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ABSTRACT

To evaluate maternal and fetal toxicity induced by abamectin pesticide (Vertimec) in
female rabbits during lactation period, twelve pregnant New Zealand white rabbits were
divided into two groups (6 for each). The first group was used as control and received orally
distilled water. The second group was orally administered 2mg/kg B.wt of abamectin from
first day of parturition till 30" day of lactation. Body weight of fetuses was recorded every
week for one month. The two groups (dams and their fetuses) were sacrificed at 30" day of
lactation. Blood samples were collected from dams and their fetuses for hematological
examination. Sera samples were separated for biochemical analysis. Liver, kidney, spleen and
brain from both dams and their fetuses were preserved in neutral buffered formalin for
histopathological examination. The results revealed a significant decrease in fetal body weight
during lactation period compared to control group. Hematological analysis of dams revealed
that total count of white blood corpuscles (WBCs) and the values of PCV were non-
significantly altered. Serum activities of AST and ALP enzymes were significantly increased,
but ALT activity was not altered. The activity of GST and SOD enzymes were significantly
decreased, but nitric oxide (NO) levels were increased. For fetuses, there was a significant
increase in total count of WBCs, PCV values and Hb concentrations. Sera samples of fetuses
revealed a significant increase in ALT, AST ALP and SOD enzymes activities. GST enzyme
activity was decreased. Nitric oxide (NO) levels were increased. Histopathological
examination revealed pathological changes in liver, kidney, spleen and brain tissues in both
dams and fetuses. This study indicated that abamectin has deleterious effects on both mother

and fetuses during lactation period.
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INTRODUCTION

The avermectins (AVMs) are compounds derived from the fermentation of the soil
bacterium Streptomyces avermitilis. This group includes abamectin, ivermectin and
doramectin, which are highly effective against a broad spectrum of common pests in
agriculture, making avermectins one of the most widely used classes of parasiticides
(Campbell, 1989; Kovecses and Marcogliese, 2005). Abamectin is a mixture that contains
about 80% avermectin Bla and 20% avermectin Blb, which have similar biological and
toxicological properties (Lankas and Gordon, 1989; Fisher and Mrozik, 1992). AVMs act
mainly on the nervous system of organisms and although the antiparasitic activity of AVMs
was first described in 1979, its action mechanism has not been fully elucidated. However, it is
usually related to GABAergic receptors (y- aminobutyric acid) in invertebrates as well as
vertebrates, and glutamate-gated chloride channels in invertebrates. Most authors mention that
the AVMs can act not only as GABA agonists, but also can stimulate the release of GABA in
the presynaptic inhibitory terminals. In both cases, they increase the permeability of chloride
ions, hyperpolarizing the nerve and muscle cells, ultimately interfering with neuromuscular
transmission, leading to death (Cully et al.,, 1994). Abamectin poisoning can impair the

function of hepatocytes.

Research conducted by Hsu et al.,, (2001) showed elevated activity of the enzyme
aspartate aminotransferase (AST) in the blood serum of rats after exposure to abamectin by
gavage at doses between 1 and 20 mg/kg body weight. The maximum activity was obtained
with a dose of 20 mg/kg of body weight 1h after ingestion. Eissa and Zidan (2010) using a
commercial product, and observed signs of liver toxicity, with increased activity of the
enzyme AST activity in rats treated with doses equivalent to 1/10 or 1/100 of the LD50 (18
mg/kg) in the diet of animals over 30 consecutive days. In addition, EI-Shenawy (2010)
undertook a comparative study of the in vitro toxic action of some insecticides, including
abamectin at concentrations of 10 and 100 uM, on isolated rat hepatocytes. There was a
significant increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
activity when hepatocytes were incubated for 30 min with both concentration. This activity

persisted after 120 min.

The effects of ivermectin on preweaning rat pup mortality, growth, and behavior were
examined in a study that orally administered 1, 2, or 4 mg/kg/day from gestation days 6 to 20

and lactation days 2 to 20. Increased pup mortality, delayed growth, and effects on various
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reflex and behavioral tests were observed in the 2 and 4 mg/kg/day groups, whereas in the 1

mg/kg/day group only cliff avoidance and locomotion were affected (Poul, 1988).

The aim of this study was to evaluate the maternal and fetal toxic effects of abamectin

when administered during lactation period.

