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RESPIRATORY AND BEHAVIOURAL DYSFUNCTION AS AN INDICATOR OF
MALATHION TOXICITY IN TILAPIA
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Abstract: Malathion is widely used organophosphate insecticide and also most important source of
environmental pollution in the developing countries including India. In the present investigation we
aimed to study the toxic effects of Malathion on behavioral and respiratory dysfunction in Tilapia
mossambica. The toxicity tests were conducted by static renewal bioassay method on the juveniles of
fish Tilapia mossambica (Peters). The LCs0 value of Malathion for Tilapia was found out to be
3.6mg/L (for 24.7gm bodyweight). One third (120 pg/1) one tenth (36 pg/1) and one fifth (7.1pg /1)
and of the LCso values were selected for sub lethal studies. Behavioral patterns and oxygen
consumption were observed in all (1/3rd and 1/5th) sub lethal concentrations during 12,24,48,72 and
96 hours exposure. Fish behaved irregular, erratic, and dartic movements, by followed hyper
excitability, loss of balance, finally settles to the bottom of the test chamber. Increase in the oxygen
consumption was observed in low sub lethal concentrations for less duration (12 hr and 24hr
exposure in 1/5" and 1/10™ exposure). However a sharp decrease in oxygen consumption was
observed in 1/3rd and 1/5th sub lethal concentrations in all fishes of all durations. Fish under sub
lethal concentration were found to be under stress and duration of the exposure is found to be an
important factor for inducing the toxic effects. Hence, respiratory dysfunction and swimming

behavior can serve as marker index of Malathion toxicity.
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Introduction: In an agricultural country like
India, insecticides represent the major
components of aquatic chemicals as pollutants.
Environmental contaminants such as metals,
pesticides, and other chemicals cause severe
risks to many aquatic organisms. For that
reason, an immense deal of previous research
has described physiological mechanisms of
toxicity in animals exposed to pollutants. On the
contrary, effects of pollutants on fish behavior
are not regularly studied. Since behavior links
physiological function with ecological processes,
behavioral markers of toxicity appear ideal for
evaluating the effects of aquatic pollutants on
fish populations. Toxicant exposure often
completely reduces the performance of
behaviors that are necessary for fitness and
survival in natural ecosystems, frequently after
exposures of lesser magnitude than those
causing significant mortality. Unfortunately, the
behavioral toxicity of many contaminants is still
unknown, necessitate their future study.

Physiological effects of toxicants in the literature
include disruption of sensory, hormonal,
neurological, and metabolic systems, which are
likely to have profound implications for many
fish behaviors. On the other hand, little
toxicological research has required to integrate

the behavioral effects of toxicants with
physiological processes. The most commonly
observed links with behavioral disruption
include cholinesterase (ChE) inhibition, altered
brain  neurotransmitter  levels,  sensory
deprivation, and impaired gonadal or thyroid
hormone levels[1].

Oxygen uptake is widely used in physiology as a
biological indicator that integrates the overall
metabolic activity of an animal in response to
specific environmental factors [2] because it
reflects energy expenditure and, ultimately, the
food requirements. The changes in the oxygen
consumption of fish as an index of toxicity to
various pesticides have been studied by several
investigators. 3], [4], [5], [6], [7].

Malathion is an organophosphorus insecticide
widely used in agriculture as well as houses for
the control of insect vectors. However, it is a
major source of environmental pollution in the
developing countries. =~ Once Malathion is
introduced into the environment it may cause
serious threats to aquatic organisms and known
to cause severe metabolic disturbances in non
target species including fish [8]. Therefore, the
present study is aimed to determine the acute
toxicity of Malathion, with reference to its
effects on swimming behavior and dysfunction
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in the oxygen consumption to the freshwater
fish Tilapia mossambica (Peters).

