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ABSTRACT

The oral toxicity of both insecticides: the neonicotinoid Thiamethoxam (TMX)
and the avermectin Emamectin Benzoate (EB) was conducted daily in female rats
with doses of 25, 50, 100 mg/kg/body weight (bw) for TMX and 1.25, 2.5, 5 mg/kg bw
for EB for 90 successive days. Significant decrease in the body weight gain and food
consumption was observed at highest dose (100 mg/kg bw) of TMX and (5 mg/kg/ bw)
of EB and at necropsy the relative body weights of liver and kidney was also
significantly increased at this dose level. There were no significant changes in
hematological parameters for TMX, while the high dose of EB significantly decreased
in all the investigated hematological parameters. In clinical chemistry parameters a
significant increase (p < 0.05) was noted in serum AST, ALT, ALP and BUN in
animals exposed to 100 mg/kg bw dose of TMX and 5 mg/kg bw of EB. On the other
hand, at the same levels there was a dose-depended significant decrease in serum
total protein and albumin. Oral administration of TMX and EB to female rats for 90
days resulted in 16-30% and 15-26% inhibition of serum cholinesterase (ChE)
activity, respectively. Liver and kidney of rats exposed with high dose of TMX and EB
had showed mild pathological changes. Based on the hematological, biochemical and
histpathological studies it is evident that TMX and EB has not produced any significant
effects at 20 and 1.25 mg/kg bw doses respectively but induced toxicological effects
at 100 mg/kg bw for TMX and 5 mg/kg bw for EB to female rats. Hence, 25 mg/kg
bw/day for TMX and 1.25 mg/kg bw/day for EB dose may be considered as No
Observed Effect Level (NOEL) for female rats for both insecticides respectively.

INTRODUCTION

Thiamethoxam (TMX) is a synthetic organic insecticide included in
the class of neonicotinoids, the most important new class of insecticides
developed in the last three decades. Since their introduction onto the market
in 1991, neonicotinoids have been the fastest growing class of insecticides,
due to their expected moderate toxicity to mammals and their advantage in
combating insects that are resistant to other pesticide classes (Bingham et
al., 2008). The annual sales of this class of chemicals reach nearly a billion
dollars, corresponding to 11-15% of the total insecticide market (Tomizawa
and Casida, 2003). Thiamethoxam uses for control of aphids, whitefly, thrips,
ricehoppers, ricebugs, mealybugs and some lepidopterous species
(Maienfisch, et al., 2001). Major crops for foliar and soil treatments are leafy
and fruity vegetables, potatoes, rice, cotton, deciduous fruit, citrus, tobacco
and soya beans; for seed treatment use, maize, sorghum, cereals, sugar
beet, oilseed rape, cotton, peas, beans, sunflowers, rice and potatoes. The
insecticidal activity of neonicotinoids is primarily attributed to their action on
nicotinic acetylcholine receptors (nNAChRs) (Karlin, 2002; Tomizawa and
Casida, 2005). Neonicotinoid acute toxicity is ascribed primarily to their action
as nicotinic agonists, acting on insect and mammal nAChRs (Tomizawa and
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Casida, 2003) and the toxicity induced by these substances is considered to
be centrally mediated because the symptoms of poisoning are similar to
those of nicotine (Tomizawa and Casida, 2005). Rodrigueset et al., (2010)
studied the effect of three different concentrations (25, 50 or 100 mg/kg/body
weight) on rats after treatment for 7 consecutive days. They found that
thiamethoxam induced an increase in the anxiety behavior at the two doses
of 50 or 100 mg/kg bw of rats. Moreover, there was a significant decrease of
acetylcholinesterase activity.

