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Monocrotophos is a commonly used organophosphate pesticide for pest control of
crops in India (Ray et al. 1985). It is a systemic insecticide and acaricide of the
vinyl phosphate group. Its wide use provides many routes of entry into aquatic
environments and adversely affects many non-target species. Fishes form an
important class of organisms on the basis of their use as nutritive food and are
also a useful indicator of pollution. It is necessary to monitor certain clinical
parameters in order to determine the sublethal concentrations of pesticides or
pollutants on the physiology of fish. Use of haematological parameters as
indicators of sublethal stress can provide valuable information concerning the
physiological reaction of fish in a changing environment. The physical and
chemical properties in fish blood are very sensitive to environmental changes
(Hughes and Nemcsok 1988). Blood is a pathophysiological indicator of the body
as it is highly susceptible to internal and external environmental fluctuations. The
present study evaluates the effect of sublethal concentrations of monocrotophos
on erythropoietic activity of the freshwater fish Channa punctatus.

MATERIALS AND METHODS

Disease-free fish, Channa punctatus (10 to 12 cm length and 18 to 20 gm weight)
collected from a local resource, were bathed in 0.1% KMnO, solution and
acclimatized under laboratory conditions for 15 days. They were kept in large
holding tanks of 1000 liters capacity during the acclimatization period. Water was
changed daily and fish were fed dry prawn twice a day.

Technical grade monocrotophos (36% E. C.) manufactured by Devidayal (Sales)
Limited, Mumbai, India was used. A stock solution of the pesticide was prepared
in acetone by dilution. Prior to exposure the fish were examined carefully for
pathological signs.

Bioassays were conducted to determine acute toxicity (LCsp) employing the
technique as described by APHA (1998). Median tolerance limit (LCso) of
monocrotophos to fish was estimated by exposing five groups of fish (6 fish per
group) to different concentrations of the pesticide for the period of 96 hours. The
recorded data was analyzed for LCsy and upper/lower confidence limit using the
Trimmed Spearman- Karber method (Hamilton et al. 1977).
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After acclimatization, fish were transferred to 150-Lglass aquaria containing
chlorine free water. The physico-chemical properties of the test water
(temperature 25 + 0.5°C, pH 6.9 % 0.4, DO 8.5 + 2.0 mg/L, hardness (as CaCos)
120 + 1.9 mg/L, alkalinity (as CaCos) 360 + 1.4 mg/L) were studied (APHA
1998). For sublethal exposure to the pesticide, acclimated fish were divided into
three groups having eight fish in each. Two groups were exposed to 0.96 and 1.86
mg/L (1/20 and 1/10 of 96 hr LCso = 18.56 mg/L) of monocrotophos for periods
of 15 and 60 days. The third group served as the control. The experiment was
repeated thrice.

Three fish from each experimental and control group were bled from the dorsal
aorta into sterilized glass vials at 4°C containing the anticoagulant 1%
dipotassium ethylenediamine tetra acetate (EDTA). The erythrocyte and
leukocytes counts were made by Neubauer hemocytometer. Packed cell volume
(PCV) was measured by using 75 x 1.0 — 1.25 mm capillary tubes and erythrocyte
sedimentation rate (ESR) as mm/hr was measured by the Micro-Wintrobe method
of Blaxhall and Daisley (1973). Clotting time (CT) of the blood was determined
by the method described by Srivastava (1969) and haemoglobin (g/100 mL)
determination was performed by Sahil’s hemometer. Mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and
mean corpuscular volume (MCV) were also determined (Dacie and Lewis 1977).
Statistical analysis of the data was conducted using Student’s “t” test.