Materials and Methods:

Sample Collection and Maintenance: Healthy
and active Tilapia mossambica (Peters) juveniles
of same size, length and weight approximately
(22gm-25gm) (irrespective of age and sex) were
procured from the local fishermen at Jhabua,
Madhya Pradesh, India. Fish were brought to the
laboratory in large aerated containers and were
acclimatized for 20 days in 100 L glass aquaria
containing dechlorinated tap water. They were
fed with commercial dry feed pellets (Nova,
Aquatic  P.  Feed). Physico-chemical
characteristics of water were analyzed following
the methods mentioned in APHA [9]. Water
was changed every day and a 12-12 h photoperiod
was maintained during both acclimatization and
test periods. The fish were fed on a regular basis
with commercial fish food pellets during
acclimatization and test periods, but feeding was
stopped two days prior to exposure to the
pesticide.

Acute toxicity test: Malathion was procured
from the local market (50% EC. Coramandal
Fertilzers, Vellore, India). A stock solution was
prepared in acetone and mixed in water to
obtain required dilutions. Required quantity of
Malathion was drawn directly from this stock
solution using micropipette. Required dilutions
of the acetone formulation were made with tap
water. The LC50 value for 96 hours of Malathion
was determined by procedure of Finney [10].

A group of 10 healthy fishes in each group were
exposed to different concentrations of Malathion
to calculate the medium lethal concentration
LC;O value using probit analysis method. It was

found to be 3.609 mg/L. The fish, in bathes of 10,

were exposed to varying concentrations of
Malathion with 20 liters of water using three
replicates for each concentration. One third (120
pg l-1) one tenth (36 pg 1-1) and one fifth (7.1pg 1-
1) and of the LC50 values were selected for sub
lethal studies. Behavioral patterns and oxygen
consumption were observed in all experimental
and control groups. During the experimental
period the control and Malathion exposed fish
were kept under constant observation to study
swimming behavior and whole animal oxygen
consumption.

Whole body animal oxygen consumption:
The whole body animal oxygen consumption
was measured for all sub lethal concentrations
along with the control by following the methods
Welsh and Smith [u1] and modified by Saroja
[12]. Difference in the dissolved oxygen content
of the water before and after experiment yielded
the amount of oxygen consumed by the fish
during the period of experimentation. The
oxygen consumed by normal and treated fish
was determined. After experimentation, the
fishes were individually weighed and their unit
metabolism was calculated and expressed as
milliliters of oxygen consumed per gram wet
weight of fish per hour. The data were analysed
by T test for the study of significance.

Results and Discussion:

Acute toxicity study of Malathion : The
findings of research related to acute toxicity
study of Malathion in Tilapia mossambica
(Peters) in terms of treatment (concentration of
malathion) and cumulative response (mortality)
at 12, 24, 48, 72 and 96 h and corresponding
LCso values with 95% confidence limits are
presented in Table 1.

Table.1.Determination of Lethal Concentration (LC) ,, of Endosulfan for Tilapia mossambica.

(Normal laboratory conditions)

Sr. No.No. of AnimalMalathion con.ug/L 24h‘ All/é%rt;l;lty 96h % Mortality|
1 10 Control -l -1 - - -
2 10 2.0 - -1 - 2 20
3 10 3.0 - -1 - 3 30
4 10 4.0 - =11 5 50
5 10 5.0 - 1 5 50
6 10 6.0 -1 6 60
7 10 7.0 1 2| 2 6 60
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8 10 8.0 1| 1| 2 7 70
9 10 9.0 1 1| 3 9 90
10 10 10.0 1 2| 3 9 90

Newhart (2006) reported the LC50 assessments
of Malathion for different species of fish and
found that it ranges from 0.06 to 7620 pg/L. The
difference in the lethal potential of Malathion
can also be related to the variations in exposure
and tolerance related to its accumulation,
biotransformation and excretion. Differences in
metabolic pathways among species may also
result in varied patterns of bio-transformation,
leading to more or less toxic metabolites [13].
The degree of toxic effects of pesticides also
depends on length and weight, corporal
surface/body weight ratio and breathing rate
[14]. Oh et al [15] also reported that factors like
inhibition of acetylcholine esterase, detoxication
and absorption ability of liver and kidney of an
organism are responsible for toxicity of the
pesticide.

