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Effect of monocrotophos on the oxygen consumption of the freshwater fish channa striata
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Abstract

The freshwater fish, Channa striata fingerlings were exposed to 10% and 30% sublethal concentrations of (LCso for 96h ppm —
0.38 ppm) monocrotophos for a period of 10, 20 and 30 days to study the effect of monocrotophos on the rate of oxygen
consumption. The rate of oxygen consumption in control Channa striata were 0.579, 0.584 and 0.582 ml/O./g/hr at 10,20 and
30 days, respectively. The fish exposed to sub lethal concentrations of monocrotophos shown the oxygen consumption at the
rate of 0.518, 0.439, 0.367, 0.448, 0.382 and 0.274 ml/O/g/hr at 10 and 30% sub lethal concentrations of 10, 20 and 30 days
respectively. In this study, the oxygen consumption was gradually decreasing with increasing exposure periods. Maximum
decline (-52.92%) over control in the rate of respiration was noticed in 30% sub lethal concentration on 30 days of exposure.
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Introduction

Any change in the aquatic medium affects respiratory
potentials of the fishes. The respiratory potentials of an
animal are the important physiological parameters to assess
the toxicity stress because it is a variable indicator of energy
expenditure in particular. The early symptoms of acute
poisoning by pesticides are the alteration or failure of
respiratory metabolism (Holden, 1973). A number of
investigations on oxygen consumption of fishes have been
reported (Sigh and Singh, 1979; Sarkar, 1989, Sultana and
Umadevi, 1995; Mathew et al., 1997 and Vitukuru, 2005).
The overall decrease in the amount of oxygen consumption
in Channa striatus is due to injury caused to the red blood
corpuscles by the pesticides and reduction in the RBC
count, following exposure to Metasystox (Natarajan, 1981).
When Channa punctatus was exposed to different
concentrations of Sevin, it showed tremendous drop in its
opercular movement. This reduced opercular movement was
affected by the contact of pesticide through the gill chamber
of the fish (Anbu and Ramasamy, 1991). A reduction in
haemoglobin content and erythrocyte count resulting in
hypochromic microcytic anaemia have also been suggested
as reasons for drop in O, uptake in the fish Sarotherodon
mossambicus exposed to lethal concentration of sumithion
and sevin (Ranganatha Koundinya and Ramamurthi, 1979).
Natarajan (1981) and Huner et al. (1967) have also got
similar results in the fish C. striatus, and blue gill, Lepomis
macrochirus respectively due to the exposure of the
pesticides, metasystox and endrin, respectively. The O;
consumption of the fish Tilapia mossambica has disturbed
when exposed to sublethal concentration of organochlorine
pesticide DDT (Ravindran and Swami, 1987). Exposure of
gold fish to methyl parathion tends to depress the rate of
oxygen consumption (Holden, 1972). Ramakrishnan and
Sivakumar (1993) reported that the rate of oxygen
consumption is decreased with increasing concentrations of
Quinolphos. Subramanian and Manickavasakam (1993)
studied the effect of alcohol distillery industry effluent on
the oxygen consumption of the freshwater edible fishes
Cyprinus carpio and Oreochromis mossambicus and

reported a decrease in O, consumption. Lomte and Jedhav
(1982) studied the effects of toxic compounds on oxygen
consumption in the freshwater bivalve, Corbicula regularis
and observed a decrease in the rate of oxygen consumption.
The decreased oxygen consumption in the fish Oreochromis
mossambicus has been observed by Mathivanan (2004)
when exposed to Quinolphos. Therefore in the present
investigation, the same concept has been employed to assess
the impact of pesticide, monocrotophos on oxygen
consumption of Labeo rohita.

Materials and Methods

The fish, Channa striata fingerlings (Weight: 15g; Length 9
cm) were collected from the Aqua Farm near Pattukkottai,
Tamil Nadu.