Emamectin benzoate (EB) is the 4"-deoxy- 4"-epi-methyl-amino
benzoate salt of avermectin B, (abamectin), which is similar structurally to
natural fermentation products of soil actinomycete, Streptomyces avermitlis.
Emamectin benzoate is currently being developed for control of lepidopterous
pests on a variety of vegetable crops worldwide with a very low application
(Jansson and Dybas 1998). It is also extremely effective for treating and
controlling sea lice infestations on Atlantic salmon, Salmo solar L (Armstrong
R. 2000). The mechanism of action involves the blocking of y-amino butyric
acid-stimulated (GABA) chloride channels and open non-neurotransmitter-
gated chloride channels (Martin, et al., 2002.), causing an ion imbalance in
the nervous system, resulting in paralysis and death. In 1997, Wise et al.
conducted laboratory tests on pregnant female Sprague-Dawley rats which
orally gavaged EB once daily. The results demonstrated that the high-dose of
emamectin benzoate (3.5/2.5 mg/kg bw) exposure during gestation and
lactation to rats produced evidence of neurotoxicity in the F1 off spring and
the calculated No Observed Effect Level (NOEL) for developmental
neurotoxicity of EB was determined to be 0.6 mg/kg bw/day. At the same
time, groups of rats (20/sex/dose) were given emamectin (as hydrochloride
salt) at 0, 0.5, 2.5 or 12.5/8/5 mg/kg bw/day in thelr diet for 14 weeks. The
highest dose was reduced to 8 mg/kg bw/day at 3 4 week, and subsequently
to 5 mg/kg bw/day at 9 © " week. Significant reductions in body weight and
food consumption were observed in animals receiving 12.5/8/5 mg/kg
bw/day. Decreased serum glucose concentration and a slight increase in
blood urea nitrogen were detected at all sampling times following treatment
with  12.5/8/5 mg/kg bw/day. Neuronal cytoplasmic vacuolation and
degeneration were also noted. The NOEL was 2.5 mg/kg bw/day on the basis
of neurotoxicity, weight loss, and decreased food consumption in rats
received high doses (JECFA, 1998).

Thiamethoxam and emamectin benzoate insecticides are currently
used in great amounts in Egypt and abroad, but this can rise a problem when
the possible risks of occupational and environmental contamination are taken
into account. Since TMX and EB is now being considered to replace other
existing pesticides, therefore the relative risk and benefits of this insecticide
must be compared to the existing pesticide. Although the data about the
action of TMX on nAChRs and EB on GABA receptors in insects are clear,
there are a few works that demonstrate possible in vivo effects of both
pesticides on the mammalian biological system. For these reasons, the
present study has been carried out to evaluate 90 days oral toxicity of TMX
and EB on female rats by studying hematological, biochemical and
histopathological parameters.
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MATERIALS AND METHODS

Chemicals

Thiamethoxam technical 97% pure, 3-(2-chloro-thiazol-5-ylmethyl)-5-
methyl-[1,3,5] oxadiazinan-4-ylidene-N-nitroamine) [CAS No. 153719-23-4]
was obtained from Ciba-Geigy Switzerland.

Emamectin benzoate technical 98% pure is a mixture containing
90% of Bla(10E ,14E ,16 E,222)(1R,4S,5S,6S ,6'R,8R,12S ,13
S 20 R 21 R ,24 S )-6-[( S )- sec -butyl] -21,24-dihydroxy-5',11,13,22-
tetramethyl-2-oxo0-3,7,19-trioxatetracyclo  [15.6.1.14,8.020,24] pentacosa-
10,14,16,22-tetraene-6-spiro-2'-(5',6'-dihydro-2' H -pyran)-12-yl 2,6-dideoxy-
3- O- methyl-4- O-(2,4,6- trideoxy-3- O -methyl-4-methylamino-a-L-lyxo-
hexopyranosyl)- a-L- arabino -hexopyranoside benzoate and 10% of B1b (10
E,14E,16E,22Z)(1R,4S,5S,6S,6'R,8R,12S,13S,20R 21 R ,24
S)-21,24 - dihydroxy - 6’ - isopropyl-5',11,13,22—tetramethyl — 2 — oxo - 3,7,19
trioxatetracyclo [15.6.1.1 4,8 .0 20,24 ]pentacosa-10,14,16,22-tetraene-6-
spiro-2'-(5',6'-dihydro-2" H -pyran)-12-yl 2,6-dideoxy-3- O - methyl-4- O -
(2,4,6-trideoxy-3- O -methyl-4-methylamino-a-L- lyxo -hexopyranosyl)-a-L-
arabino -hexopyranoside benzoate (CAS No. 155569-91-8) obtained from
Merck Limited Company USA.