The LCs50 values corresponding to 12, 24, 48, 72
and 96 h of exposure of Malathion were 7.68i,
5.929, 4.767, 4.066, and 3.609 mg/L, respectively.
In the present study among the range for 24, 48,
72 and 96 h LCs0, there was significant
difference between 24 and 96 h LCs0 values. The
Malathion used in this study was 99% pure with
@ and ‘b’ isomer proportion of 70:30,
respectively. Low value of 96th hour LCs0
(median lethal concentration) of 3.609 mg/L
indicates that Malathion is highly toxic to fish.
The 96 h LCs0 value of Malathion found in the
present study was comparatively higher than the
many values reported earlier, which may
perhaps be due to the toughness of the test
species, size of animal, and rearing system. Hii et
al [16] also found significant differences between
24 and 96 h LC50 value as they renewed 56% of
the test solution each day. In nature, fish were
able to tolerate a short-term exposure to four
times the concentration of pesticide that kills all
the fishes in 24 h [17].

Behaviour of the Control and Exposed Fish:
Behavior provides an exclusive outlook linking
the physiology and ecology of an organism and
its environment [18]. Behavior is both a sequence
of physiological actions, operating through the
central and peripheral nervous systems and the
collective expression of genetic, biochemical and

physiologic processes essential to life. Behavior
allows an organism to adjust to external and
internal stimuli in order to best meet the
challenge of surviving in a changing
environment. Conversely, behavior is also the
result of adaptations to environmental variables.
The escaping response by fishes is one form of
phenotypic adaptation allowing fishes to survive
in altered environment [19]. Every change in the
behavior and physiology of fish indicates the
worsening of water quality, as fish serve as the
biological markers of water quality. In the
present investigation, the control fish exhibited
normal and natural behavior i.e. they were active
with their well synchronized movements. They
were even aware by the smallest disturbance,
but in the fish treated with malathion, exhibited
irregular, erratic and darting swimming
movements and loss of equilibrium which may
due to inhibition of an enzyme acetyl choline
esterase (AChE) activity leading to accumulation
of acetylcholine in the end bulbs of neuron at
synapses ending up with hyper stimulation [20].
They gradually became sluggish, hyper excited,
restless and secreted excess mucus all over the
body. Mucus secretion in fish forms a barrier
between body and contaminated environment
thus perhaps weakens the contact of toxicant so
as to minimize its irritating effect, or to
eliminate it through epidermal mucus. Similar
observations were made by Rao et al [21] and
Parma de Croux et al [22]. It is also noticed that
opercular movements of gill elevated at first in
all exposure periods but decreased further
progressively in all experimental groups. The
increased gill opercular movements observed at
first may perhaps balance the increased
physiological  activities  under  stressful
conditions [23]. Gulping of air at surface by the
exposed fish possibly a protective behavior
which helps to keep the animal away from
contact of toxic medium. One more reason
might be more demand of higher oxygen level
during the exposure period [24]. Finally, fish
sunk to the bottom of the aquarium with the
lowest opercular movements and died with their
mouth opened. However in sub lethal exposure,
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fish body became bending towards abdomen
position compared to control fish and was found
under stress, but that was not fatal. Bending of
fish indicate less quantity of food consumed by
the fish due to pesticide stress [25]. The
incidence of morphological aberrations such as
peeling of scales, yellowing, injury of skin, cracks
and necrosis of fins, eye deformities, scoliosis
(caudal bleeding), injured skull, lower lip
expansion and plentiful amount of mucus
secretion all over the body were shown in all
treated groups.

