VETERINARSKI ARHIV 80 (5), 673-682, 2010

Histopathological alterations induced after oral sub-acute thiacloprid
toxicity in Gallus domesticus

Saloni Goyal'!, Harpal S. Sandhu'*, and Rajinder S. Brar?

‘Department of Veterinary Pharmacology and Toxicology, Guru Angad Dev Veterinary and Animal Sciences
University Ludhiana, Punjab, India

’Department of Veterinary Pathology, College of Veterinary Science, Guru Angad Dev Veterinary and Animal
Sciences University Ludhiana, Punjab, India

GOYAL, S., H. S. SANDHU, R. S. BRAR: Histopathological alterations induced
after oral sub-acute thiacloprid toxicity in Gallus domesticus. Vet. arhiv 80, 673-682,
2010.

ABSTRACT

Repeated oral administration of 10 mg/kg/day thiacloprid, a neonicotinoid insecticide, for 28
consecutive days in Gallus domesticus, resulted in significant changes in the gross morphology of liver,
lungs and intestine but no alterations in the kidneys, brain, heart and ovaries. Histopathologically significant
alterations in the liver were observed, such as mild fatty changes, congestion and degeneration of hepatocytes.
Alterations in the histoarchitecture of the kidneys included marked congestion, tubular cell degeneration
and sloughing of epithelial cells. The cerebral hemisphere revealed changes comprising of mild neuronal
degeneration with surrounding glial cells, satellitosis and vacuolation. Mild congestion and haemorrhage was
observed in the lungs and myocardial tissues following oral administration of thiacloprid. No adverse effect on
the ovarian histoarchitecture and thus the reproductive performance of Gallus domesticus was seen. The oral
sub-acute toxicity study of thiacloprid revealed that this neonicotinoid insecticide is of moderate risk in Gallus
domesticus.
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Introduction

The use of insecticides in agriculture in recent years has increased tremendously and
overshadowed all other control measures as means of crop protection. However, their
use in agriculture and veterinary practices has also been associated with numerous health
problems in man and animals (BENBROOK, 1991). Some of the major problems linked
to excessive and indiscriminate insecticide use are the presence of residues in food and
feed commodities, environmental pollution, insecticide resistance and insect resurgence
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(SANBORN et al., 2002). Among the various problems associated with pesticide use is the
possibility of its biological accumulation in animal products such as milk, meat and egg,
which are consumed by human beings (KUTCHES et al., 1970).

Thiacloprid is a new neonicotinoid insecticide that belongs to a new group of active
ingredients, the cyanoamidines, and is effective on contact and via stomach action. It
produces its action by binding agonistically to the nAChRs in the CNS of insects (LIU
and CASIDA, 1993; ZHANG et al., 2000). It opens the ion pores of the receptor to induce
a depolarization of nerve cell membrane that triggers an action potential and abnormal
excitement in the insect by interrupting the normal synaptic transmission. This mode of
action is unique to the neonicotinoids, so cross-resistance to conventional insecticides is
non-existent. Exposure of poultry to pesticides often results in numerous health hazards
and economic losses, in addition to posing a threat to public health, due to the presence
of pesticide residues in poultry meat (HISASHI et al., 2006; ELLIS, 1989). The data on
histopathological changes induced due to repeated exposure to thiacloprid are lacking
and, as birds are more sensitive to xenobiotics as compared to mammals because of their
relatively small liver and rapid food intake (ANAM and MAITRA, 1995), the present study
was undertaken to investigate the effect of 28 days administration of sublethal doses of
thiacloprid on histopathology of Gallus domesticus.

Materials and methods

The present study was conducted on one and half year old layer Gallus domesticus.
The birds were procured and housed in pens at the Layer House of the Poultry Farm,
Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, India. The birds
were provided with standard feed and clean water ad libitum and were acclimatized to the
layer house for ten days prior to the commencement of the study. In addition to feed and
water, the birds were provided with mineral mixture, Vimeral, coccidiostat amprolium
hydrochloride and anti-stress vitamins before the start of experiment. The thiacloprid
(Alanto 240 SC, Thiacloprid 21.7%), used in this study was commercially obtained from
the authorized dealer of Bayer Cropscience Limited, Sabarkanta, Gujarat. Based on the
recommended concentrations of thiacloprid used for crop protection, a suitable non-lethal
dose of thiacloprid was selected for the administration by oral route.

