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ABSTRACT

The acutetoxicity of monocrotophos on the common edible freshwater fish, Cyprinus carpio hasbeen
studied. The fish were procured and their sublethal, median lethal and lethal doses for 120 hourswere
assessed as 100 ppm, 156.92ppm and 250 ppm respectively. From the 24 hours LC_ and 48 hoursLC,
values, the presumable harmless concentration was calculated as 53.46 ppm to which the fish were
introduced. Haematological studieswere carried out with reference to Hb, PCV, TEC, TLC, and other
absolute valuessuchasMCV, MCH and MCHC. During the exposure period, areduction in haemoglobin
content, packed cell volume and total erythrocyte count was observed. During recovery period, the
fish overcame the stressinduced by the toxicant by the continuousdetoxification process, asaresult of
which the Hb, PCV and TEC increased and TLC decreased progressively to attain the normal level.

INTRODUCTION

Generally, aguatic organisms are susceptible to pollution effects by pesticides as well as by
other pollutants. However, organismstry to adapt to these changes by changing their metabolic
activities. But, at higher concentrations, these pollutants can cause damage to physiological
system by affecting the organismseither at organ and cellular level sor even at molecular level,
which in turn cause changes in the biochemical composition, and can be used to study the
different protective mechanisms of the body to resists toxic substance and detoxification. The
pesticides cause a number of subsidiary problems like affecting the ecosystems, and growth,
reproduction and behaviour by causing pathol ogical and physiological changes (Meenakshi 1993,
Holden 1972, Anon 1962). Similarly, the fish when exposed to pesticides also show a shift in
the metabolic pathway and change in glycogen mobilization in the tissues. Baskaran (1991)
reported that the glycogen level decreased in fishes exposed to pollutant contai ning media.

Besides, the pesticides also bring some changes in the blood parameters. Thus metabolic
status in an organism is very much reflected in its milieu interior (Lu 1985). Blood being the
medium of intercellular and intracellular transport, comesin direct contact with various organs
and tissues of the body, therefore, the physiological state of an animal at a particular time is
reflected in itsblood. Pesticides rapidly bind to the blood proteins and induce haematol ogical
changes such as changesin blood glucose, serum protein and serum cholesterol levels. These
changes are of some valuein assessing the impact of exposure under natural conditions and may
also serve astools for biological monitoring.
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MATERIALS AND METHODS

Haematological Parameters

Collection of Blood: Fish were taken from the cement cisterns and the required amount of blood
was obtained by caudal puncture of the fish using a heparinised syringe.

Estimation of haemoglobin content of blood (Hb): Haemogl obin content of blood was estimated
using Sahli’s haemometer (Superior, Germany) with permanent coloured glass comparison stand-
ards. The haemometer tubewasfilled to thelevel of lowest graduation (0.02g) with standard hydro-
chloric acid of dilution 1:10. Using the capillary pipette, 20 cu mm of blood was blown into hydro-
chloric acid, already present in haemometer tube. Blood was sucked into the pipette several times
and blown out again. The haemometer tube was placed in the stand and the blood was diluted using
distilled water with constant stirring until the col our matched with the col our of the standards. Read-
ing wastaken directly from the haemometer tube exactly three minutes after the blood was added to
the acid. Haemoglobin content of blood wasread in terms of grams of haemogl obin per 100 mL of
blood.

Deter mination of packed cell volume (PCV): Blood was sucked into the heparinized haematocrit
capillary tube (7.5 cm length, 0.1 cm width). After sealing both the sides of the tube it was centri-
fuged in the microhaematocrit centrifuge at 6000 rpm for 2 min. From the volume of blood taken
and cell volume after centrifugation, the PCV percentage was cal cul ated.

Erythrocyte count (RBC): The Neubauer’ s counting chamber was used for enumeration of thered
blood cells. For counting the red blood cells the blood was diluted 200 times using Hayem'’ s fluid
(0.5g sodium chloride; 2.5 g sodium sul phate, 0.20g mercury perchloride and 100 mL distilled wa-
ter). Sodium chloride and sodium sulphate together make the fluid isotonic with blood; sodium
sulphate prevents clumping of cellsand mercury perchloride acts as preservative and fixative. The
number of red blood cellswere counted after introducing thisdiluted blood into the haemocytometer
and erythrocyteswere represented in millionsof cells/cu mm of blood. The RBCsof the control and
treated fish were counted.

L eucocyte count: The Neubauer double counting chamber was used for white blood cell counting.
The freshly shed blood was diluted 20 timesusing Turk’ sfluid (0.025g gentian violet, 3mL glacial
acetic acid and 97 mL distilled water). Gentian violet, stains leucocytes and glacial acetic acid de-
stroysthe red blood cells thus making the viewing of leucocyteseasier. The diluted blood was fed
into a haemocytometer and the leucocyteswere counted under the microscope and were represented
in number of cells/cu mm of blood. The leucocytes of the control and treated fish were counted.

Calculation of MCHb: The mean corpuscular haemoglobin content was calculated by using the
values of haemoglobin content and the red blood cell counts and expressed in pg (Anderson &
Klontz 1965).