Respiratory dysfunction: As fish live in the
water, any changes in the water quality may be
reflected in the breathing activity and
respiratory gas exchanges [26]. The oxygen
consumption is regularly used as a biomarker of
pollution associated stress in biological early
warning  systems. However,  respiratory
responses were found to be less sensitive when
compared to biochemical biomarkers, but also
might be successfully used in bioassay of toxicity
testing. A change in respiration rate is one of the
common physiological responses to toxicants
and is easily detectable through changes in
oxygen consumption rate, which is frequently
used to evaluate the changes in metabolism
under environmental deterioration. It is clearly
evident from the above studies (Table.2) that
Malathion affected oxygen consumption of
Tilapia  mossambica under sub lethal
concentrations. Fish exposed to various sub
lethal concentration shown increased oxygen
consumption on first day but started decreasing
along with dose and duration of exposure. In one
tenth and one third sub lethal concentration
exposure, rate of oxygen consumption increased
in first few hours but the end of the first day
onwards it shown decreasing trend with
duration. Even it was found that the rate of
oxygen consumption was slowly decreased in
control group which may be due to the starved
conditions and the reduced metabolic rates of
the starved fish [27]. Initially the fish were in
more stress during first hour and later they
shown signs of recovery. From beginning to end
of the experimental period the fish showed
painstaking respiratory distress with rapid
opercular movements leading to the higher
amount of toxicant uptake. It is well known that

pesticides can cause respiratory distress and
even failure by affecting respiratory centers of
the  brain (or) tissue involved in
breathing[28],[29]. Fish exposed to sub lethal
concentration  showed increased  oxygen
consumption in Group II but decreased in other
treated groups along  with increased
concentration of pesticide. The fluctuated
response in respiration may be endorsed to
respiratory distress as a result of the demolition
of oxidative metabolism as in Tilapia
mossambica [30] due to cypermethrin toxicity.

Gills are the most significant respiratory organs
and all metabolic pathways depend upon the
efficiency of the gills for their energy supply.
Whichever damage to these central organs
causes a series of negative events, which
eventually lead to respiratory distress [31].
Elevated secretion of mucus layer over the gill
lamellae has been observed during experimental
period. Secretion of mucus over the gill limits
the diffusion of oxygen [30], which may finally
decrease the oxygen uptake by the fish. The
pollutants present in the water may cause
structural anomalies of gill [32] or the membrane
functions are disturbed by an altered
permeability [33] may hamper the oxygen uptake
rate. In contrast, the metabolic rate (in relation
to respiration) of fish could be increased under
toxic stress. Kalavathy et al. [25] reported that
the dimethoate is competently absorbed across
the gill and diffuse into the blood stream
resulting toxic to fish. The analysis of data from
the present investigation evidenced that
Malathion is highly toxic and had intense impact
on both behavior and oxygen consumption in
Tilapia mossambica in all sub lethal
concentrations. Consequently it has led to the
distorted fish respiratory physiology. Differences
in the oxygen consumption rate in experimental
fish treated with Malathion are perhaps due to
damaged oxidative metabolism and pesticide
induced respiratory stress. Hence, dysfunction of
behavior and respiration can serve as an index of
pesticide toxicity. The outcome of our research
suggests that the altered rates of respiration of
Tilapia may also serve as a quick biological
monitor to evaluate the impacts of Malathion on
other biotic communities in the aquatic sources.

ISBN 978-93-84124-41-0

| 61



Life Sciences International Research Journal : Volume 2 Spl Issue (2015)

ISSN 2347-8691

Table 2. Oxygen consumption (ml of oxygen consumed/gm/hr wet wt. of fish/) of the fish,
O.mossambica following exposure to different sub lethal concentrations of Malathion.

S.nojHours of|Control Sub-Lethal concentrations
exposure 1/5 1/10 1/15 1/20 1/30
A 12 1.236+/- 1.176+/- 0.1537 1.176+/- 0.1537 1.176+/- 0.1537 [1.176+/- 0.1537 1.176+/- 0.1537
0.3677

B p4 1.132+/- 0.1281 [1.098+/-0.80101.098+/-0.8010[1.098+/-0.8010[1.098+/-0.8010[1.098+/-0.8010

C U8 0.914+/-0.1718 [0.912+/ - 0.912+/- 0.912+/- 0.912+/- 0.912+/-
0.0858 0.0858 0.0858 0.0858 0.0858

D [72 0.856+/-0.1137/0.850+/- 0.850+/- 0.850+/- 0.850+/- 0.850+/-
0.0607 0.0607 0.0607 0.0607 0.0607

E (06 0.758+/-01146 [0.758+/- 0.758+/- 0.758+/- 0.758+/- 0.758+/-
0.0828 0.0828 0.0828 0.0828 0.0828

Conclusion:The analysis of data from the present investigation evidenced that Malathion is toxic
and had profound impact on behavior and respiration in Tilapia mossambica in different sub lethal
concentrations. The changes in the oxygen consumption in Malathion treated fish is probably due to
impaired oxidative metabolism and Malathion induced respiratory stress. Hence, respiratory
dysfunction and swimming behavior can serve as index of Malathion toxicity.