Animals
Female albino rats (Sprague-Dawely), Rattus norvegicus albinu s,
weighting 160-170 gm were purchased from the Agricultural Research
Center, Giza, Egypt. Rats were kept under the laboratory conditions of 20-25
°C and 12-h dark/light cycle for two weeks as an acclimatization period. They
were housed in special healthy standard cages and maintained on ad libitum
for water and a standard rat chow diet which contains 17% protein. Animal
experiments and housing procedures were performed in accordance to the
animal care rules and they were approved by the authorities of the University.
Experimental design
Thirty five female rats were randomly divided into seven groups as
the following;
Group (I): control group which was given daily saline as vehicle through
gavage.
Group (Il): the rats of this group were given daily saline containing 25
thiamethoxam mg/kg body weight.
Group (l1I): the rats of this group were treated daily with saline containing 50
thiamethoxam mg/kg body weight.
Group (IV): the rats in this group were administrated daily with saline
containing 100 thiamethoxam mg/kg body weight.
Group (V): the rats in this group were administrated daily with 1.25
emamectin benzoate mg/kg body weight in deionized water.
Group (VI): the rats in this group were administrated daily with 2.50
emamectin benzoate mg/kg body weight in deionized water.
Group (VII): the rats in this group were administrated daily with 5 emamectin
benzoate mg/kg body weight in deionized water.
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Body weight, food consumption and clinical signs of toxicity were
recorded through out the period of experiment. After the end of experiment
rats were necropsied and blood was divided into two portions. The first
portion was taken on 10% EDTA tubes (ethylenediaminetetraacetic acid) for
haematological examination. The second portion was left to clot at room
temperature for about 20 minutes and then centrifuged at 3000 r.p.m for 15
minutes; the supernated serum samples were drown in dry clean-capped
tubes and kept in deep freezer at —20 °C until conducting the biochemical
analysis.

Changes in hematological parameters

Blood collected in 10% EDTA was analyzed for red blood cells
(RBCs), white blood cells (WBCs) as described by Dacie and Lewis (1984)
and platelets count as described by Wu and Hoak (1974), while haemoglobin
concentration (Hb) was measured according to VanKampen and Zijlstra
(1961). Hematocrit value (HCT %) was determined by centrifuging blood in
heparinized microhematocrit tube (capillary tubes of 1mm internal diameter
and 7.5 cm length) for 5 minutes at 15,000 r.p.m (Dacie and Lewis, 1991).
Mean cell volume (MCV) was calculated from the following formula:

MCYV, (fl) = HCT% x 10/RBCs (M/mm°)

Changes in biochemical parameters

Liver function tests as aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were measured with colorimetric method (Reitman
and Frankel, 1957). Alkaline phosphatase (ALP) was measured
calorimetrically (Belfield and Golberg, 1971). Total protein, albumin, and
blood urea nitrogen (BUN) were measured according to the methods of
Gornal et al., (1949), Doumas et al., (1971) and Fawcett (1960) respectively.
Activity of cholinesterase (ChE) was calculated after 30, 60 and 90 seconds
in serum at 405 nm to follow the inhibition of the enzyme activity (Unit/l)
(Knedel and Bottger, 1967).

Changes in histopathological studies

Small pieces of liver and kidney of each animal of control and treated
groups were fixed in 10% formal saline solution for twenty four hours.
Washing was done using tap water then serial dilutions of absolute ethyl
alcohol were used for dehydration. After routine processing, paraffin bees
wax tissue blocks were prepared for sectioning at 4 microns thickness by
slidge microtome. The obtained tissue sections were collected on glass
slides, deparaffinized and stained by hematoxylin and eosin stain for
histopathological examination through the light microscope. (Lilie and
Fullmer, 1976).

