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The objective of this work is assessment of the toxicological effects of the organophosphorus
compounds (methidathion and chlorpyrifos) and the usefulness of some parameters as bioindicators.
Haematology and serum biochemistry were assayed in 15 cockrels at random age of 4 - 6 weeks. The
birds were randomly assigned to 3 oral (by mouth) pulse-dose treatments of 0, 3.5 mg/kg chlorpyrifos,
and 7.5 mg/kg methidathion, respectively. Haematology and serum biochemistry were used as indices
of toxicosis. Significantly (P < 0.05) reduced WBC, Neutrophils and Lymphocyte counts were observed
in the groups of birds dosed with chlorpyrifos and methidathion. PCV, Hb, and RBC were significantly
decreased by methidathion while chlorpyrifos caused a significant increase in these parameters.
Results obtained in this study also showed that methidathion and chlorpyrifos caused significant
decrease in the levels of ALP, ALT, TP, and ALB. While methidathion caused a significant decrease in
the level of AST reverse is the case for chlorpyrifos with respect to AST. It was also observed that both
organophosphates had no significant effect on the level of BIL. The study thus showed that the
evaluated parameters can serve as useful bioindicators of the sub lethal exposure to organo-

phosphorus compounds.
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INTRODUCTION

Pests are a menace to the environment (Martin et al.,
2003) . Mites, lice, fleas and flies are the most common
pests of poultry. Activities or infestation by these pests
can in many cases severely compromise the health and
well being of individual animals and by extension, man.
Some of these pests have also been shown to be capa-
ble of transmitting leucosis a disease of poultry (Draper,
1967).

The spread of these pests in the environment can make
total eradication difficult if not impossible. Hence, there is
the need to, on a regular basis, apply pesticides. In some
countries, efforts to control or totally eradicate them
necessitate the use of pesticides on farms, offices and
homes. The consequences of pesticides use in deve-
loping countries are fatal (Pesticides action network,
1998).
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Studies have shown that not all applied pesticides may
actually reach targeted pests and the remaining have
potential to get into the soil, water, and the atmosphere
(Don et al., 2002; Goodman et al., 2006). Unfortunately,
pesticides are designed to alter specific body processes
and they are not target specific (Daren, 2007; Lang,
1993). To this end, human and animals are occasionally
and unintentionally exposed to lethal and sub-lethal
doses of pesticides (Eddlestone, 2000; Martin et al.,
2003). Human and animals can be directly exposed to
pesticides by inhalation, ingestion, contact with skin and
eyes. Apart from the direct exposure, indirect exposure
occurs in animals by consuming prey that contains high
residues of the pesticides (Caroline, 1991).

In lethal dose exposure, the effects are obvious soon
after exposure leading to high economic losses (in ani-
mals) and death in extreme cases (Gayathri et al., 1998).
Studies have showed that organophosphates (e.g. chlor-
pyrifos and methidathion) have a very narrow safety mar-
gin in birds and accumulate in their system to their detri-



ment (Nancy et al., 1994) . Birds so poisoned lose muscle
control, start to salivate and vomit, develop diarrhea,
become unconscious and die.

Effects of sub-lethal exposure to organophosphates
may not be grossly visible immediately. In the case of
some animals, regular application of some pesticides
leads to bioaccumulation (Ling and Huang, 1995). This
can result in consumer toxicity (Sun et al., 2006). Nancy
et al. (1994) outlined the various sub-lethal effects of
pesticides (organochlorines and organophosphates) in
animals which include abnormal ovulation and egg-shell
formation in chicken; reproductive and developmental
toxicity and endocrine disruption. Ramish (2007) and
Tejendra (2005) cited depression, reduced feed intake
and dullness as clinical symptoms accompanying expo-
sure of birds to sub-lethal dose of a pesticide. In the find-
ings, there was no alteration recorded in haematological
parameters but a significant dose dependent increase in
serum enzymes was observed.

This study is therefore targeted at identifying the effects
of organophosphous pesticides on the haematological
and serum biochemical indices of young chickens. Also
the study aims at assessing the suitability of the para-
meters used as indicators in assessing exposure or toxi-
city status of the animals under investigation.

MATERIALS AND METHODS
Study animals

A pilot toxicity study was carried out by dosing birds with different
concentrations of the organophosphates below the lethal dose,
generally less than 50 mg/kg (Daniel, 1998) .The working concen-
tration was selected based on the observed concentration that did
not cause mortality in the experimental animals.

A set of 15 cockrels were randomly selected from a flock of birds,
raised on deep litter system, within the age range of 4 — 6 weeks.
The birds were randomly assigned to 3 oral (by mouth) pulse-dose
treatments of 0, 3.5 mg/kg chlorpyrifos, and 7.5 mg/kg methida-
thion, respectively.