The experimental trials were approved by the Institutional Animal Ethics Committee,
India and conducted under its guidelines at the Poultry Farm of Guru Angad Dev Veterinary
and Animal Science University, Ludhiana 141004. Thirty-six birds were randomly divided
into seven groups. Group I, II and III, containing four birds each, served as control, in
which no insecticide was administered, whereas the birds were stressed giving distilled
water by using catheter with 2 mL glass syringe. Groups IV, V, VI and VII contained
six birds each and were administered thiacloprid in repeated oral dose of 10 mg/kg/day
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for 7, 14, 21 and 28 days or until the birds were sacrificed or died, respectively. The
requisite amount of insecticide was suspended in water and administered directly into
the proventriculus of the bird by using a catheter with a 2 mL glass syringe. Detailed
post-mortem examinations of all the birds of groups I, II and III was performed on days
0, 14 and 28 of the experiment and for groups IV, V, VI and VII on day 7, 14, 21 and 28
of thiacloprid (10 mg/kg/day) treatment, respectively. For the birds which died during
experiment, the post-mortem was performed immediately after death.

Post-mortem findings were made by systemic approach (i.e. gross changes in organ
size, shape and any visible lesion) and detailed post-mortem lesions from all the birds
were recorded. For histopathological examination, tissues from the liver, heart, kidney,
brain, lung, intestine and ovaries were dissected out and cleaned with physiological saline
solution (0.89%). The tissues were immediately put in 10% neutral formalin solution for
subsequent processing and histopathological studies.

The formalin fixed tissues were thoroughly washed in running tap water, dehydrated
in ascending grades of alcohol and acetone, cleared in benzene, and embedded in paraffin
wax at 58 °C. Five microns thickness sections from paraffin embedded tissues were stained
with haematoxyline and eosine (H&E) stain (BANCROFT and STEVENS, 1996). The H&E
stained slides were examined by AHBT, the Research Photomicrographic Microscope
system of Olympus Corporation, USA.

Results

Thiacloprid (10 mg/kg/day), on repeated oral exposure, produced significant gross
changes inthe liver of the treated birds with enlargement, pallor or yellowish discolouration.
Marked areas of haemorrhages, necrosis, congestion and fatty changes were also observed
in the liver of all treated birds with severity depending on the number of treatment days.
No apparent alteration in the gross morphology of the liver was observed in the birds of
the control groups.

Repeated oral administration of thiacloprid at a dose rate of 10 mg/kg/day for 28
days did not produce any apparent morphological changes in the brain but produced
congestion of the upper respiratory tract and myocardium along with mild haemorrhages
in the heart. The kidneys were found to be congested and haemorrhagic in the birds kept
in the treatment groups. There was mild enteritis in the small and large intestines in all
insecticide treated birds.

Microscopically, the changes in the histopathological architecture of the liver
after 14 days of thiacloprid administration comprised mild fatty changes, congestion
and degeneration of the hepatocytes. The severity of the lesions progressed with the
progression of the study period. On day 21 of the experiment marked degeneration of
the hepatocytes was found and on day 28 marked degeneration of the hepatocytes, fatty
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changes along with vacuolation and focal necrosis of hepatocytes (Figs. 1a and 1b) were
evident. There were no significant changes in the livers of the control groups.

) y ¥, : . \“ O
Fig. 1. Photomicrographs of a section of the liver of a Gallus domesticus after sub-acute
administration of thiacloprid (10 mg/kg/day) showing: (a) fatty changes and vacuolation, (b)
degeneration and focal necrosis of hepatocytes. H&E, scale bar = 20 um.