Statistical Analysis:

Means of results were calculated among 5 replicates, with their
Standard Error (SE) for each group. Analysis of variance was used to make
statistical comparisons (ANOVA) with Dunnett's posthoc test. SPSS
computer program (SPSS, 1990) which was used to calculate the
significance between groups at the same experiment at 5% probability.
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RESULTS AND DISCUSSION:

Changes in body weight and food consumption:

Repeated oral administration of both thiamethoxam at 25 and 50
mg/kg bw day and emamectin benzoate at 1.25 and 2.50 mg/kg bw day did
not produce any signs of toxicity and mortality during 90 days exposure.
However, there was significant decrease in body weight gain of animals at
highest dose (100 mg/kg bw day) of TMX and (5 mg/kg bw day) of EB
comparing to control group (Table 1). There was no change in food
consumption of animals exposed to 25 and 50 mg/kg bw day of TMX and
1.25 and 2.50 mg/kg bw day of EB doses. However, there was significant
dose-dependent decrease in food consumption of rats exposed to (100 mg/kg
bw day) of TMX and (5 mg/kg bw day) of EB at 90 days as compared with the
untreated controls.

Table (1): Body weight gain (g) of female rats and food consumption in
female rats after oral administration of thiamethoxam and
emamectin benzoate for 90 days.

Initial Final Daily body | Daily food Feed
Groups weight weight weight gain | intake (g/ | efficiency
)] @ @) rat) mean (%)
Group |: control 16604211° | 27924354°% | 126¢007° 1278 | 998+039°

Group I: TMX25mgkgbw. | 16624209° | 2534+4.15°|  097+008° 1139 | 852018°
Group ll: TMX50mgkg bw. | 1662+4218° | 248442997 093+006™ 1117 | 83810257
Group V: TMX100mgkg bw. | 164442312 | 2204+198° | 071+003° 1024 | 719:017"
Group V:EB 125mgkgbw. | 16544262°%| 2500+4.11%| 1.05+008% 1177 893+0.32°
Group VI EB25mgkgbw. | 1666+271%| 250443557 |  1.042006% 1181 884+0.30°
GroupVIEBSmgkgbw. | 16464214%| 2330+215° |  077+004° 1041 | 742¢021°
Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates + standard error (S.E.).

Thiamethoxam was administered in 25, 50 or 100 mg/kg bw day
doses, which were below the Ilethal value. Repeated exposure to
thiamethoxam at the doses tested did not produces eizures, tremors weight
loss, or other types of apparent behavioral or physiological dysfunctions
(Rodrigues, et al. 2010). Green et al. (2005) stated that the mean body
weight of the treated mice with different concentrations of thiamethoxam was
consistently below control level at the 2500 and 5000 ppm dose levels (by 8%
at 2500 and by 14% at 5000 ppm at week 50). The results of Shipra et al.,
(2010) showed that 90 days oral exposure of high dose of the neonicotinoid
imidacloprid (20 mg/kg bw) to female rats has produced significant toxic
effects. There was significant decrease in the body weight of high dose
exposed rats together with reduced food consumption. The weight gain in
animals serves as index of growth rate (Palani et al., 1999). The reduced
food consumption of high dose exposed animals seems to be due to toxic
potential of the neonicotinoid.

A 14 week study in Sprague-Dawely rats designed to investigate the
neurotoxicity of emamectin benzoate. The rats administrated daily with EB at
doses 0.25, 1, 5 mg/kg body weight. Body weight gain and food consumption
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were significantly reduced at the high level dose of 5 mg/kg/day (European

Agency, 1999).

Changes in relative organ weights

The relative organ weights of vital organs of female rat are shown in
Table 2. The vital organs like brain and spleen did not illustrate any change in
their relative organ weights at any doses of both insecticides as compared to

control.

Table (2): Relative organ weight* (g%) data of female rats orally
administered TMX and EB for 90 days.

Groups Liver( %) |Kidney (%) | Brain (%) |Spleen(%)
weight weight weight weight

Group | : control 3.02+0.13° | 0.55+0.01% | 0.60+0.01% | 0.29+0.01°
Group IIl: TMX 25 mg/kg bw 3.26+0.15° | 0.54+0.02° | 0.58+0.01° | 0.28+0.01°%
Group lll: TMX 50 mg/kg bw 3.46+0.17® | 0.61+0.01* | 0.60+0.03* | 0.29+0.02°
Group IV: TMX 100 mg/kg bw 3.75+0.19° | 0.65+0.03® | 0.62+0.02% | 0.31+0.01°
Group V: EB 1.25 mg/kg bw 3.25+0.14° | 0.57+0.02°® | 0.59+0.02% | 0.29+0.01°
Group VI: EB 2.5 mg/kg bw 3.44+0.16® | 0.59+0.01°“ | 0.59+0.02% | 0.30+0.02°
Group VII: EB 5 mg/kg bw 3.68+0.21° | 0.63+0.02% | 0.61+0.02° | 0.32+0.01°

Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates * standard error (S.E.).
* Organ weight/body weight x 100.

