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ABSTRACT

Effect of graded doses of chlorpyrifos on haemato-biochemical indices in
broiler chickens was investigated. A total of 72 broiler chickens, 3 week old,
were divided into four groups (I to 1V) consisting of 18 birds each. Group |
served as control, whereas groups I, 111 and IV received 3.2, 1.6 and 0.6 mg
kg™ B.W. chlorpyrifos in corn oil daily for 6 weeks. Blood samples were
collected in sterile vials containing EDTA (@ 1 mg mL™) as anticoagulant
for haematological studies and without anticoagulant for biochemical
parameters. Mean values of Hb, PCV, TEC, MCV, MCH, MCHC, TLC and
lymphocyte counts decreased significantly in all the treatment groups,
whereas platelet count increased significantly. Serum total protein, albumin
and A:G ratio showed decrease, whereas serum ALT, AST, RBC acetyl
cholinesterase and butryl-cholinesterase activities exhibited increase. The
study revealed that chlorpyriphos has haemotoxic, immune-toxic,
hepatotoxic, nephrotoxic and neurotoxic effects in broiler chickens.
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INTRODUCTION

Organophosphate compounds are the most widely used insecticides accounting for 50% of global
insecticidal use (Casida and Quinstad, 2004) and have widely been recognized as a health hazard
due to environmental contamination (Al-Haj et al., 2005). Exposures to high doses cause fatalities
while low doses cause organ specific lesions in central nervous system (Lengyl et al., 2005), liver
(Gomes et al.,, 1999) and kidney (Kossmann et al., 1997), and generalized effects like
immunosuppression, teratogenesis, carcinogenesis and metabolic disorders. Among organo-
phosphates, chlorpyrifos has principally been used as a pesticide in agricultural sector, in home
gardens as well as indoors including poultry houses to get rid of fleas, spiders and flies (Lemus and
Abdelghani, 2000; Lengyl et al., 2005). United States Environmental Protection Agency (USEPA)
has restricted some of its domestic use due to toxicity. Also, USEPA has categorized chlorpyrifos
as class Il toxin (Eisler, 2000). Despite this, chlorpyrifos remains one of the most widely used
organo-phosphate insecticides.

Chlorpyrifos is a sulphur containing organophosphate compound with P=S moiety having
IUPAC name O, O-diethyl O-3, 5, 6-trichloro-2 pyridyl phosphorothioate, with molecular formula



Haemato-biochemical changes in induced-chlorpyrifos toxicity in chicken 49

CoH11CI3NO3PS. Unlike other insecticides it remains in soil for long time. It has been detected in
poultry egg, meat and cow milk and milk products (Rawat et al., 2003). Toxicity has largely been
associated with irreversible inhibition of acetylcholinesterase (AChE) resulting in the accumulation
of acetylcholine in cholinergic receptors (Eaton et al., 2008). Since chlorpyrifos is frequently used
as insecticides by agriculturists in Jammu & Kashmir state, thereby it might be gaining an easy
access to our environment. Chlorpyrifos remains a potential source of intoxication in animals and
humans. The present study was, therefore, aimed to elucidate haemato-biochemical changes in birds
given chlorpyrifos in different doses at various intervals.

MATERIALS AND METHODS

The experiment protocol used in this study was approved by Animal Ethical Committee (IAEC -
862/ac/04/CPCSEA-16-12-2004). The study was conducted on seventy two (72) broiler birds of 21
day old of either sex at the Divisional animal house in the year 2013. These birds were procured
from a private hatchery in Jammu and maintained on commercially available feed for birds obtained
from Shalimar Feeds Pvt. Ltd., Bari Brahmana, Jammu (India). On arrival, all the birds were
examined for any abnormality and overt ill health and weighed. The birds were given a series of
vaccines and all sanitary and hygienic measures strictly observed. All the experimental birds were
acclimatized to the experimental conditions for 3 weeks with proper identical housing, feeding and
watering (ad libitum). After acclimatization for 21 days, the birds were randomly divided into four
groups of 18 birds each. Group | served as control (no chlorpyriphos treatment) while group 11, I
and 1V birds were given chlorpyrifos (commercially obtained from Tata Rallis India Ltd., Mumbai
as Tafaban) @ 3.2, 1.6 and 0.64 mg kg™* body weight, respectively, orally in corn oil for a period of
6 weeks and 6 animals from each group were sacrificed at 2, 4 and 6 week’s interval.