RESULTS AND DISCUSSION

Monocrotophos induced significant decreases in erythrocyte count, haemoglobin
content, PCV, MCH, MCV, MCHC and increases in ESR, leukocytes and CT in
fish exposed to both concentrations. Nath and Banerjee (1995) observed
significant decreases in erythrocyte count, haemoglobin content, PCV, MCV,
MCH and increases in MCHC, leukocyte and ESR in Heteropneustes fossilis after
15 days treatment with divithion. The total erythrocyte count showed a decreasing
trend with increasing concentration and exposure time to monocrotophos
attributed to decreased erythropoietic activity. Gordon et al. (1967) observed that
erythropoietic activity in fish is regulated by erythropoietin produced in the
kidney. Erythropoietin promotes erythropoiesis by inducing hemopoietic stem
cells to differentiate into erythroblasts, which form erythrocytes. Reddy et al.
(1992) noticed that erythropoietin also activates pyridoxal phosphate in
developing erythrocytes including haemoglobin synthesis. Hypoxia constitutes the
fundamental stimulus for erythropoiesis with the kidney as the probable sensing
organ for low blood oxygen tensions (Jacobson and Krautz 1968). Thus,
conditions conducive to erythropoietin production were present but conversely,
Channa punctatus showed an inhibition of erythrocyte count suggesting a
decrease in erythropoietin activity.

Erythropoietin is a glycoprotein hormone that play a crucial role in ensuring

adequate supply of oxygen to tissues by regulating the production of erythrocytes.
The production of erythropoietin in the kidney, liver and the central nervous

608



Table 1. Alterations in haematological parameters of Channa punctatus to 0.96
and 1.86 mg/L of monocrotophos for 15 days.

Parameters Control 0.96 mg/L 1.86 mg/L

Haemoglobin (g/100mL) 11.6+0.02  11.18+0.03 10.45+0.23°
Erythrocytes (10%mm?) 3.15+£0.03  3.46+0.02  3.01+0.02

ESR (mm/hr) 5.97+0.04 7.0£0.05  7.33+027°
Clotting Time (Sec) 89.12+0.08  97.09+29° 121.34+6.7°
PCV (%) 3248+1.4  3561+092 48.29+244°
Thrombocyte count (10°/mm®)  58.14 £2.34 49.37+0.26* 33.09+4.0°
MCH (gm%) 36.83+0.49  3231+0.05 34.72+0.26°
MCHC (g/dl) 35.71+241 31.39+0.80 21.64+1.32°
MCV (pm’) 103.11+0.42 102.92+1.30 160.43 £2.19
Leukocyte count (10%/mm?®) 1535+0.06 20.51+0.19 24.19+1.82°
Lymphocytes (%) 62.25+223 70.64+0.99% 72.91+0.03°
Eosinophils (%) 1.12 +0.06 1.33+0.10 1.91+£0.15°¢
Monocytes (%) 6.51+0.13 5.68+0.16° 5.08+0.21¢
Basophils (%) 2.5+0.12 2.63+020  2.93+0.04°
Neutrophils (%) 27.30+£1.29 20.41+1.37* 19.60+0.16¢

Each value represent the mean + SE of three observations, significance *p<0.05
®p<0.02  %p<0.01 %p<0.005

system is greatly induced by hypoxic conditions (Masuda et al. 1994; Marti et al.
1996). Since the kidney of the teleost was found to contain a higher level of the
immunoreactive erythropoietin than other tissues, it is suggested that the kidney is
the major erythropoietic, as well as erythropoietin-producing, organ
(Wickramasinghe 1993). Rahman et al. (2002) noted degeneration of kidney
tubules and haematopoietic cells due to decreases in erythrocyte levels in both
Channa punctatus and Barbodes gonionotus after diazinon exposure. It is known
that erythrocyte and haemoglobin concentrations often follow a direct and
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Table 2. Alterations in haematological parameters of Channa punctatus to 0.96
and 1.86 mg/L of monocrotophos for 60 days.

Parameters Control 0.96 mg/L 1.86 mg/L
Haemoglobin (g/100mL) 11.72+£026 5.47+0.69°  3.46+0.75°
Erythrocytes (10%/mm?) 3.10£0.06 2.50+0.05°  2.01£0.09°
ESR (mm/hr) 6.15+0.16 9.39+051°  10.67+0.45°
Clotting Time (Sec) 91.45+1.42 14838+3.55 156.16+5.28°
PCV (%) 3273+ 0.90 36.30+0.04>  15.02+1.40°

Thrombocyte count (10%/mm®) 56.62+1.39 21.33+4.6°  13.65+3.9°

MCH (gm%) 37.81+023 21.88+2.0°% 17.20+2.20°
MCHC (g/dl) 34.92+049 1506+3.12° 23.03+122°
MCV (um’) 93.03+1.80 145.20+8.05° 74.73+1.0°