They were acclimatized for 15 days in large cement tanks
(Temperature — 28 + 2°C; total hardness — 518 + 23 mg/l;
DO - 5.6 £ 0.2 mg/l; salinity - 1.2 £ 0.13 pptand pH - 7.8 =
0.04) previously washed with 1% potassium permanganate.
The water as renewed every 24 h. The LCsy of
monocrotophos for 96h was found out by using Probit
method (Finney, 1971). For biochemical studies Channa
striata were reared in sublethal concentration (10% of 96
hours LCso - 0.38 ppm) for a period of 10, 20 and 30 days.
At the end of 10, 20 and 30 days, oxygen consumption was
measured in both control and treated fish.

Estimation of Oxygen Consumption

A series of rectangular glass jars, each with one litre
capacity were used as aquarium. They were filled with
water. Care was taken to avoid trapping of air bubbles. Only
one fish was introduced into each aquarium and a thick
layer of coconut oil was spread on the surface of the
medium to prevent the contact of the medium to the
atmosphere and to prevent the fish from reaching the
atmospheric air.

Before starting the experiment, the initial oxygen content of
water used for the preparation of animal chambers was
estimated by collecting a sample into a narrow mouth, glass
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stoppered sample bottle of known volume following the
Winkler’s method (Annon, 1984). A healthy fish was
allowed to respire for one hour in animal chambers. After
one hour, samples from respiratory chamber were taken into
the sample bottle of known volume through siphon system
and the dissolved oxygen was estimated.

Determination of oxygen content of the sample

The initial oxygen content of water was determined by
collecting the sample in a narrow mouthed glass stoppered
sample bottle of known volume. To this 1 ml of manganous
sulphate solution was added followed by addition of 1 ml of
alkaline iodide solution. The bottle was stoppered and
shaken vigorously and kept in a dark place to prevent any
photochemical reaction for about 15 minutes. A few drops
of conc. sulphuric acid were added into the sample bottle in
order to dissolve the precipitate. The precipitate was
completely dissolved by shaking vigorously. Twenty ml of
the sample was taken in a clean conical flask and the
liberated iodine was titrated against sodium thiosulphate
using four to five drops of starch as indicator. The
disappearance of blue colour was taken as end point. The
burette values were tabulated. The final oxygen content of
the respiratory chamber was also determined in the same
manner. Oxygen consumed by the fish was calculated by
finding out the difference between the initial and final
oxygen content in the animal chambers. Also the rate of
oxygen consumption per gram weight of the fish per hour
was calculated and the values were expressed as mi
O./gm/hour.

The dissolved oxygen content in the water was calculated
using the following formula:

K'x 200 x volume of Na,S,0, consumed x 0.698
Volume of the sample titrated

O, content ml/litre =

Volume of sample bottle
Vol. of sample bottle - Vol. of reagents added

Where K =

(0.698 is the conversion factor to convert parts per million
to ml/litre) (200 is the constant which is obtained by
multiplying the equivalent weight of oxygen and normality
of Na;S;03and 100 ml).

Results and Discussion

Oxygen consumption of fish, Channa striata exposed to
sublethal concentrations of pesticide monocrotophos is
presented in Table 1 and Fig.1. Decrease in O, consumption
rate was observed in Channa striata exposed to 10 and 30%
sub lethal concentrations of monocrotophos for a period of
10, 20 and 30 days.

The rate of oxygen consumption in control Channa striata
were 0.579, 0.584 and 0.582 ml/O,/g/hr at 10,20 and 30
days, respectively (Table 1). The fish exposed to sub lethal
concentrations of monocrotophos  shown the oxygen
consumption at the rate of 0.518, 0.439, 0.367, 0.448, 0.382
and 0.274 ml/OJ/g/hr at 10 and 30% sub lethal
concentrations of 10, 20 and 30 days respectively. In this
study, the oxygen consumption was gradually decreasing
with increasing exposure periods. Maximum decline (-
52.92%) over control in the rate of respiration was noticed
in 30% sub lethal concentration on 30 days of exposure
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(Table 1).