The blood samples were collected using EDTA (ethylene diamine-tetra-acetic acid, (@ 1mg
mL™ blood as anticoagulant at all the three sacrificing intervals and used for the estimation of Hb,
PCV, TEC, TLC and DLC as per standard procedures (Jain, 1986) and the mean values for
corpuscular volume and corpuscular haemoglobin concentration were derived from the values of
Hb, PCV and TEC by using standard formulae (Jain, 1986). For biochemical studies, serum was
collected for total serum protein analysis by Biuret method (Fenk et al., 2007) and albumin by BCG
dye binding method (Doumas and Peters, 2009). The A:G ratio was calculated by dividing albumin
with globulin values. The AST and ALT was assayed by IFCC method (Ceriotti et al., 2010) by
using standard kits obtained from Erba Mannheim Transasia Bio-Chemicals Ltd, India. RBC acetyl-
cholinesterase and butryl-cholinesterase was estimated by DGKC method (Burtis and Ashwood,
1994) using standard kits obtained from Agappe Diagnostics Ltd. The data were analyzed using
two-way analysis of variance (Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

The analysis of haemoglobin (Hb), packed cell volume (PCV), total erythrocyte (TEC), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) in birds revealed a dose and duration dependent decrease in the
values of above parameters in treatment group birds as compared to control group birds (Table 1),
thereby indicating microcytic hypochromic anemia and erythrocytopaenia. A significant decrease in
Hb, PCV and TEC in chicken has also been reported by Gayal et al. (2012). The reason for anemia
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Table 1: Effect of chlorpyrifos on haematological parameters in birds of various treatment groups*

Weeks post-

Parameters exposure Group-I Group-1l Group-lil Group-1V
Hb (g dL™) 2" 10.30 £ 0.15" 7.80 £0.07""  8.56 +0.02* 8.94+0.07™
4t 10.39+0.17 7.28 +0.07%® 8.22 + 0.09* 8.98 + 0.02°A
6" 11.24 +0.18% 6.86 + 0.07%¢ 7.48 +0.01°® 8.14 + 0.12°8
PCV (%) 2" 30.32 £0.18" 23.48 £0.15""  25.72+0.05"  27.72+0.22"*
4t 30.33+0.13* 20.78 +0.26°®  25.42 +0.19% 27.76 + 0.16""
6" 33.90 + 0.39% 19.20+0.37%°  22.68+0.07°® 24.96 + 0.13"8
TEC (10°uL™) 2" 3.58 +£0.01** 3.12+£0.02"  3.31+0.01*" 3.44 £ 0.04°"
4t 3.60 + 0.00% 3.06 + 0.00%® 3.30 + 0.00** 3.41+0.04°A
6" 3.82+0.07%® 3.00 + 0.00%¢ 3.18 +0.02°® 3.35+0.06"
MCV (fl) 2" 85.77 + 0.36" 82.71£0.07* 83.28+0.08"  84.48+0.02""
4t 86.58 + 0.15% 82.09 + 0.054  83.88+0.11%" 84.33 + 0.07°"
6" 86.76 + 0.06% 81.60+0.24°®  82.36 +0.03°® 83.38+0.11°®
MCH (pg) 2" 28.30 £ 0.19" 2490 £0.20“*  25.32+0.24** 2520+ 1.06™"
4t 29.85 + 0.15% 25.00 + 0.20°  25.95 + 0.00°" 27.80 + 0.20°8
6" 31.88+0.23% 28.00+0.20°®  29.04 +0.05%® 30.00 + 0.00°®
MCHC (g %) 2" 32.08 £ 0.67" 31.02 £0.40“* 31.72+0.11*  31.96+0.43""
4t 32.15+0.47%® 31.00+0.60°4  31.51+0.67 31.87 +0.16""
6" 33.85 + 0.24% 30.78+0.86°®  32.08 + 0.59°® 32.79 + 0.09°8
Platelet count 2nd 20.30 +0.11* 24.84 +0.00"  23.16 £ 0.24A 21.04 +0 .41°A
(10°pL™) 4" 20.47 £0.19% 2448 £0.72°®  23.32+0.09"  21.78+0.00"*
6" 22.00 + 0.15% 25.66 + 0.07°°  24.18 +0.11°® 22.94 + 0.04°8