The birds were stabilized two weeks prior to the start of the
experiment and fed ad libitum a basal diet containing 19% crude
protein and 2800 kcal/kg metabolizable energy.

Experimental design
Chemical preparation and administration to birds

Chlorpyrifos (480 gl/litre) and methidathion (420 g/litre) were
purchased locally (Ibadan, Nigeria) and prepared to working dose
(sub-lethal) by dilution with distilled water. Each bird was weighed
and dosed by weight with the working dose of the chemicals every
morning using a cannula for 15 days.

Haematology and serum biochemistry

The birds were bled on the 16th day by jugular venapuncture for col-
lection of blood and serum samples to be used for biochemical and
haematological analysis. The blood for heamatology and serum
biochemical analyses were collected into sodium ethylene diamine-
tetraacetic acid and plain bottles, respectively.

WBC (White Blood Cell Counts) and RBC (Red Blood Cell Counts)
were determined with an improved Neubauer haemocytometer
(Campbell, 1991). Packed cell volume was determined and Hb
(Haemoglobin content) was determined by cyanide free haemo-
globin determination (Baker and Silverton, 1985). Mean cell volume
(MCV), mean corpuscular haemoglobin (MCH), and mean corpu-
scular haemoglobin concentrations (MCHC) were calculated using
conventional methods (George and Parker, 2003).

The blood smears were stained with a Diff-Quick stain and a
differential cell count was done (Jain, 1986). Total protein (TP) was
determined by Biuret method (Pilar et al., 2005) . Serum biochemical
analyses including liver enzymes were done using commercially
available test kits according to Bergmeyer et al. (1986).

Data analysis

Data were recorded as arithmetic mean + standard error of mean
while the degree of freedom = 4. Statistical calculations were
performed using SPSS 8.0 (SPSS Inc. Chicago, lllinois, USA) and
significance level was set at P < 0.05 (Bolton, 1997).

RESULTS

The results of the experiments carried out are shown in
Tables 1 and 2. Table 1 shows the results obtained for
the effects of the organophosphates on haematological
parameters on the animals under study. Significantly (P <
0.05) reduced WBC, Neutrophils and Lymphocyte counts
were observed in the groups of birds dosed with chlor-
pyrifos and methidathion. PCV, Hb and RBC were sig-
nificantly decreased by methidathion while chlorpyrifos
caused a significant increase in these parameters.

Results obtained in this study also showed that methi-
dathion and chlorpyrifos caused decreased significant
levels of ALP, ALT, TP and ALB. While methidathion
caused a significant decrease in the level of AST reverse
is the case for chlorpyrifos with respect to AST. It was
also observed that both organophosphates had no signi-
ficant effect on the level of BIL (Table 2).

DISCUSSION

Human and animals are exposed to different levels of
pesticides as a result of the use of pesticides to control
rodents in homes and offices, and ectoparasitic infes-
tations in animals (Martin et al., 2003). In this study,
effects of sub- acute levels of two organophosphorus
pesticides have been evaluated in birds 4 - 6 weeks old.
These organophosphates, chlorpyrifos and methidathion,
are used to control ectoparasites in domestic animals,
livestock and poultry (Alberto, 2006)

In this study the dose of the pesticides administered to
the birds elicited varying responses. Although no mor-
tality was recorded at the reduced (sub-lethal) dose, the
haematology and biochemical changes observed may be
indicative of grave danger in cases of inadvertent expo-
sure of birds to such chemicals even at low doses.

Peripheral blood film is an important indicator of hae-
matology and other diseases. The increase in RBC for
birds dosed with chlorpyrifos may be an indication of a



Table 1. Changes in haematological parameters following the oral administration of methidathion and chlorpyrifos in cockrels

Haematologic PCV% Hb g/dl WBC RBC NEUT LYMP MCVW3 MCHC % MCH pg
6 3 6 3

al parameters X10" mm X10" mm

Control 23.3+0. 7.33x0.1 4.6618.7 1.88+4.2 2970.7+694.1  1696+181.9 124.3+5.1 31.5+0.2 39.1+14

Methidathion 20+1.5* 6.53+0.3* 2.86+5.6* 1.35+2.4* 1496+417.4 1370.7+£154.9* 147.5+8.5* 32.7£0.5* 48.2+2.0*

Chlorpyrifos 24+0.5* 7.60+0.2* 2.53+3.5* 1.98+30.0* 1060+133.1* 1466.74231.3* 126.5+2.0* 31.7+0.2* 40.0+5.0*

*= Significant values (P < 0.05)