However, relative weight of liver was significantly increased (p <
0.05) at dose (100 mg/kg bw day) for thiamethoxam and (5 mg/kg bw day) for
emamectin benzoate dose. The relative weight of kidney also was
significantly increased at higher dose (100 mg/kg bw day) of TMX and (5
mg/kg bw day) of EB level comparing with control group. This agreed with the
study of Shipra et al., (2010) where the neonicotinoid imidacloprid at a dose
of 20 mg/kg bw significantly increased the relative weight of both liver and
kidney. The same results were observed by Green et al., (2005) who, proved
that the mean relative liver weight of treated mice with TMX was increased at
2500 ppm and at 5000 ppm in different weeks when compared with control
group. Eissa and Zidan (2009) indicated that administration of abamectin at
both dose levels (1/10 and 1/100 of LDs) resulted in a significant increase in
the relative weight of treated male rat's liver and kidney in comparison with
that of control group rats. Liver enlargement could be due to the accumulation
of abnormal amounts of fat, predominately triglyceride, in the parenchymal
cells. Triglyceride accumulation is a result of an imbalance between the rate
of synthesis and the rate of release of triglyceride by the parenchymal cells
into the systemic circulation (Plaa, 1980).
Changes in hematological parameters

Data in Table 3 revealed that no significant changes were observed
in RBCs, WBCs, Hb, MCV, HCT and platelets of the treated animals with
thiamethoxam (25, 50, 100 mg/kg bw) for 90 days as compared to controls.
The obtained results are in agreement with those found by Shipra et al.,
(2010) who stated that the neonicotinoid imidacloprid at different doses didn’t
show any significant effect on the hematological parameters of treated rats
compared with non-treated ones.
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Table (3): Hematology data of female rats orally administered with
different doses of thiamethoxam and emamectin benzoate

for 90 days.
RBCs WBCs Platelets
Groups Mimm?) | (m/mm?) Hb (g/dl) | HCT (%) | MCV (fl) (m/mm?)
Group L:control 7384073 | 4654051° | 1448+110° | 3788+163° | 5060+181 | 980+235"

Group IETMX25mghkg bw 7264075" | 4544042° | 1426+115° | 3726:218" | 5158291 | 965:202°
Group IETMX50mgkgbw | 7.16+4057° | 4414036* | 1406+097° | 3716:207% | 51814243 | 950+195°
Group V: TMX100mgkghbw | 695:069° | 425:043° | 1385:0897 | 36951230 | 52124282 | MG+25
Group V: EB 1.25mgkg bw 685074 | 4244037° | 1395+084° | 3725+154° | 54504311 | 955+187°
GroupV:EB25mgkgbw | 65440662 | 407+047% | 1344096 | 3644+216” | 5554307 | 930+165°
Group Ml EB 5mgkg bw 618t041° | 363:024° | 1308:071° | 3568+191° | 57614262 | 910+158"
Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates + standard error (S.E.).

Present data showed that daily oral administration of female rats with
emamectin benzoate with high dose (5 mg/kg/ bw) for 13 weeks significantly
decreased in dose-dependent way all the investigated hematological
parameters: RBCs, WBCs, Hb, MCV, HCT and platelets. The aforementioned
findings are in coincidence with those reported by Eissa and Zidan (2009)
who proved that the high dose of abamectin (1/10 LDsg) caused significant
reduction in erythrocyte counts (RBCs), leukocyte counts (WBCs) and
hemoglobin concentration of treated rats. A significantly reduced amount of
white blood cells could be indicative of immuno-suppression (Schroder et al.,
2007). The reduction in erythrocyte counts and consequently hemoglobin
concentration may be attributed to more than one factor, i.e. the failure to
supply the blood circulation with cells from hemohepatic tissues, since the
liver has an important role in the regeneration of erythrocyte and the possible
destructive effect on erythrocyte by the toxicants.