Mean£SE bearing at least one common lower case superscript across columns and upper case superscript
across rows do not differ significantly between groups and weeks (P<0.05), respectively;

*Group | = control; Group II, Il and IV birds treated with chlorpyrifos @ 3.2, 1.6 and 0.64 mg kg™ body
weight, respectively.

in chlorpyrifos poisoning has been associated with its ability to decrease serum iron concentration,
thereby interfering in hemoglobin synthesis (Goel et al., 2006). The observed decrease in PCV,
MCV, MCH and MCHC correlates with the earlier studies on chlorpyrifos intoxication in birds and
may be attributed to the changes in RBC destruction (size and shape) and decrease in Hb synthesis
and Hb content, thereby implying microcytic hypochromic anemia (Savithri et al., 2010). An
increase in platelet counts in all the toxin-treated birds at all sacrifice-intervals in the present study
correlated with the previous reports (Ambali et al., 2010). The reason for discrepancy is unclear but
might be related to the duration of exposure. However, thrombocytosis is associated with
coagulopathic disorders characterized by wide spread clotting in tissue, resulting in embolism,
tissue ischemia and tissue/organ damage. ROS reportedly facilitates platelet activation (Krotz et al.,
2004; Essex, 2009).

The repeated exposure of birds to chlorpyrifos resulted in a significant reduction in TLC and
lymphocyte count with increase in heterophil, basophil and monocyte count in group 11, 11l and 1V
from 2" week post-exposure. These observations are in agreement with Gayal et al. (2012).
Heterophils are the first line of defence against infectious agents, tissue injury, parasites and
inflammatory or foreign materials and exert their activity by eliminating foreign material through
phagocytosis (Kobayashi et al., 2003). So, the observed decrease in leukocyte counts following
intoxication with chlorpyrifos could be attributed either to the slower rate of leukocytes production
or due to their inhibited release into the blood circulation (Goel et al., 2006). Heterophils were
higher in treated groups, which might be due to the relative reduction in lymphocyte count or as a
result of reparation processes of haemopoiesis in birds following chlorpyrifos exposure. Increase in
basophil and monocyte count was observed but eosinophil values in chlorpyrifos group did not vary
significantly. Contrary to our finding, increase in these values has been reported (Savithri et al.,
2010). The increase might be attributed to the chlorpyrifos-induced tissue damage and severe
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Table 2: Effect of chlorpyrifos on total leucocyte count (10° mm™) and differential leucocyte count
(%0) in birds of different treatment groups (n = 6)