The rate of oxygen consumption is a true index of the
metabolic state, particularly in aquatic animals whose body
is continuously bathed by the surrounding water and is a
valuable indication of sub lethal stress. When the pesticides
enter the living system, they primarily affect the
metabolism, which is concerned with oxygen consumption.
Respiration is one of the most important processes as
oxygen taken up during this process is essential to provide
energy for life activities in the living organisms. The O,
consumption is a very sensitive physiological process and
the change in respiratory activity has been used as an
indicator of stress in animals exposed to toxicants (Sarkar,
1999). In this study, the rates of O, uptake of whole
organism were altered by pesticide, monocrotophos. The
decreased oxygen uptake could be suggested as a equal to
gill damage or due to hypochronic microcytic anaemia
under pesticide stress (Koundinya and Ramamurthi, 1980),
Toxic substances present in the pesticide interfered with
respiration by damage of gill and inhibition of enzyme
system at mitochondrial levels resulting in reduced oxygen
uptake. The drop in oxygen uptake of pesticide treated
Channa striata indicates the onset of severe hypoxia under
pesticides stress, which has triggered the metabolic
pathways of fish. Similar observations have been reported in
Channa striata after chlordane, metasystox and severe
intoxication (Bansal et al., 1979). Decrease in oxygen
uptake with increasing concentrations of pesticide in
Channa striata supports the earlier findings of
Gopalakrishna Reddy and Gomathi (1977) in Mystus
vittatus due to thiodon intoxication and Pandey et al. (1976)
in C. punctatus after exposure to Malathion. A similar
decrease in oxygen uptake has been reported in M. vittatus
(Reddy and Gomathy, 1977) exposed to thiodon, in
Sarotherodon mossambicus (Vasanthi and Ramasamy,
1987) exposed to thiodon and in Cyprinus carpio
(Nagarathinama and Ramamurthi, 1982) due to methyl
parathion exposure. Lutherdas et al. (1999) observed decline
in the rate of oxygen consumption when Channa punctata
has been exposed to synthetic pyrethroid, cypermethrin.
Sublethal concentrations of deltamethrin, a pyrethroid, have
decreased  oxygen  consumption in  Oreochromis
mossambicus (Nazeemual Khane et al., 1992). Similar result
is observed when the same species of fish has been exposed
to metasystox as reported by Natarajan (1981) and this has
been explained as due to the injury caused to the red blood
corpuscles and reduction in the RBC count. A reduction in
haemoglobin content and erythrocyte population resulting in
hypochromic microcytic anaemia have also been suggested
as reasons for drop in oxygen uptake in S. mossambius
exposed to lethal concentration of Sumithion and Sevin
(Ranganatha Koundinya and Ramamurthi, 1979). When
Oreochromis mossambicus is exposed to quinophos,
decreased consumption of oxygen has been noted
(Mathivanan, 2004). The increasing concentrations of the
textile dye effluent decreased the oxygen consumption in
Oreochromis massambicus (Baskaran et al., 1989). Similar
result has been obtained by Hingorani et al. (1979) in the
fish Labeo rohita when exposed to different concentrations
of textile dye effluent. The decrease in the rate of oxygen
consumption has also been noted in fresh water fish,
Oreochromis  mossambicus  exposed to  sublethal
concentration of fertilizer urea (Palanivelu et al., 2005).

The oxygen consumption is a very sensitive physiological
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process and the change in respiratory activity has been used
as an indicator of stress in animal exposed to toxicants.
Many workers (Pandey et al., 1976; Rajamannar and
Manohar, 1998; Gurusamy and Ramadas, 2000 and
Mathivanan, 2004) have observed the decreasing trend in
oxygen consumption when fish are exposed to pollutants.
They have suggested reasons for the reduction of oxygen
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consumption as (i) the coagulation of mucus in the gills,
which interfere with respiratory metabolism, (ii) due to
abnormality in gill and other tissues and (iii) due to injury
caused to the RBC, reduction in RBC count and
haemoglobin content. The results of this study confirm the
earlier report (Saradhamani et al., 2009) on oxygen
consumption by fish in pesticide mixed water.