Changes in Biochemical parameters:

Serum biochemical parameters such as AST (GOT), ALT (GPT) and
ALP were not significantly changed in female rats orally administrated with
TMX at doses of 25 and 50 mg/kg bw day and EB at doses of 1.25 and 2, 5
mg/kg bw day as compared to control. However, a significant increase (p <
0.05) was noted in serum AST, ALT and ALP in animals exposed to 100
mg/kg bw dose of TMX and 5 mg/kg bw of EB comparing with untreated
control groups (Table 4).

These results are in agreement with those of Green et al., (2005),
who indicated that the median aspartate aminotransferase activity was
increased in mice treated with thiamethioxam in diet at doses 2500 and 5000
ppm comparing to control. Alanine aminotransferase increased in a similar
manner, while alkaline phosphatase activity was not affected by this
treatment. Similar results were observed by Shipra et al., (2010), who stated
that liver function like AST and ALT were significantly increased in female
rats orally administrated daily with the neonicotinoid imidacloprid at high
dose 20 mg/kg bw for 13 weeks. The aforementioned results are in
agreement with those reported by Hsu et al., (2001) who reported that AST
was elevated in abamectin-dosed rats in a dose-dependent manner. The
elevation of AST activity, a cytosolic enzyme of the hepatocytes, reflects the
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increase of plasma membrane permeability resulting from the damage of
hepatocytes (Plaa and Hewitt, 1982) and this is parameter of liver damage
(Klaassen and Eaton, 1991). The alteration in serum levels of alanine amino
transferase (ALT) may be indication of internal organs damage especially in
liver (Kaneko et al., 1997).

Table (4): Changes in serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) of
female rats orally administered with TMX and EB for 90
successive days.

Groups AST (UIL) ALT (U/L) ALP (IU/L)
Group | : control 29.79+1.33° | 21.78+1.13° 117.64+3.01°¢
Group IIl: TMX 25 mg/kg bw 34.19+1.84° | 22.61+1.15° 132.30+4.22°
Group IIl: TMX 50 mg/kg bw 50.05+2.77° | 26.26+1.17° | 156.17+5.23%
Group IV:TMX 100 mg/kg bw 69.83+2.25% | 37.33+2.19" | 170.33+552%
Group V: EB 1.25 mg/kg bw 35.50+1.54¢ | 2581+1.16° 118.18+3.81°¢
Group VI: EB 2.5 mg/kg bw 54.02+2.10° | 33.36+2.18™ | 147.06+4.58"™
Group VII: EB 5 mg/kg bw 76.51+3.01% | 48.78+2.21% | 193.38+559°

Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates + standard error (S.E.).

Data shown in Table 5 indicated dose-depended significant decrease
in serum total protein and albumin of female rats orally administrated at high
doses with both insecticide, thiamethoxam (100 mg/kg/ bw) and emamectin
benzoate (5 mg/kg/ bw). At the same time, there are no significant changes in
the level of globulin and albumin/globulin ratio in serum of treated rats at all
doses as compared with non-treated rats. Total protein, albumin, globulin,
A/G ratio, were not significantly changed in animals exposed to 5 and 10
mg/kg bw day doses of the neonicotinoid imidacloprid as compared to
controls. (Shipra et al., 2010). Avermectin intoxication caused significant
inhibition in the levels of total protein and albumin (Abdel El-Hamid and
Refaie 2009). A decreased value of total protein may reflect liver or kidney
disease (Sharpe et al., 1996). Hypoalbuminemia (decreased albumin) is a
liver disorder thought to be a consequence of decreased hepatic synthesis of
albumin (Burtis et al., 1994).

Table (5): changes in concentration of total protein, albumin, glublin
and blood urea nitrogen (BUN) in serum of female albino
rats administrated with TMX and EB for 90 successive days.