Mean Corpuscular haemoglobin concentration (MCHC): The % of mean corpuscular haemo-
globin content was cal culated by using the val ues of haemogl obin content and the PCV % (Anderson
& Klontz 1965).

Calculation of mean cor puscular volume (M CV): The mean corpuscular volume was cal cul ated
by using the values of PCV% and the red blood cell counts and expressed in um? (Anderson &
Klontz 1965).
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RESULTS
Presumable Har mless Concentration (C)

Inthe present investigation, the presumabl e harmless concentration of monocrotophosto Cyprinus
carpio wascalculated as51.57 ppm.

Haematological Parameters

There was significant alternation in the haematological value after 15 days of exposure to
monocrotophosof sublethal concentration (Table 1). The control and exposed animal s showed 13.01
+0.23 and 8.02 + 0.01 percent of haemogl obin respectively. Decrease in the haemogl obin content
was observed at the end of exposure period (Table 1). The haemoglobin content gradually increased
tothelevel of 12.54 + 0.31 after the recovery period of 15 days. The recovery phase of haemoglobin
contentisshownin Table 2. Theamount of haemogl obin regained wasfound to be nearly 95% at the
end of recovery period. The packed cell volume (PCV) and total erythrocytes count (TEC) de-
creased significantly during exposure period. During the recovery period, the packed cell volume
and total erythrocyte count attained the value of 18.01 % and 1.43 millions per mm?® respectively.
Thevariationsin PCV and TEC values during recovery period are shownin Table 2.

The total leucocyte count increased progressively when compared to control. In control fish, the
leucocyte count was found to be 11.3 x 10¥mm?e. After 15 days during the recovery period, the
leucocyte count gradually decreased. In control recovery animals had the leucocyte count of 10.9 x
10%/mm?, whereasin pretreated fish it was 30.3 x 10%/mm3.

In other parameterslike, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH)
and mean corpuscular haemogl obin concentration (MCHC), the absol ute values al so showed a de-
creasing trend under monocrotophos exposure period. During the exposure period of 15 days the
MCH, MCHC and MCV values of control animal were 41.19 (pg), 31.81 (g/L) and 113 (um=)
respectively. But in monocrotophos exposed animals these parameters decreased considerably to
30.3 (pg) 29.43 (g/L) and 95.13 (um®) respectively.

The fish exposed to sublethal concentration were transferred to monocrotophos impoverished
water. Thefish pretreated with sublethal concentration showed aslight increase in parameterswhen
compared with exposure period. During recovery phase the control animalshave MCH, MCHC and
MCV, 39.18 (pg) 30.81 (g/L) and 110 (um=) respectively while in the recovered animal, these val-
ues gradually increased to 35.23 (pg) 29.41 (g/L) and 95.13 (um®) respectively (Tables 1, 2).

DISCUSSION

Thedatapresentedin Tables1 and 2 clearly reveal that there are definite changesinthe haematological
parameters of Cyprinus carpio following exposure of monocrotophos for 15 days and another 15
daysfor recovery period. The haemoglobin content of the exposed fish exhibited a definite decrease
as compared to normal fish upon exposure for 15 daysto insecticide. The increased trend in reduc-
tion of the haemogl obin content was al so observed. The present study was supported by the findings
of Waluga (1966) who has recorded a reduction in haemoglobin content in bream Abramis brama
exposed to sublethal concentration of phenol. A reduction in haemoglobin content was al so noticed
inthe yearlings of Coho salmon upon exposure to pulp mill effluent (Mc Leay 1973). Thereduction
of haemoglobin in the present study might be attributed to the blood coagulation as suggested in
bream Abramis brama (Waluga 1966) and Cyprinus carpio (Paul Raj 1982).
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Table 1: Effect of sublethal concentration of monocrotophos on haematological parameters of Cyprinus carpio during the
exposure period.

Blood Parameters Control Exposure period Percentage of
alteration
Hb (g%) 13.01+0.23 8.02+0.01 -38.3
PCV (%) 34.01+1.13 18.01 +0.02 -47.0
TECx 10%/mm? 2.61+0.12 143+0.01 -45.2
TLC x 10%/mm? 11.3+0.01 53.20+0.05 -52.9
MCH (pg) 41.18+211 30.3+3.14 -26.4
MCHC (g/L) 31.81+1.1 2743 +0.06 -13.7
MCV (um3) 113+1.31 85.13+0.02 -24.6

Values are expressed as Mean + SD. N = 5; % of ateration: (-) depletion and (+) elevation over control values.

Table 2: Effects of sublethal concentration of Monocrotophos on haematological parameters of Cyprinus carpio during
recovery period.

Blood Parameters Control Recovery Period Percentage Change
Hb (g%) 14.02+0. 14 12.54+0.31 -10.50
PCV (%) 31.05+0.13 24.02+1.15 -22.60
TEC x 108mm?® 243+011 1.95+0.13 -19.70
TLC x 103mm?® 12.9+0.01 15.34 +0.05 1841
MCH (pg) 39.18+2.10 3523+1.3 -10.08
MCHC (g/L) 30.81+14 29.41+0.03 -454
MCV (UN3) 110+1.43 95.13 +0.03 -13.50

Values are expressed as Mean + SD. N = 5; % of ateration: (-) depletion and (+) elevation over control values.