MATERIAL AND METHODS

Tested insecticide:

The tested insecticide was abamectin, (Vertimec® ) 1.8%EC, Syngenta Company; used
as an acaricide. A mixture containing a minimum of 80% avermectin B, (5-O-
demethylavermectin A;,) and a maximum of 20% avermectin B, (5-O-demethyl-25-de-(1-

methylpropyl)-25-(1-methylethyl) avermectin Aj,.
Experimental animals and Design:

Twelve mature female New Zealand white rabbits, weighing 3 to 3.5 kilogram and aged
about 4.5 to 5 months old were obtained from Animal Experimental Unit, Faculty of
Agriculture, Mansoura University. The animals were apparently clinically healthy. Animals
were housed in separate batteries and kept under controlled condition (23+£1°C), 12h light and
12h dark cycle. Rabbits were fed on standard laboratory pelleted diet and water ad. Libitum.
They were accommodated for our laboratory condition for 2 weeks before starting the
experiment. Dams were caged with male and zero day of pregnancy was detected then the
pregnant rabbit were randomly distributed into two groups (6 for each). The first group used
as control and received orally distilled water. The second group was orally administered
2mg/kg B.wt of abamectin from first day of parturition till 30™ lactational day. Dams and
their fetuses were observed twice daily for signs of treatment-related effects and body weight
of fetuses was recorded every week for one month. At 30" day of lactation, both dams and

their fetuses were sacrificed.
Blood samples

Blood samples from dams and their fetuses were collected immediately after sacrificing
in dry clean centrifuge tubes. One portion was taken on EDTA as anticoagulant for
haematological examination. The other portion was collected without anticoagulant and left to
clot at room temperature for about 20 min. and then centrifuged at 3000 r.p.m for 15 minutes;
the serum was drown in dry clean-capped tubes and kept in deep freezer at-20°C until

conducting the biochemical analysis.
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Haematological Examination

Total leukocytic count (TLC): Leukocytes were counted (Feldman et al.,2000).
Hemoglobin concentration (Hb): (Drabkin,1949). Packed cell volume (PCV)( Coles, 1986).

Biochemical Analysis

Liver function tests: Aspartate and Alanine aminotransferase (AST and ALT) activities
of (Reitman and Frankel 1957). Alkaline phosphatase (ALP) activity (Belfield and
Goldberg 1971). Antioxidant levels: Glutathione-S-transferase (GST) (Habig and Pabst
(1974) and Superoxide dismutase (SOD) Nishikimi (1972). Nitric oxide (NO) (Montgomery
and Dymock 1961).

Histopathological study

Specimens from liver, kidney, spleen and brain were preserved in 10% neutral buffered
formalin. Sections of 5 micron thickness were prepared and stained by hematoxyline and

eosin (H&E) and examined microscopically according to Bancroft et al., (1990).
Statistical Analysis

Statistical analysis was carried out (Snedecor and Cochran, 1984), the different

variables were analyzed using Student's (t) test.

RESULTS

1. Effect of abamectin on rabbit dams
Hematological Parameters :

There was non-significant difference in the values of PCV, Total Leukocytic Count and

Hb concentration table (1), fig. (1,2,3)
Biochemical parameters:

There was non-significant difference in the activity of alanine aminotransferase enzyme
(ALT). While, there was a highly significant increase in the activities of aspartate
aminotransferase enzyme (AST) and alkaline phosphatase enzyme (ALP). In addition, there
was a highly significant decrease in the activities of GST enzyme and SOD enzyme. NO

levels were highly significantly increased.
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Table (1): Effect of abamectin on some hematological and biochemical parameters of rabbit

dams during lactation period (Mean + SE).

c ALT AST ALP SOD GST NO PCV Hb TLC
roup U/ml U/ml TU/L U/ml UL Mmol/L % g/dl 10°/uL

Postnatal | 13.93+ | 15.62 8.17 | 34580 | 32018 8.03 4220+ | 9794+ | 8.02+

Control 0.12 +039 | +£1.85 | 453 | +86.63 +0.33 0.58 0.23 0.32

* *

Postnatal 13.75+ | 30.13° | 49.33 218.3" 1804.7" 11.18 40.00+ | 10.728 | 7.66+

2 mg/kg 0.21 +0.35 +1.54 4.20+ +52.17 +0.23 1.52 +0.36 0.46
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2. Effect of abamectin on suckling fetuses
Effect on body weight :

A significant decrease in body weight of foeti during 1% week compared to control. A
highly significant decrease in body weight of foeti during 2" 3" and 4™ week compared to

control.