Fig. 2. Photomicrographs of a section of a kidney of a Gallus domesticus after sub-acute
administration of thiacloprid (10 mg/kg/day) showing: (a) mild degeneration of tubular epithelial
cells, (b) sloughed off tubular epithelial cells lying in the lumen of convulated tubules. H&E,
scale bar = 50 pm.
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Fig. 3. Photomicrographs of a section of Fig. 4. Photomicrographs of a section of a
the cerebrum of a Gallus domesticus after lung of Gallus domesticus after sub-acute
sub-acute administration of thiacloprid (10 administration of thiacloprid (10 mg/kg/day)
mg/kg/day) showing neuronal degeneration, showing mild congestion. H&E, scale bar =50
vacuolization and gliosis in cerebral pm.

hemisphere. H&E, scale bar = 20 um.

Fig. 5. Photomicrographs of a section of the heart of Gallus domesticus after sub-acute
administration of thiacloprid (10 mg/kg/day) showing mild myocardial haemorrhages and
congestion. H&E, scale bar = 50 pm.

There was a significant alteration in the histoarchitecture of the kidneys, especially
in the second half of the experiment. Photomicrographs of a section of the kidneys after
14 days of insecticide exposure (Fig. 2a) showed mild tubular cell degeneration. The
nephritic changes continued as the experiment progressed, with marked congestion,
collecting duct degeneration and sloughing of epithelial cells becoming evident on day
28 of treatment (Fig. 2b). The section of the cerebral hemisphere showed small vacuoles
within neurons in the early stages of experiment. The changes at the end of experiment to
the cerebral hemisphere comprised of mild neuronal degeneration, with surrounding glial
cells, satellitosis and vacuolation (Fig. 3).
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The subacute oral toxicity of thiacloprid (10 mg/kg/day) produced mild congestion
and haemorrhage in the lungs (Fig. 4) and mild myocardial haemorrhages and congestion
in the heart (Fig. 5). There were no observable gross or histopatholgical changes in the
ovaries of poultry birds.

Discussion

The gross lesions observed in thiacloprid -fed birds were a pale, haemorrhagic,
congested and enlarged liver. The gross lesions in the liver are in concurrence with the
findings of KAUR et al. (1999) in goats and MEHTA et al. (2003), YADAV et al. (2003) and
KRISHNAMOORTHY et al. (2007) in broiler chicks after administration of chlorpyriphos.
The findings are also related to the results produced by ANONYM. (2001) after a four-
week study done with thiacloprid in rats in which hypertrophy of the liver was observed.
The enlargement of the liver in the present study was probably due to the functional
hypertrophy of the smooth endoplasmic reticulum and increased drug metabolizing
multi-enzyme complex, as suggested by ZIMMERMAN (1999). The observed changes in
the digestive tract of the birds in the treatment group suggested that thiacloprid has some
irritant action on the intestinal membrane.

Microscopic changes in the liver with large areas of vacuolation, fatty degeneration,
large areas of necrosis and congested sinusoidal spaces after the 14" and 28" days of
the trial are similar to imidacloprid administration in Japanese quail (ABO-EL-EZZ et
al., 1986; EISSA, 2004). Hepatocellular hypertrophy and fatty changes in the liver were
also observed in a three-week study conducted with thiacloprid by ANONYM. (2001) in
mice. The study suggested that toxic responses occur relatively frequently in the liver
compared with other organs, mainly because the liver is a predominant organ for the
metabolism, and is also the first major organ to be exposed to ingested toxins, due to
its portal blood supply (POPP and CATTLEY, 1991). A fatty liver is a common response
noted with a variety of liver toxicants and represents a potentially reversible injury of the
hepatocytes (TREINEN-MOSLEN, 2001). Loss of hepatic cell integrity and homeostasis
generally cause energy production failure and cell membrane rupture, which allow
leakage of cell contents and enzymes (ZIMMERMAN, 1999). The kidneys showed marked
congestion, tubular cell degeneration and sloughing of epithelial cells in thiacloprid fed
birds, which concurred with earlier reports by MAJUMDER et al. (1994), who reported
glomerular and tubular necrosis in broiler chicks with repeated oral doses of fenvalerate.
Kidneys are an important excretory organ, which, along with the liver, also accumulate
toxicants. Chemically induced injury to the kidneys is reported to occur as a result of the
direct effect of thiacloprid or a metabolite on renal cells, or occurs indirectly by alteration
in renal haemodynamics, or by a combination of both (ALDEN and FRITH, 1991). The
observed histopathological changes in the kidney in the present study clearly indicated
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that repeated oral exposure to thiacloprid has a marked adverse effect on the functioning
of kidneys in poultry birds.