Weeks post-

Parameters exposure Group-I Group-1l Group-lil Group-1V
TLC 2nd 28.34 +0.73% 23.04 + 0.41%° 25.45 + 0.58* 26.23 +1.23"A
3 4t 28.78 + 0.44% 21.58 + 0.528 24.89 + 0.44°® 25.45 + 0.44°8
(107 pL) 6" 29.53 + 0.52% 20.45 + 0.46%¢ 23.26 + 0.47%¢ 24.69 + 0.73°¢
Heterophils 2nd 28.24 + 1.14%A 31.23+1.20% 30.86 + 1.02"A 29.33+ 1.20*
Lerop 4" 29.47 £0.66"  36.47 +0.66™ 33.20£0.47"°  30.67 +0.66°
(%) 6" 29.72 + 0.85%® 38.00 + 1.45% 35.00 + 1.52°¢ 33.33+1.65%
Lvmphocyies 2nd 64.73+ 1.88" 62.43 + 0.48%" 63.21 + 0.84* 63.33+0.88""
ymp yt 4" 65.07 £0.43®  55.87 £0.13"® 57.37£0.56®  50.67 £0.43"
(%) 6" 65.31 + 1.24%8 51.66 + 1.10% 56.00 + 1.67<¢ 59.33 + 1.20°8
Monocvtes 2nd 4.83 + 0.88* 5.33+0.18%" 5.00 + 0.58"" 4.33 +0.80*
(%) yt 4t 4.71 + 1.44* 5.80 + 0.64* 5.33 +0.68"" 4.75 + 0.54*
6" 5.24 +0.20°® 7.00 +1.70%® 6.33+0.57° 5.37 + 1.50°®
Basophils 2nd 0.30 + 0.33"" 0.50 + 0.47* 0.45 +0.33"A 0.40+ 0577
% ';’ 4t 0.33+0.20"* 0.60 £ 0.10%® 0.50 + 0.34°A 0.43 £ 0.20%
6" 0.55 + 0.37%8 0.67 £0.13%® 0.65 + 0.338 0.60 +0.33®
Eosinophils 2nd 1.00 + 0.69% 1.00 + 0.66* 1.00 + 0.66* 1.00 + 0.57*%
%) P 4t 1.13 +0.30% 1.58 + 0.33* 1.54 +0.33* 1.33+0.33*
0 6" 1.32 +0.33*% 1.60 + 0.44% 1.58 + 0.88% 1.33 +0.23%
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Mean£SE bearing at least one common lower case superscript across columns and upper case superscript
across rows do not differ significantly between groups and weeks (P<0.05), respectively.

*Group | = control; Group II, Ill and 1V birds treated with chlorpyrifos @ 3.2, 1.6 and 0.64 mg kg™ body
weight, respectively.

disturbance of non-specific immune system leading to relative reduction in lymphocyte count or as
a result of reparation processes of haemopoiesis in birds.

All the treatment group birds showed significant decline in total protein concentration,
albumin, globulin and A:G ratio amongst each other and than those of control birds at all sacrifice
intervals in dose- and duration-dependent manner (Table 3). Decrease in protein in chlorpyrifos-
treated groups might be due to increased catabolism of proteins and their decreased synthesis
(David et al. 2004). Attia and Nasir (2009) attributed the lower albumin values to the changes in
protein and free amino acid metabolism and their synthesis in liver. Significant decrease in albumin
and globulin levels suggesting hepatotoxicity has previously been reported by Salih (2010). The
decreased levels of these biochemical parameters might be attributed to decreased feed
consumption, increased protein catabolism and serum protein leakage through urine. Besides liver
being the main organ of protein synthesis especially albumin (Kaneko et al., 2008), the hepatic
damage observed in toxin- fed groups in this study may be the other contributing factor for
hypoproteinemia, hypoalbumi-nemia and hypoglobulinemia. The increase in the levels of serum
AST and ALT in treated birds in dose- and duration-dependent manner suggested damage to heart
and skeletal muscles, liver and kidneys. Our findings are in agreement with Ambali (2009) and
Mansour and Mossa, (2009).