Table (4) Weight of foeti from dams orally administered abamectin during lactation period

(Mean+SE):
period Control group Group 2mg /kg
(gm.) (gm.)
Initial bodyweight 37.1+1.10 36.9 + 1.05
1% Week . 73.5 +2.98 63.50 + 1.83
2" Week . 195.5 +5.02 152.0° +5.88
3" Week . 304.5 +7.97 230.0° +5.92
4™ Week . 423.5+10.78 329.0" + 8.49
5004

BB Postnatal group Neonates Control
#@ Postnatal group Neonates 2mg/kg

Fig.(8): Body weight of suckling fetuses from dams orally administered abamectin during

lactation period.
Haematological parameters:

There were non-significant in the values of PCV and hemoglobin concentration . A highly

significant increase in the total leucocytic count.
Biochemical parameters:

There were a significant increase in the activities of ALT, AST and ALP enzymes.
While, GST enzyme activity was highly significantly decreased. SOD enzyme activity was

significantly increased. Nitrogen oxide (NO) levels were highly significant increased.
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Table(6): Hematological and biochemical parameters of suckling feti from dams treated with
abamectin during lactation period (Mean + SE).

Gr ALT [ AST ALP GST SOD [ NO PCV [ Hb TLC
O Uml |uUml |1uL |uL Uml | Mmol/L | % g/dl 10*/uL
Postnatal | 15.15 15.15 | 3433 [274530 | 15520 | 7.45 4370 [ 1085+ | 470+
Control | 2029 | +037 |+080 |+3987 |+158 |+029 +0.49 | 0.29 1.36.
Postnatal | 23.12° | 30.95° [49.83° [ 159580" | 16520 | 21.30" 47.40 | 11.903+ | 7.11" +
Imgkg | £069 |+033 |=130 |+1204 |+311 |+084 +1.09 | 0.30 1.44.
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Histopathological changes

Histopathological examination of mother tissues indicated that liver tissues showed
massive nercrosis around central vein. The kidney showed glomerulonephritis and
degenerative changes in renal tubules (fig.16). Spleen showed Spleenitis, lymphoid depletion
and hyperplasia of germinal center. Brain showed neuronal necrosis and astrocytosis.
Histopathological examination of fetal tissues revealed that the liver showed chronic hepatitis
with grade III fibrosis (fig.17). The kidney showed glomerulonephritis and swelling of renal
tubules. Spleen showed necrosis of lymphocyte and congestion of splenic sinusoid. Brain

showed neuronal necrosis with astrocytosis and demyelination, beside microgliosis and

perivascular cuffing with lymphocytes. (fig.18).

‘ﬁ.'"'!

£ T S T e

2% —= ‘) > =

Fig. (16) Histopathological changes of mother tissues at 30™ day postnatal received 2 mg\kg
B.wt of abamectin,
a- Section from liver showing showed massive nercrosis around central vein. (10X).

b- Section from kidney showing glomerulonephritis and degenerative changes in renal
tubules (10X).

c- Section from spleen showing Spleenitis, lymphoid depletion and hyperplasia of
germinal center. (10X).

d- Section from brain showing neuronal necrosis and astrocytosis. (4X).
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Fig. (17) Histopathological changes of suckling fetus's tissues at 30™ day postnatal from
mother received 2 mg\kg B.wt of abamectin,

a- Section from liver showing Chronic hepatitis with grade III fibrosis (arrow)(10X).
b- Section from kidney showing glomerulonephritis and swelling of renal tubules. (10X).

c- Section from spleen showing necrosis of lymphocyte and congestion of splenic
sinusoid. (10X).

d- Section from brain showing neuronal necrosis with astrocytosis and demyelination,
beside microgliosis and perivascular cuffing with lymphocytes (4X).

DISCUSSION

Pesticides are agricultural chemicals used for controlling pests on the plant or animals.
Problems associated with pesticide hazards to man and environment are not confined to the
developing countries, but extended to developed nations and still facing some problems in
certain locations (Nuckols et al., 2007).

Abamectin administration caused a significant decrease in total leukocytic count
(TLC) and PCV values. A significantly reduction in total count of white blood cells could be

indicative of immune-suppressionm (Schroder et al., 2007).The obtained results are in
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agreement with those found by Ali, (1990); Anubama et al.,, (2001) who stated that

avermectins reduced leukocyte counts in rabbits and rats.