References

Bacchetta, C., Rossi, A., Ale, A., Campana,
M., Parma, M. J., and Cazenave, ]. Combined
toxicological effects of pesticides: A fish
multi-biomarker

Electrochemical Equalization
Systems. Analytical chemistry, 86(1), 304-
307.2013.

approach. Ecological 7. Ahmad, A. K., Munirah, A. S and Shuhaimi-
Indicators, 36, 532-538.2014. Othman, M, Preliminary Test of Fish
2. Cairns, John, and W. H, Van der Schalie. Respiratory and Locomotive Signal Using
"Biological monitoring part [—early warning Multispecies Freshwater Bio indicator
systems." Water Research 14.9, 1179- (MFB). Jurnal Teknologi, 72(5).2015.
1196.1980. 8. WHO, World Health Organization, the
3. Belding, D. L, The respiratory movements of WHO Recommended Classification of
fish as an indicator of a toxic Pesticides by Hazard.200s5.
environment. Transactions of the American 9. APHA, Standard methods for the
Fisheries Society, 59(1), 238-245.1929. examination of water and wastewater. 21st
4. Maki, A. W, Respiratory activity of fish as a ed. American Public Health Association,
predictor of chronic fish toxicity values for Washington, DC. 200s5.
surfactants. Special Technical. Publ, 667, 77- 10. Finney, D.J, Probit Analysis, 3rd Edition,
95.1979. Cambridge University, Press, London,
5. Fahmy, G. H, Malathion toxicity: Effect on 333.1971.
some metabolic activities in Oreochromis 1. Welsh, J.H. and Smith, R.I, Laboratory
niloticus, the Tilapia Fish. Gehan Intl. ]. exercises in invertebrates physiology.
Biosci., Biochem. & Bioinformatics, 2(1), 52- Burgess.1953.
55.2012. 12. Saroja, K, Oxygen consumption in relation
6. Yasukawa, T., Koide, M., Tatarazako, N., to body size and temperature in the
Abe, R., Shiku, H., Mizutani, F., & Matsue, earthworm, Megascolex marutii when kept
T, Detection of the Oxygen Consumption submerged under water. Proc. Indian Acad.
Rate  of  Migrating  Zebrafish by of Sci, 49, 183-193. 1959.
IMRF Journals | 62



Life Sciences International Research Journal : Volume 2 Spl Issue (2015)

ISSN 2347-8691

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Johnsson, C.M, and Toledo M.C.F, Acute
toxicity of endosulfan to the fish
Hyphessobrycon bifasciatus and
Brachydanio rerio. Archiv Environ. Conta.
Toxicol. 24: 151-155.1993.1993.

Murty, A.S,Toxicity of pesticides to fish.
CRC Press Inc Boca Raton, FL. p. 143.1986.
Oh H.S, Lee SKK, Kim Y.H and Roh J.K,
Mechanism of selective toxicity of diazinon
to Kkillifish (Oryzias latipes) and loach
(Misgurnus ~ anguillicaudatus). ~ Aquat.
Toxicol. Risk Assess. 14: 343-353.1991.

Hii Y.S., Lee M.Y., and Chuah T.S, Acute
toxicity of organochlorine insecticide
endosulfan and its effect on behaviour and
some hematological parameters of Asian
swamp eel (Monopterus albus, Zuiew),
Pesticide Biochemistry Physiology, 89 (1), pp
46-53. 2007.

Hassall K.A., The biochemistry and uses of
pesticides structure, metabolism, mode of
action and uses in crop protection. 2nd ed.
MacMillan, Houndsmill, England. 1990.
Little, E.E and Brewer, S.K, Neurobehavioral
toxicity in fish. Schlenk, D. and Benson,
W.H. (Ed.), Target Organ Toxicity in Marine
and Freshwater Teleost New Perspectives:
Toxicology and the Environment, Taylor
and Francis, London and New York. 2, 139-
174.200L.