PCV- Packed cell volume

Hb- Haemoglobin concentration

RBC- Red blood cell counts

WBC- White blood cell counts

MCV- Mean corpuscular volume

MCH- Mean corpuscular haemoglobin

NEUT- Neutrophils counts

LYMP- Lymphocyte counts

MCHC- Mean corpuscular haemoglobin concentration

Table 2. Changes in serum biochemical parameters following the oral administration of methidathion and chlorpyrifos

in cockrels.
BIL (mg/dl) ALP(U/N) AST(U/) ALT(U/I) TP(g/dl) ALB(g/dl)

Control 0.2+0.03 1135.33+17.3 287.2+59.8 11.4+2.4 4.06+1.1 1.16+0.2
Methidathion 0.2+0.03 1063.2+455.2* 228.4+38.6* 6.8+1.9* 2.24+0.3* 0.8+0.1*
Chlorpyrifos 0.2+0.06 824.6£229.5* 292.4+23.6* 10.2+0.8* 2.24+0.3* 0.68+0.2*

* = Significant values (P < 0.05).

BIL- Bilirubin

ALB- Albumin

TP- Total protein

ALP- Alkaline phosphatase

ALT- Alanine aminotransferase
AST- Aspartate aminotransferase

hypoxic condition, which developed after organophos-
phate exposure. This might have led to a stress-linked
release of new erythrocytes and synthesis of more hae-
moglobin in older erythrocytes to improve the ability of
exposed birds in carrying oxygen. This correlates with the
findings of Fernando and Moliner (1991) who reported
that a hypoxic white blood cell (WBC) counts condition
developed in fish after pesticide exposure. The reduction
in RBC in methidathion treated group, on the other hand,
may be attributed to intravascular haemolysis, anaemia
or depression of the haemopoiesis. However, the appa-
rent non significant effect of both organophosphate on
bilirubin (a by- product of RBC lyses) ruled out the pos-
sibility of haemolysis. Anaemia and suppression of the
haemopoietic system could be implicated. This was fur-
ther buttressed by the reduction of WBC of birds exposed
to methidathion.

The reduction in WBC of birds exposed to chlorpyrifos
and methidathion may be due to depression of production
of WBC by the haematopoietic system. This can also be
linked to reduction of PCV, Hb, and RBC observed in
methidathion treated group. In different study, Alkahem
(1994) observed that exposure of fish to nickel led to low

leukocyte counts which was attributed to reduction in
lymphocytes and neutrophils. Reduction in the number of
lymphocytes may be due to decreased production or
rapid removal from circulation and subsequent destruct-
tion. The reduction of lymphocytes is indicative of immu-
nosuppressive effects of organophosphates which may
require other studies to assess the levels of immunoglo-
bulin in exposed birds. Such birds can also be challenged
by exposing them (experimentally) to infections and then
to assess their ability to withstand or fight invading micro-
organisms (Janeway, 2005).

The reduction of serum levels of protein for all the birds
dosed with the organophosphates correlates with the
findings of Das and Mukherjee (2000), which indicated
that toxicants may cause stress-mediated mobilization of
protein to cope with the detrimental condition so imposed.
The protein so mobilized is one of the strategies em-
ployed to meet the energy required to sustain increased
physical activity, biotransformation and excretion of the
toxicants.

Aminotransferases (ALT and AST) are produced in the
liver and are good markers of damage to liver cells but
not necessarily the severity of the damage (Olav et al.,



2007; Rej, 1989). They are normally present at low levels
in the blood so if the liver cells are damaged, it would be
expected that some of the enzymes leak into the blood
and increase the levels. To this end therefore, the re-
duced levels of AST, ALB and ALT in methidathion treat-
ed group could be as a result of suppression of pro-
duction by the liver apparently an earlier damaging effect
before progression to cell death and leakage of enzymes.
Increase in serum level of AST as observed in birds
dosed with chlorpyrifos may reflect damage of liver cells
as a result of a slightly more advanced effect compared
with the reduction in levels observed in other enzymes in
the same treatment group and methidathion treated
group.

In contrast to serum enzymes, albumin apart from be-
ing a useful indicator of the integrity of glomerular
membrane is also an important indicator in determining
the severity of disease (Lawrence and Amadeo, 1989;
Mukut et al., 2001). Decrease albumin may be due pri-
marily to reduction in synthesis by the liver and second-
darily to reduced protein intake which further confirms
hepatic damage (Luskova et al., 2002; Jyotsna et al.,
2003). To this end, decrease albumin observed in orga-
nophosphate administration may be attributed to hepatic
dysfunction.

In conclusion, the varied changes in the levels of the
haematology and biochemical parameters relative to the
control group can affect the overall performance of the
birds in terms of health and production. From the out-
come of this study, the parameters can be used as bio-
indicators of exposure and effects in instances where
organophosphates are used as pesticides.
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