Oral administration of abamectin significantly increased the activities of plasma AST
and ALP in treated rabbits, compared to the control group. While, the activity of ALT not
altered. These findings were in agreement with the results of Hsu et al., (2001). They
indicated that the activity of AST level was elevated in abamectin in rats in a dose-dependent
manner at 1, 3, and 12 h, respectively. Activity of serum enzymes like AST and ALT,
represented the functional status of the liver (Cremer and Seville, 1982). As certain hepatic
damage is considered pathologically irreversible (Helling et al., 1995), the elevation of AST
may render the liver to be more susceptible to other toxicants (Chamulitrat and Spitzer,
1996; Nayak et al., 1996). Aspartate aminotransferase is an important indicator of liver
damage in clinical studies. During hepatocellular injury, AST was found to be secreted into
the blood (Kalender et al., 2005). In dying or damaged cells, these enzymes leak into the
blood stream (Mansour and Mossa, 2010). However the results were disagreed with those of
Ewies et al., (1995 )and Abd El-Wahab et al., (2002) who found that abamectin caused a
decrease in ALT and AST activities in rats. In addition, Gomes et al., (1999) revealed marked
decrease in ALT and AST activities as a result of treatment with a mixture of

organophosphorous pesticides.

Oral administration of abamectin induced a significant decrease in the activities of
GST and SOD enzymes. The obtained results was in agreement with El-Shafey et al., (2011)
due to that GST involved in detoxification of abamectin to non-toxic products or by rapidly
binding and very slowly turning over the insecticide. Also, with El-Shenawy, (2010) who
reported decreased GST activities in rat liver following exposure to insecticides fenitrothion,
endosulfan and abamectin and the auther added that organophosphorous insecticides consume
GSH through a detoxification reaction and that GST catalyzes this reaction between GSH and
xenobiotic regulating possible harm (Mulder et al., 1990). The present results are coincident
with ElI-Demerdash,(2011) who reported that significant decrease in the antioxidant enzyme
activity (GST) in liver proved the failure of antioxidant defense system to overcome the influx
of reactive oxygen species generated. However, the inhibition of enzymes involved in free
radical removal led to the accumulation of H>O, which promoted lipid peroxidation, altered
gene expression and cell death (Halliwell and Gutteridge, 1999). The decline in the enzyme
activities may be due to an excessive formation of superoxide anions, thus resulting in an

inactivation of H,O; scavenging enzyme.
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Abamectin caused a significant increase in the NO levels. This finding agree with
(Hsu et al., 2001) where NO increased in rats orally given 1.5 to 20 mg\kg of ivermectin. On
the other hand, our findings disagree with (Zhang et al., 2009) where 2ug\ml and 4pg\ml of
ivermectin resulted in decrease in NO by 10% and 30% respectively at 24hr period in

lipopolysaccharide treated RAW 264.7 cell culture model.

In the present study, there was a significant decrease of the body weight gain of the
litter was recorded during lactation. The obtained results are agree with those of Medeiros et
al., (2008) who reported that the treatment of female rats with ivermectin at doses of (0.5, 1,
2, 4, 8 and 10 mg\kg) increases the incidence of the estrus phase. In addition, a definite
deleterious effect is exerted on nursing animals as revealed by reducing body weight gain of
the litters. Also, these results are agree with those of Wise et al.,(1997) who reported a
progressive decreases in preweaning average weights were observed in the high-dose group
(3.6 mg\kg of Emamectin benzoeate). Further studies using radiolabeled ivermectin indicated
that high drug concentrations in the milk of exposed dams led to high drug levels in the
plasma and brain of the offspring (relative to adult rats) and were probably responsible for the
observed toxicity (Lankas et al., 1989).

In relation to the study of Poul (1988), which assessed preweaning pup parameters in
rats following exposure to ivermectin during gestation and lactation, the results of this study
show that abamectin is less toxic to the fetuses. In the study with ivermectin, dose levels of 2
and 4 mg/kg/day resulted in significant mortality before weaning whereas mortality occurred

at abamectin dose levels up to 2 mg/kg/day administered during lactation.

The susceptibility of rabbit fetuses to the avermectins may be related to the levels of
P-glycoprotein as suggested by work in mice. The sensitivity of mice to ivermectin
neurotoxicity was shown to be due to the presence of a P-glycoprotein synthesized by the
multidrug resistance gene mdria (Schinkel et al., 1994). Mice homozygous for a disruption
of the mdrla gene have no physiological, anatomical, or histological abnormalities but are 50-
to 100-fold more sensitive to orally administered ivermectin than genetically matched mdria
(//1) mice. This increased sensitivity was correlated with a near absence of
immunohistochemically detectable P-glycoprotein in the brains of these mice (Schinkel et
al., 1994). More recently, our laboratory has shown that P-glycoprotein in brain capillary
endothelia and intestine of rats is nearly absent at birth and reaches mature levels at about 5
weeks of age (Lankas et al., 1996).
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