fish follows specific physiological
sequences which are triggered by external stimuli acting via a
neural network [6]. Disruption of these sequences before
completion is likely to result in detrimental behavioral
alterations. Different chemicals can differ in the types of
behaviors that they affect depending on their mode of action
[22]. In the present investigation the control fish maintained in
normal water were found to be active throughout the
experiment, but the fish exposed to 4-nonylphenol showed
abnormal behavior like erratic movement, increased
operculum activity and reduced reflexes. High pigmentation as

well as high mucus secretion was also observed. Avoidance
behavior was shown by jerky moments and the fish often came
to the surface for gulping air. Finally the fish settled at the
bottom with loss of equilibrium and rolled its body prior to
death. Different researchers have observed similar results in
different fish species in response to various toxicants. Recently
[23] found excessive mucus secretion, change in pigmentation,
muscle fasciculation, refusal of feeding and respiratory distress
in Catla catla in response to dimethoate. Similarly, gulping air,
swimming at the water surface (surface phenomenon), loss of
equilibrium, change in body colour, increase secretion of
mucus and irregular swimming activity were observed by [24]
in fish Clarias batrachus after exposure with copper sulphate.
Faster opercular activity, jerky moments, erratic swimming and
protrusion of eyes in gold fish after treatment with malathion
and hinosan was reported by [25]. Neuotoxic effects like
lateral side movement, loss of balance, movement in circular
form with jerks and increased operculum activity in Labeo
rohita exposed to chlorpyrifos were observed by [26].

The abnormal behaviors observed in the present study may
be caused by the neurotoxic effects and also by the irritation
to the perceptive system of the body. [27] have reported the
deleterious effects of 4-NP on central nervous system as well
as neuroendocrine homeostasis and cognitive functions.
Inhibition of AChE activity due to the exposure of 4-NP
activity in Mytilus galloprovincialis has been reported by
[28]. So the abnormal behavior shown by fish may be due to
abnormal level of neurotransmitters. Jumping to and fro
signify the avoidance reaction of the fishes to the toxicants.
Fish avoid the area containing chemical so mostly fishes
were in the corners of the tank. Secretion of excessive mucus
was probably due to irritation of the skin due to direct contact
with the toxicant. Mucus forms a layer between the body and
toxicant to minimize irritating effect and also inhibit the
diffusion of oxygen during gaseous exchange [24].
Preference of upper layer may be due to elevated demand for
oxygen due to respiratory stress in the exposed groups [29].
Lateral swimming and loss of equilibrium were probably due
to the impairment of the nervous system [30]. Ultimately,
fish sank into the tank bottom with a least operculum activity
showing failure to fight with NP stress and ultimately the fish
died. Inappropriate behavioral responses to environmental
and physiological stimuli due to the toxic effect of aquatic
contaminants can have severe implications for survival [31].

One of the most important pathophysiological reflectors of
whole body organism is blood [32]. Alteration in
immunological functions are regulated by leucocytes which
may be connected to immune toxic potential of a substance.
Change in leucocytes number indicate the response of fish
organism to stress reaction [33].

The differential leucocyte count has been estimated in the
study. The change in differential WBCs count can be used an
indicator of stress reaction and for immunity decrease after
exposure to toxic substances [33]. Despite some anatomical
and physiological differences, the immune system of fish is
similar to other vertebrates, and consists of various types of
cells and chemical mediators. In fish, cellular and humoral,
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non-specific and specific immune mechanisms are present.
Fish immune response may serve as an alternate or additional
model for predicting the immunotoxicity of environmental
contaminants as shown by many workers [34, 35].

The study shows that 4-nonylphenol caused
immunological impairment in fish which weaken its immune
system and may lead to severe physiological problems,
ultimately leading to death of fish. The results also showed
an increase in neutrophils and decrease in lymphocytes
number and these results are in agreement with results of
[13]. Differential leukocyte count showed a significant
increase in the population of Ilymphocytes whereas
neutrophils and monocytes were found to be decreased in C.
punctatus after exposure to copper [36]. Similar increase in
lymphocytes and decrease in neutrophils were found by [37]
in fish C. punctatus after exposure to synthetic and plant
origin pesticides. Decrease in monocyte number is observed
by [38] in C. carpio in response to pyrethriod based
pesticide. In contrast to this, [39] reported a significant
decrease in lymphocytes, neutrophils and monocytes in C.
carpio when exposed to cypermethrin. Decreased value of
lymphocytes along with other haematological parameters was
seen in L. rohita after exposure with butachlor [40]. When
fish C. gariepinus were exposed with NPK fertilizer for 56
days, the number of neutrophils and monocytes get increased
while lymphocyte number decreased [41].

From the present study it is concluded that 4-nonylphenol
act as immunosuppressant and neurotoxic. Immune system
and behavioral study are the sensitive parameters to study the
stress level in fish.
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