Groups Total Albumin | Globulin Albumin/ BUN

protein (g/dl) | (g/dl) (g/dl) globulin ratio| (mg/dl)
Group: control 707+061° 5314043° | 175:011° 301:022° 1141+109°
Group I: TMX 25 mghkg bw 6330557 | 484037 | 15:000° 3174042 12634115
Group IlI: TMX 50mghkg bw 604062% | 45:028% | 1424013 3231031° 1438+108°
Group V: TMX 100mghkg bw 5414049 4194039° | 128:012° 3204029 2048+150°
Group V: EB 1.25mgkg bw 650:080° | 489043 | 160+008° 304043 12.754099°
Group VI EB 25mgkg/bw 616:062% | 4624055® | 1574007 296028" 14594113
Group I EB 5mghkg bw 5424055° | 410:025° | 1354012 304035 2386+1.39°

Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates + standard error (S.E.).
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On the other hand, oral administration of female rats with high dose
of TMX (100 mg/kg/d) and EB (5 mg/kg/ bw) for 90 days significantly (p <
0.05) increased serum blood urea nitrogen (BUN) when compared with
control group. Elevation of urea concentration in serum of treated female
albino rats may be attributed to reduction in glomerular filtration in the kidney
and also reflect dysfunction of the kidney tubules (Walmsley and White,
1994).

Changes in cholinesterase activity:

Oral administration of TMX (25, 50, 100 mg/kg/ bw) and EB (1.25,
2.50, 5 mg/kg/ bw) to female rats for 90 days resulted in 16—30% and 15—
26% inhibition of serum cholinesterase (ChE) activity, respectively. The
inhibition of serum cholinesterase was dose-dependent but inhibition was not
significant at low dose of both insecticides (20 mg/kg/d for TMX and 1.25
mg/kg bw for EB). However, significant ChE inhibition was observed at both
medium and high doses (50, 100 mg/kg/ bw for TMX and 2.50, 5 mg/kg/ bw
for EB) (Table 6).

Although, the results demonstrated a decrease in ChE activity
induced by thiamethoxam but they do not provide any information as to
whether this is due to a direct action of this insecticide on ChE or an indirect
effect through an action on nAChRs. However, it is likely that the decrease in
enzyme activity reflects a secondary response of the neurons to the
insecticide: the thiamethoxam could be acting on the rat central nAChRs,
producing an imbalance in the pattern of cholinergic neurotransmission; in
this case, the cell would seek compensatory mechanisms, e.g. changes in
ChE activity in order to reestablish its normal activity. Another possibility for
these findings is that thiamethoxam, besides acting on nAChRs, acts also as
a direct inhibitor of AChE in a similar manner to that of carbamate
insecticides (Lockhart et al., 2001; Tomizawa and Casida, 2005) and other
cholinesterase drugs that act as nAChR and AChE inhibitors.

Table (6): Cholinesterase (ChE) concentration in serum of female rats
orally administered with TMX and EB for 90 days.

Groups (ChE) (U/L) % of reduction

Group | : control 1358+40.18% 0

Group Il: TMX 25 mg/kg bw 1136+38.25 % 16.34
Group lll: TMX 50 mg/kg bw 1063+52.72 " 21.79
Group IV: TMX 100 mg/kg bw 946+29.29° 30.33
Group V: EB 1.25 mg/kg bw 1152+39.58 % 15.15
Group VI: EB 2.5 mg/kg bw 1086+42.12 " 20.02
Group VII: EB 5 mg/kg bw 1002+30.19 ™ 26.21

Values across each column having the same superscript letter were not significantly
different (p < 0.05). Values are mean s of five replicates * standard error (S.E.).

Changes of liver and Kidney Histopathological Examination:
Microscopically, liver section of rat from control showed the normal
hepatocytes (zigzag arrow), central vein (thin arrow), blood sinusoid with
congested blood and congested blood in the central vein (thick arrow) (Fig.1
control). Meanwhile, liver of rat from group Il (TMX 25 mg/kg bw) showed
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hepatocytes with homogenous cytoplasm, central vein (thick arrow), central
vein (thin arrows). However, liver of rat from group IV (oral administrated with
100 mg/kg bw TMX) showed congested blood (thick arrow), little number of
kuppfer cells and red blood cells appeared in the liver sinusoids infiltration of
white blood cells (thin arrows) (Fig 1 TMX 100 mg/kg).