Table 1: Changes in the oxygen uptake of Channa striata at different sublethal concentrations of monocrotophos (O2 ml/g/hr)

. Exposure periods (days)
Experimental group 0 20 30

Control 0.579+0.070 0.584 + 0.065 0.582 + 0.068
10% SLC %Variation 0.492+0.045 -15.03 0.419 £ 0.048-28.25 0.321 £ 0.065-44.85
30% SLC %Variation 0.421+0.036 -27.29 0.362 + 0.055-38.01 0.233 £ 0.75 -59.97

Values are mean + SD of six observations. — or + indicate perce

nt decrease or increase over control
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Fig 1: Changes in the oxygen uptake of Channa striata at different sublethal concentrations of monocrotophos (O2 ml/g/hr)

Acknowledgement
The authors are thankful to the Principal, Khadir Mohideen
College, Adiramapattinam for providing necessary
laboratory facilities.

References

1. Anbu RB, Ramasamy M. Adaptive changes in
respiratory movements of an airbreathing fish, Channa
striatus exposed to sevin. J. Ecobiol,1991:3(1):11-16.

2. Annon. Water quality management in aquaculture
(CMFRI special publication No.22. CMFRI, Cochin),
1984.

3. Bansal SK, Verma AK, Gupta, Dalela RC.
Physiological disfunction of hemopoietic system in a
freshwater telecost Labeo rohita following chronic
chlordane exposure I: Alterations in certain
haematological parameters. Bull. Environ Contam.
Toxicol,1979:22:666-673.

4. Baskaran P. Use of biochemical parameters on
biomonitoring of pesticide pollution in some freshwater
fishes. Ecotoxicol. Environ. Monit,1991:1(2):104-1009.

5. Gopalakishna Reddy T, Gomathy S. Toxicity and
respiratory effects of pesticide thiodon on catfish,
Mystus vittatus. Indian J. Environ. Helth,1977:19:360-
363.

6. Gurusamy K, Ramadoss V. Impact of DDT on oxygen
consumption and opercular activity of

Lepidocephalichthys thermalis. J. Ecotoxicol. Environ.
Monit,2000:10(4):239-248.

7. Hingorani HG, Diwan AD, Naidu CS. Oxygen
consumption in fish Labeo rohita under exposure to
different concentrations of industrial effluents. Comp.
Physical. Ecol,1979:4(1):272-276.

8. Holden AV. The effects of pesticides on life in
freshwater. Proc. Royal Soc., Lond. B,1972:180:383-
394.

9. Holden AV. “The effect of pesticide on life in fresh
water”. Proc. R. Soc. Lond. B,1973:180:383-384.

10. Huner JV, Bowdon BF, Bennett HJ. The effects of
endrin on the oxygen consumption of the blue gills,
Lepomis  machrochirus. Proc. Nat.  Acad.
Sci,1967:30:80-86.

11. Koundinya PR, Ramamurthi R. Toxicity of sumithion
and sevin to the freshwater fish, Sarotherodon
mossambicus (Peters). Curr. Sci,1980:49(22):875-876.

12. Lomte VS, Jadhav ML. Effects of toxic compounds on
oxygen consumption in the fresh water bivalve,
Corbicula regularis. Comp. Physiol. Ecol,1982:7(1):31-
33.

13. Luther Das V, Jeewaprada PN, Veeraiah K. Toxicity
and effect of cypermethrin on biochemical constituents
of freshwater teleost, Channa punctatus. J. Ecotoxicol.
Environ. Monit,1999:9(3):197-203.

14. Mathew R, Kamagaray M, Manavalaramanujam R.

49



International Journal of Entomology Research

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Lead nitrate toxicity and ventilation frequency, oxygen
consumption and haemoglobin content in fish Cyprinus
carpio. Poll. Res,1997:16:51-53.

Mathivanan R. Effects of sublethal concentration of
quinophos on selected respiratory and biochemical
parameters in the fresh water fish Oreochromis
mossambicus. J. Ecotoxicol. Environ.
Monit,2004:14(1):57-64.