Svecevieius, G, Fish avoidance response to
heavy metals and their mixtures Acta
Zoologica Lituanica. Hydrobiologia, 9, 2,
102-110. 1999.

Mushigeri, S.B. and David, M, Fenvalerate
induced changes in the Ach and associated
AChE activity in different tissues of fish,

Cirrhinus mrigala (Hamilton) under lethal
and sub-lethal exposure period.
Environmental Toxicology and

Pharmacology, 20: 65-72.2005.

Rao D.S, Carbaryl induced changes in the
haematological, serum biochemical and
immunological responses of common carp,
Cyprinus carpio, (L.) with special emphasis
on herbal extracts as immunomodulators.
Ph. D. Thesis, Andhra University, India. p.
235.2010.

Parma de Croux, M.J., Loteste, A. and

Cazenave, J, Inhibition of plasma
cholinesterase and acute toxicity of
monocrotophos in  Neotropical fish,

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

Prochilodus lineatus (Pisces, Curimatidae).
Bull. Environ. Contam. Toxicol, 69: 356-
362.2002.

Shivakumar, R. and David, M, Toxicity of
endosulfan to the freshwater fish, Cyprinus
carpio. Indian J. of Ecology, 31(1): 27-
20.2004.

Katja, S., Georg, B.O.S., Stephan, P. and
Christian, E.W.S, Impact of PCB mixture
(Aroclor 1254) and TBT and a mixture of
both on swimming behaviour, body growth
and enzymatic biotransformation activities
(GST) of young carp, Cyprinus carpio.
Aquatic Toxicology, 71: 49-59.2005.
Kalavathy, K., Sivakumar, A.A. and
Chandran, R, Toxic effects of the pesticide
dimethoate on the fish, Sarotherodon
mossambicus. ]J. Ecol. Res. Bio., 2: 27-
32.2001.

Mushigeri, S.B, Effect of fenvalerate on the
metabolism of Indian major carp, Cirrhinus
mrigala. PhD. thesis, India, Karnataka,
Dharwad: Karnatak University.2003.

Cook, J. T., McNiven, M. A., Richardson, G.
F., and Sutterlin, A. M, Growth rate, body
composition and feed
digestibility/conversion of growth-enhanced
transgenic Atlantic salmon (Salmo salar).
Aquaculture, 188(1), 15-32.2000.

O’Brien, R.D, In: Insecticides Action and
Metabolism, Academic Press, New York,
1967.

Eddleston, M., Mohamed, F., Davies, ]J. O,
Eyer, P., Worek, F., Sheriff, M. R., and
Buckley, N. A, Respiratory failure in acute
organophosphorus pesticide self-
poisoning. Qjm, 99(8), 513-522.2006.

David, M., Mushigeri, S.B. and Prashanth,
M.S, Toxicity of fenvalerate to the
freshwater fish, Labeo rohita. Geobios, 29:
25-28.2002.

Magare, S.R. and Patil, H.T, Effect of
pesticides on oxygen consumption, red
blood cell count and metabolites of a fish,
Puntius ticto. Environ. Ecology, 18: 89i-
894.2000.

Mallatt, Jon. "Fish gill structural changes
induced by toxicants and other irritants: a
statistical review." Canadian Journal of
Fisheries and Aquatic Sciences 42.4: 630-
648.1985.

ISBN 978-93-84124-41-0



Life Sciences International Research Journal : Volume 2 Spl Issue (2015) ISSN 2347-8691

33. Hartl, M.G.J., Hutchinson,S, and Hawkins, and TPhT on the freshwater adapted
L, Organotin and  osmoregulation: European flounder, Platichthys flesus L. ].
quantifying the effects of environmental Exp. Mar.Biol. Ecol., 256, 267-278.2001.

concentrations of sediment associated TBT

Govt.PG.College, Jhabua, PSC Exam Controller,
Medicaps College, Indore
myritudeari23@rediffmail.com

IMRF Journals | 64