In present study, the activity of erythrocyte acetylcholinesterase (RBC AchE) and pseudo-
cholinesterase/ butyryl cholinesterase (BuChE) significantly declined in all toxin-treated birds. The
results are in agreement with Karanth and Pope (2000). AChE concentration is low in plasma and
plasma BUChE is used as an indicator of AchE in myoneuronal junction. Alterations in this enzyme
level indicate impairment of cholinergic function. Thus, in the present study, inhibition of acetyl
cholinesterase enzyme by chlorpyrifos resulted in the accumulation of acetylcholine at myo-
neuronal junctions causing cholinergic hyperactivity, with cognitive dysfunctions observed in
experimental animals. The study revealed that chlorpyrifos has haemotoxic, immunotoxic,
hepatotoxic, nephrotoxic and neurotoxic effects in broiler chickens.
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Table 3: Effect of chlorpyrifos on serum biochemical parameters in birds of various treatment
groups (n = 6)

Weeks post-
Parameters exposure Group-I Group-1l Group-lil Group-1V
. 2n 2.90 + 0.01* 2.23+0.01% 2.56 + 0.01°A 2.75+0.01°4
Total protein th aB B B bB
(gdL 4 3.50 +0.04 2.27 +0.00 2.70+0.01 2.89+0.01
6" 3.84 +0.03¢ 2.43 +0.00% 2.79 +0.01 2.97 +0.00°°
Albumin 2:: 1.30 + 0.092’; 091+ 0.05:: 1.10 + 0.082’; 1.20 + 0.07‘;’;
(@ L 4 1.63+0.01 0.96 + 0.01 1.19+0.07 1.30 +0.05
6" 1.84 + 0.05% 1.05 + 0.00% 1.25 + 0.08% 1.50 + 0.04°¢
Globulin 2:: 1.50 + 0.012’; 131+ 0.07:2 1.45 + 0.102’; 1.54 + 0.09‘;’;
(gdL) 4 1.87 £0.12 1.31+0.02 1.50 + 0.09 1.59 + 0.06
6" 2.00 + 0.06* 1.37 £ 0.04% 1.53 £ 0.01°® 1.46 + 0.04°*
2" 0.81+0.01" 0.69 +0.01™" 0.75 +0.00°* 0.77 £0.01™
A:G 4" 0.87 +0.00°® 0.73+0.00%® 0.79 +£0.01%® 0.81 +0.00"®
6" 0.92 +0.00% 0.77 £0.01% 0.81 +0.01°¢ 0.94 +0.00°°
2" 208.1+1.15% 227.3+0.70*  220.7+0.36®®  214.9+0.97A
AST (IU LY 4" 217.1+0.47°®  2552+0.93®  234.8+1.19® 2235+1.77®
6" 224.1+1.17°¢  278.2+0.98°°  251.5+1.42°  232.1+1.30°
2" 34.6+0.32"" 505+0.77" 42.1+0.52°% 38.2 +0.33"
ALT (IUL™ 4" 36.5+0.61°° 58.8+0.87® 48.5 +0.56" 40.4 +0.26%®°
6" 38.9+043"  63.6+0.71° 52.0 + 0.42°¢ 42.5+0.51°¢
RBC Acetyl- 2" 11552 £ 35.17"% 10044 +3.94** 10321 +6.56™ 10838 + 27.1*"
cholineesterase 4" 11587 + 39.69°® 9785 +68.70* 10113 +0.81°® 11441 +36.7**
(UL?h 6" 12097 £ 80.71%¢  7217+1.53*° 8857+ 52.50°° 9665 + 55.7°C
Pseudocholine- 2n 1158.2 + 4.01% 1003 +1.92**  1051.06 + 2.69°* 1103.40+4.53"
esterase 4" 1206.14 + 3.14"® 960.58 + 4.44*®  980.05 + 4.53"®  1088.05+0.60°®
(UL 6" 1186.61 + 0.52C 888.76 +3.64°° 899.47 + 3.33°°  1072.40+1.69°

Mean£SE bearing at least one common lower case superscript across columns and upper case superscript
across rows do not differ significantly between groups and weeks (P<0.05), respectively.

*Group | = control; Group II, Il and 1V birds treated with chlorpyrifos @ 3.2, 1.6 and 0.64 mg kg™ body
weight, respectively.
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