Nagarathnama R, Ramamurthi R. Metabolic depression
in the fresh water teleost Cyprinus carpio, exposed to
an organophosphate pesticide. Curr.
S¢i,1982:51(13):660-669.

Natarajan GM. Effects of sublethal concentration of
metasystox on selected oxidative enzymes, tissue
respiration and haematology of the fresh water air
breathing  fish ~ Channa  striatus.  Chemical
Abstract,1984:100(9):133924.

Nazeemual Khane KMA, James R, Manjula M.
Sublethal effect of deltamethrin on the rate of
metabolism in  Oreochromis  mossambicus. J.
Ecobiol,1992:4(2):81-85.

Pandey BN, Chanchal AK, Singh MP. Effects of
Malathion on oxygen consumption and blood
parameters of Channa punctuates. J. Zool,1976:27:95-
100.

Rajamannar K, Manohar L. Effects of pesticides on
oxygen consumption of the fish Labeo rohita. J.
Ecobiol,1998:10(3):205-208.

Ranganatha ~ Koundinya P,  Ramamurthi  S.
Haematological studies in Sarotherodon mossambicus
exposed to Atrazine. Poll. Res,1979:13(4):375-380.
Ravindran K, Swami KS. Effect of DDT on some
physical parameters of body and on tissue cations of the
fish Tilapia mossambica. J. Environ.
Biol,1987:5(4):651-654.

Reddy T, Gomathy S. Toxicity and respiratory effects
of pesticides thiodon on cat fish Mystus Vittatus. Indian
J. Environ. HIth,1977:19:360-363.

Saradhamani N, Shanthi K, Manimegalai M, Binu
Kumari S. Efficacy of herbicide glyphosate on oxygen
consumption of a freshwater fish, Catla catla. Indian J.
Environ. & Ecoplan,2009:16(1):239-243.

Sarkar SK. Evaluation of two heavy metals on the
oxygen consumption of Tilapia mossambicus (Peters).
Geobios,1989:16:108-110.

Sarkar SK. Effects of two heavy metals (copper
sulphate, cadmium sulphate) on the oxygen
consumption of the fish Cyprinus carpio (Linn.). Uttar
pradesh. J. Z00l,1999:19(1):13-16.

Shahul Hameed P, Vadamalai P, Effect of sublethal
concentration of Dimethoate EC 30 on feeding, growth,
oxygen consumption and activity in Macrones keletius.
(Dumeril). J. Environ. Biol,1986:7(4):277-284.

Singh SR, Singh BR. Changes in oxygen consumption
of a siluroid fish Mystus vittatus put to different
concentrations of some heavy metal salts. Ind. J. Exp.
Biol,1979:17:274-276.

Subramanian J, Manickavasakam D. Effects of
distillery effluent on some physiological aspects of
Cyprinus carpio Var. communis and Oreochromis
mossambicus. J. Ecotoxicol. Environ.
Monit,1993:3(2):121-124.

Sultana R, Uma Devi V. Oxygen consumption in a
catfish Mystus guilo (Ham) exposed to heavy metals. J.

31

32.

33.

www.entomologyjournals.com

Environ. Biol,1995:16:207-210.

Vasanthi M, Ramasamy M. A shift in metabolic
pathway of Sarotherodon mossambica (Peters) exposed
to thiodan (Endosulfan). Proc. Indian Acad. Sci.
(Animal Sci.),1987:96(1):56-61.

Vitukuru SS. Acute effects of hexavalent chromium on
survival, oxygen consumption, haematological
parameters and some biochemical profiles of Indian
major carp, Labeo rohita. Int. J. Environ. Res. Public
Health,2005:2(3):456-462.

Palanivelu V, Vijayavel K, Ezhilarasibalasubramanian
S, Balasubramaniyan MP. Impact of fertilizer (urea) on
oxygen consumption and feeding the freshwater fish
Oreochromis mossambicus Environmental Toxicology
and Pharmacology,2005:19:351-355.

50