- ‘,& : v Hi@s g ' ‘;,; by
rE-B1.25mgIkg 20 0" i YAt N
Figure (1): A photomicrograph of the liver sections of the control and
oral administrated with both TMX (25 and 100 mg/kg) and EB
(1.25 and 5 mg/kg) rats. (H&E, x 100).
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On the other hand, there is no histological changes were noticed in
liver of rat from group V where, Fig. 1 EB 1.25 mg/kg showed hepatocytes
with homogenous cytoplasm, congested central vein ( thick arrows), normal
liver cell (thin arrows) and vaculation (zigzag arrow). Liver of rat from group
VIl (gavaged with EB 5 mg/kg) showed necrosis (thin arrow), vaculation (thick
arrow) and kuppfer cell (zigzag arrow) (Fig. 1 EB 5 mg/kg). These results
were in accordance with National Registration Authority. (2001) which
revealed that in mice and rats treated with different doses of thiamethoxam,
histological changes were seen in the liver which included increased cell size
(hypertrophy); lymphocyte infiltration; liver cell death (necrosis) or
pigmentation at or above 100 ppm in male mice, at or above 2500 ppm in
female mice and in rats. At the same time Eissa and Zidan (2009) proved that
Portal tract infiltration by lymphocytes and a focus of dysplasia with
cytological atypia were observed in abamectin treated male rat's liver. Many
reports had elucidated that hepatocellular damage could be correlated with
the disturbed enzymes activities. In this respect, liver tissues which were
famous for their rich contents of aminotransferases (AST & ALT) suffer
markedly from their loss under many pathological conditions (Rodwell, 1983).
Thus, the biochemical parameters data obtained from this investigation
support this speculation in which TMX and EB-treated rats showed alteration
in the activities o f aminotransferases (AST & ALT).

Microscopically, examination of kidneys of rat from control, untreated
group illustrated the normal appearance of the glomerulus (thick arrow),
dilatation of renal tubules (zigzag arrow), vacuolation and hemorrhage (thin
arrows) (Fig. 2 control). However, kidneys of rat from TMX 25 mg/kg bw
showed normal appearance of the glomerulus (thin arrow), dilatation of renal
tubules (thick arrow).

Kidneys of rats orally administrated with thiamethoxam 100 mg/kg bw
showed renal tubules with homogenous cytoplasm in glomerulus (zigzag
arrow), highly vacuolation and hemorrhage (thick arrow) and damaged cells
(thin arrow) (Fig.2 TMX 100 mg/kg). No histopathological changes were
observed in kidneys of group V where, fig. 2 EB 1.25 mg/kg showed
glomerulus (zigzag arrow) and damaged area (thin arrow). Meanwhile,
sections from group gavaged with EB at dose 5 mg/kg bw daily for 13 weeks
showed abnormal glomerulus with exception hemorrhage (zigzag arrow), and
congested blood vessel (thin arrow) (fig.2 EB 5 mg/kg). The same was
achieved by National Registration Authority. (2001),which indicated that in
male rats at 250 ppm treated thiamethoxam and above, hyaline change
(glassy appearance) of kidney cells (renal tubular epithelium) was associated
with acute or chronic tubular lesions. Eissa and Zidan (2009) concerning the
kidney, Vertimec (abamectin as active ingredient) at 1/10 and 1/100 of LDs
doses levels induced interstitial nephritis in male rat's Kidney.
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Figure (2): A photomicrograph of the kidney ctions of the cntrol and
oral administrated with both TMX (25 and 100 mg/kg) and EB
(1.25 and 5 mg/kg) rats. (H&E, x 100).

Conclusion:

The data of the present study has indicated that both thiamethoxam
and emamectin benzoate have induced toxicological effects on female rats at
100 mg/kg/day and 5 mg/kg bw/day dose level respectively when exposed for
a period of 90 days. However, 50 and 25 mg/kg bw/day for thiamethoxam
and 2.5, 1.25 mg/kg/ bw /day for emamectin benzoate doses have caused no
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adverse effects. Thus, on the basis of parameters such as development of
signs of intoxication and mortality, organ body weight ratio, hematology,
enzymatic changes and histopathologiacl examination of experimental rats.
It may be suggested that 20 mg/kg/day for thiamethoxam and 1.25 mg/kg
bw/day for emamectin benzoate produced no desinerable effects, therefore
these doses may be considered as No Observed Effect Level (NOEL) for
both insecticides to female rats.
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