Changes in the cerebral hemisphere comprised mild neuronal degeneration with the
surrounding glial cells, satellitosis and vacuolation. These findings are in agreement with
KRISHNAMOORTHY etal. (2007), MALIK etal. (2002) and YADAV et al. (2003) who reported
perivascular and perineuronal oedema, gliosis and degeneration of a few neurons and
Purkinje cells in broilers fed with chlorpyriphos. Histological examinations of the brains
of poultry fed with different insecticides have revealed sporadic neurons containing
double nuclei, suggesting enhancement in cell division by insecticides (LAKOMY et al.,
1984). Proliferation of glial cells is a common response to loss of neurons. Thiacloprid
exerts its effects possibly by acting both as an agonist and an antagonist on the nicotinic
ACh receptors and these nicotinic cholinergic receptors are involved with neurotoxicosis,
whose activation occurs at the neuromuscular junction (ANTHONY et al., 2001).

The lungs and heart showed mild congestion and haemorrhage, similar to the work
of PUROHIT (2005) who observed congestion in the lungs and heart following oral
administration of acephate in mice. GUPTA (1988) reported decline in the relative weight of
the heart with histopathological alterations in cypermethrin intoxicated rats. Although the
mechanism of pulmonary toxicity is poorly understood, it is reported that lung damaging
processes depend on several endogenous factors, including lung cytokines (WITSCHI and
LAST, 1991). The cause of the observed changes in cardiac tissue in the present study also
cannot be cited with precision, but several factors including stress, metabolite toxicities
and/ or endocrine disturbances are reported to lead to such myocardial alterations
(ACOSTA, 1992).

No significant histopathological changes were seen in the ovaries of the poultry
birds. Although several groups of insecticides, (such as endosulphan, which produces
degeneration of the immature oocytes and rupture of the follicular epithelium in mice
(AZARNIA et al., 2008), cypermethrin that induces connective tissue proliferation in
ovaries of rabbits (ULLAH et al., 2006) and DDT which increases oocytes atresia in ovaries
along with ovarian hypertrophy and decreased ovarian growth (SIBONANI et al., 2009) are
known to affect the ovary and reproductive hormones of animals, but the present findings
suggest that thiacloprid has no adverse effects on the ovarian histoarchitecture and thus
on the reproductive performance of Gallus domesticus.

The oral sub-acute toxicity study on thiacloprid revealed that this neonicotinoid
insecticide is moderately toxic to Gallus domesticus. The histopathological studies
suggested that thiacloprid produced time dependent toxicosis in poultry birds.
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SAZETAK

Ponovljena oralna primjena neonikotinoidnog insekticida tiakloprida u koli¢ini od 10 mg/kg/dan uzastopno
tijekom 28 dana u kokosi je dovela do znacajnih patomorfoloskih promjena u jetrima, plué¢ima i crijevima, ali
neznatnih u bubrezima, mozgu, srcu i jajnicima. U jetrima su ustanovljene znatne patohistoloske promjene poput
blage masne degeneracije, kongestije i degeneracije hepatocita. Promjene u bubrezima ukljucivale su znatnu
kongestiju, degeneraciju tubularnih stanica i ljuStenje epitelnih stanica. U mozgu su ustanovljene promjene
u smislu blage degeneracije ziv€anih stanica okruzenih glijalnim stanicama te satelitoza i vakuolacija. Blaga
kongestija i krvarenje ustanovljeni su u plu¢ima i u sréanom misic¢u nakon oralne primjene tiakloprida. Nije
ustanovljen Stetan ucinak na histolosku gradu jajnika i time na reprodukcijsku sposobnost kokosi. Subakutno
otrovanje kokosi tiaklopridom pokazalo je da je taj neonikotinoidni insekticid umjereno $tetan za kokos.

Kljuéne rijeci: Gallus domesticus, tiakloprid, neonikotinoid, patohistologija
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