Leukocyte count (10°/mm?®) 1527+0.15 9.45+1.04> 584+091°

Lymphocytes (%) 64.62+0.49 41.28+1.02 39.50+2.45°
Eosinophils (%) 1.69+0.05 3.13+0.33° 5.10+0.37°¢
Monocytes (%) 6.77£0.14 6.61 + 0.05 8.13+0.04°¢
Basophils (%) 224+0.14  1.47+0.04° 0.78 £0.09°
Neutrophils (%) 28.10+£0.42 36.15+1.40° 48.26+2.00°

Each value represent the mean + SE of three observations, significance *p<0.02
®p<0.005  p<0.001

physiological interrelationship (Chatterjee and Ganguli 1993). However, this
study suggests that kidney damage usually causes a decrease in erythropoietin
levels, which in turn decreases erythrocyte production and haemoglobin synthesis,
even under hypoxic conditions (Table 1 and 2).

A decrease in haemoglobin level and PCV was recorded at both concentrations of
monocrotophos after 60 days, while ESR was observed to increase. The reason
may be the release of immature cells from haemopoietic tissues into the blood
stream. The decrease in PCV in fish exposed to the pesticide was due to decreased
erythrocyte numbers, which in turn might be due to monocrotophos exposure. The
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decrease in PCV indicates anaemia or oligohanaemia (Wepener et al. 1992). The
anaemia associated with erythropenia has also been reported by Srivastava and
Mishra (1979) in Coliso fasiciatus. The PCV appears to be positively correlated
with erythrocyte count. Significant decreases in the number of circulating
thromobocytes in a teleost leads to increases in clotting time (CT), loss of
haemoglobin content and immature erythrocytes (Table 1 and 2). However, Dacie
and Lewis (1977) suggested that increased clotting time exhibited an impairment
of kidney and liver, resulting in the loss of blood clotting proteins. Thus, it may be
suggested that pesticides trigger a rapid mobilization of the haemopoietic system
and fish normally appear to deal with it by adjusting blood clotting time with an
abundance of circulating thrombocytes.

A reduction in leukocyte counts (i.e., leukopenia) was observed in Channa
punctatus after chronic exposure of monocrotophos. Leukopenia after
monocrotophos exposure in another freshwater teleost has been reported (Singh et
al. 1992; Singh and Srivastava 1994). The observed leukopenia may arise owing
to increased activity of the pituitary internal stress axis. Therefore, reduction in
the number of circulating leukocytes is a response of the fish to increased levels
of circulating ACTH and corticoid stress hormone (Srivastava and Agarwal
1977). But in contrast, the number of leukocytes increased after 15 days exposure
to both concentrations. The increase in leukocyte count can be correlated with an
increase in antibody production that helps in survival and recovery of the fish
exposed to a sublethal concentration of pesticide (Joshi et al. 2002). The present
observation elucidates hypersensitivity of leukocytes for monocrotophos. These
changes may be due to immunological reactions to produce antibodies to cope
with stress induced by monocrotophos (Table 1 and 2).

Differential leukocyte count was also found to be altered in Channa punctatus
exposed to subacute and chronic concentrations of monocrotophos (Table 1 and
2). Lymphocyte, basophil and eosinophil counts were found to be increased
during acute exposure, in contrast monocyte and neutrophil counts were
decreased. Increases in the number of lymphocytes, basophils and neutrophils
have been reported in freshwater fishes treated with fenvalerate and malathion
(Mukhopadhyay and Dehadrai 1980; Sharma and Gupta 1982). Eosinophil,
monocyte and neutrophil counts increased while the lymphocyte and basophil
counts decreased after 60 days. A rise in neutrophil count escalates phagocytic
action. Srivastava and Mishra (1985) observed a marked decline in lymphocytes
and monocytes exposed to lindane. Neutrophil count was observed to decrease in
Clarias batrachus (Thakur and Pandey 1990) exposed to benzenehexachloride
(BHC). Fish blood is a pathophysiological indicator of the whole body function
and therefore blood parameters are important in diagnosing the structural and
functional status of fish exposed to a toxicant (Sampath et al. 1998).

The results of the present investigation reveal that the entire physiology of fish
was affected under stress due to monocrotophos exposure. Monocrotophos
induced haematological disturbances followed by metabolic disorders in Channa
punctatus, which ultimately leads to the deterioration of general health of the fish.
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