Germysz-Kathowaska et al. (1985) reported a decline in haemoglobin, haematocrit (PCV) and
RBC count by an organophosphorus insecticidein Japanese quail. This reduction can berelated to
the decreased RBC number which indicates haemolysis, haemorrhage and reduced erythropoiesisin
fishes on exposure to insecticide.

The low Hb concentration appears to be related to its obligatory air breathing habit and due to
low oxygen content in the water where the fish reside. The reduction in RBC count indicates anae-
mia associated with erythropenia which is similar to earlier reports of Panigrahi et al. (1978) and
Agarwal et a. (1983). The anaemia with erythropenia has al so been reported earlier in fishes after
exposure to sublethal doses of mercury, lead and Rogor (Srivastava& Mishra1979, Goel & Maya
1986).

Leucocytosisis evidenced by the increase of WBC count. Leucocytosi s has been considered to
be an adaptation of animalsto meet stressful conditions. WBC count also depleted along with Hb.
RBC count indicates dysfunctioning of haemopoietic system along with dysleucopoeisis. Thisis
most probably due to bone marrow depression and liver dysfunction. It can also be said that during
exposure of monocrotophos the extent of toxic effect in fishesincrease in a particular manner.

TLC of Cyprinus carpio exposed to monocrotophos showed a significant increase. Increase in
TLC in the test fish could be due to lymphopoiesis and/or enhanced release of lymphocytes from
lymphomyel oid tissues. Theincrease in lymphocyte number in treated fish isalso probably for the
removal of cellular debris of necrosed tissue at a quicker rate as reported by Mc Leay (1974). The
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increase in leucoytes may be due to interference of monocrotophos toxicity in the devel opment of
lymphocytesin haemopoietic tissues|eading to leukaemogeni c condition or theimmunological re-
sponse to meet the stress caused by monocrotophos toxicity. The above finding were supported by
Saxena & Parashari (1983). Further, the increase in WBC count could be attributed as an adaptive
value to fishes under stress. In fact, Henry et al. (1978) suggested that the immunol ogical mecha-
nism could stimul ate leucocytosisin response to stresses.

In monocrotophos exposed fish, the decrease in TEC was observed after exposure period, but
therewasadight rise after completion of recovery period though the normal number was not achieved.
Thisincrease in TEC suggests compensatory erythropoiesis due to the stimulatory effects. Thein-
crease observed was because of increase in immature erythrocyte count (Patil & Dhande 2000).

A dgnificant decrease was observedintotal leucocyte count of Channa punctatus after exposing
thefishto ammoniain sublethal concentrations, i.e. half and two-third of LC, for 28 days (Ravindar
Kumar & Anand Muni 1997). Dabrowaska & WIasow (1986) have al so observed decrease inleuco-
cyte countsin Cyprinuscarpio. The development of leucopeniainthe catfish could be dueto aldrin
interference to haemopoiesis(Bansal et al. 1979). L eucopeniahas specific response of fish to stress
and toxicants (Hickely 1976).

The present sudy reveal sthat haemogl obin percentage, packed cell volume and total erythrocyte
count decreased significantly whiletotal leucocyte count increased progressively in sublethal con-
centrations. Other absolute values such as MCV, MCH and MCHC also altered in response to the
changes in above parameters. Similar finding of haematological changes was made in common
Indian catfish Heteropneutes fossilis under nickel stress (Prasanta Nanda 1997).

Insecticidesare known to alter the blood parametersof fishes. A significant decreasein RBC, Hb
content and PCV has been observed earlier in fishes exposed to different pesticides (Koundinya &
Ramamurthy 1979, SambasivaRao et al. 1955) and such decreasing effect has been primarily attrib-
uted to a condition of hypochronic microcytic anaemia (Bhai et al. 1971, Raja Rishi 1986). The
finding of present investigation is also similar to such decreasing trends in some blood parameters
such as Hb, PCV, MCH and MCV suggesting the haematological toxicity of monocrotophos. A
significant increasing trend, observed in the number of WBC, has been reported by Sekar & Christy
(1996) in catfish exposed to sublethal concentration of phosphamidon. MCV and MCH along with
MCHC showed appreciable decrease in exposed fishes. The decreased MCV, MCH and MCHC
clearly indicate the hypochronic microcytic anaemia. Ramalingam et al. (2000) reported that de-
creasein MCV, MCH and MCHC in freshwater fish Cirrhina mrigala when exposed to lead (acute
exposure). So, it can be concluded that present investigation strongly suggest apossible alterationin
thefish asawhole.

During the recovery period, the fish overcame the stressinduced by the toxicant by continuous
detoxification process, and asaresult of which the Hb, PCV and TEC increased and TL C decreased
tothenormal level.
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