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INTRODUCTION
Neonicotinoids represent a novel class of synthetic insecticides 

that have quickly become the most broad-spectrum class of insecticides 
used recently in the world because their exclusive chemical, physical 
and biological properties presume moderate toxicity to mammals, 
low application of fi eld rates, excellent uptake and translocation in 
plants [1]. Within the last two decades of their commercialization, 
neonicotinoids have rapidly replaced the conventional insecticides, 
i.e. carbamate and organophosphate pesticides as a solution to human 
toxicity concerns and development of insect resistance from these 
older pesticide classes. It is known that the toxicity of neonicotinoids 
is attributed to its action on nicotinic Acetylcholine Receptors 
(nAChRs), particularly the α4β2 subtype, which are members of a 
ligand-gated ion channels-superfamily causing quick excitatory-
cholinergic neurotransmission [2,3]. Neonicotinoids act as agonists 
of the postsynaptic insect-nAChRs that show signifi cantly higher 
affi  nity binding in insect-nAChRs than in mammalian-nAChRs [4]. 
Th erefore, the neonicotinoids are presently used in great amounts, 
but this can be a problem when the possible risks of occupational 
and environmental pollution are fi gured. Th ough the data about the 
mechanism of neonicotinoids on insect-nAChRs are just clear, there 
are a scarce works that establish possible In vivo eff ects of this class 
of insecticides on the mammalian biological system [5]. For example, 
Rodrigues, et al. [6] revealed that TMX might induce adverse eff ects 
at the cholinergic system of rats, producing some behavioural and 
biochemical alterations. 

Th iamethoxam (TMX), (EZ)-3-(2-chloro-1,3-thiazol-5-
ylmethyl)-5-methyl-1,3,5 oxadiazinan-4-ylidene (nitro) amine 
(IUPAC), TMX is the fi rst  available commercial  compound 
(ACTARA®) that belongs to second-generation of neonicotinoids from 
the thianicotinyl subclass.  TMX has excellent insecticidal activity 
properties and commonly used against a wide range of economically 
important pests [7,8]. 

A majority of subacute and/or subchronic toxicity studies focused 
on another neonicotinoid, imidacloprid [9-11], while a little work has 
been done to study the TMX-induced toxicity in mammals. However, 
in recent years, more concern about the possible adverse eff ects, 
involving behavioral, biochemical and histopathological alterations, 
which occurred due to direct or indirect exposure to sublethal-doses 

of TMX have been investigated by scientists. An oral administration 
of TMX in mice was found to reduce the level of plasma cholesterol, 
an earlier biomarker of liver dysfunction, which probably associated 
to the later histopathological changes, and eventually increased cell 
proliferation, cell death and tumor formation [12,13]. More recently, 
oral administration of sublethal doses of TMX in albino mice via 
subchronic toxicity study, for 6 weeks, altered some biochemical 
markers which correlated with histopathological symptoms in the 
kidney, liver, and brain [14]. Th e administration of rats to TMX 
induced signifi cant elevations in most biomarkers associated with 
liver- and kidney-functions, i.e. AST (Aspartate Aminotransferase) 
and ALT (Alanine Amino-Transferase), ALP (Alkaline Phosphatase), 
glucose, urea, creatinine, and Lactate Dehydrogenase (LDH) [14-16]. 
Likewise, treatment of albino rats with neonicotinoid, imidacloprid, 
increased hepatic Lipid Peroxidation (LPO) which went together with 
a remarked reduction in the levels of enzymatic antioxidants [17].

 Oxidative stress has been an important issue in mammalian 
toxicity [18] in which neonicotinoid insecticides may be involved 
directly in this process [19-21]. Oxidative stress as defi ned by Almroth, 
et al. [22] refers to an imbalance in pro-oxidants and antioxidants 
within an organism which probably lead to damage. Exposure to 
pesticides lead to production of Reactive Oxygen Species (ROS) which 
include free radicals with unpaired-electrons, e,g, Hydroxyl Radical 
(•  OH), Superoxide Anion (O2

•−), as well as non-radical molecules, 
Singlet Oxygen (1 O2) and Hydrogen Peroxide (H2O2). Th e existence 
of such unpaired electrons makes the molecule highly reactive [23]. 
Free radicals are normally neutralized by antioxidants, however, 
exposure to pesticides causes imbalance between the free radicals 
and antioxidants which lead to disturbance of cellular pathways by 
inhibiting various enzymes or/and receptors, and inducing oxidative 
DNA damage, causing oxidative stress [23]. Th e formation of ROS-
Malondialdehyde (MDA) subsequent oxidation of polyunsaturated-
fatty acids of cell membranes is considered as another marker of 
oxidative stress [24]. Signifi cant increases in levels of MDA and nitric 
oxide in plasma of albino mice exposed orally to 1/10 LD50 of either 
TMX or acetamiprid were found to be corelated with decreases in 
activities of the enzymatic antioxidants [25]. Th e levels of MDA and 
superoxide anion radical in kidney tissues of male rats exposed to 
sublethal doses of TMX were signifi cantly higher than the control 
indicating an oxidative damage [20]. Likewise, sublethal exposure 
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of Wistar albino rats to imidacloprid resulted in oxidative damage 
which might be due to the disturbance in cellular oxidative stress as 
evidenced by increasing level of LPO, decreasing activities of GPX 
(Glutathione-Peroxidase), SOD (Superoxide Dismutase) and levels 
of reduced Glutathione (GSH), cytoplasmic and membrane proteins 
as well as histopathological changes in liver tissues [21]. 

 It has been known that histopathological symptoms in tissues of 
an organism can be used as a rapid method to estimate the toxic eff ects 
of chemicals including pesticides in tissues of diff erent organs [26]. 
However, studies on the histological alterations probably induced 
in mammals in response to exposure to TMX are still relatively rare. 
However, there are some researchers have focused mainly on study 
of histological alterations induced in response to sublethal exposure 
of other neonicotinoids. Among these studies, the hepatotoxicity was 
reported in albino rats exposed to sublethal doses of imidacloprid, 
including dilation and congestion of the central vein and degeneration 
of hepatocytes which were in rather correlated to an increase of liver-
function enzymes [21,27,28]. Histological alterations were found in 
liver tissue of albino rats administered to TMX, including mild focal 
necrosis with swollen cellular nuclei and cytoplasmic lesions [14]. 
Also, oral exposure of albino rats to sublethal doses of TMX resulted 
in marked damage in kidney tissues [2 0].

On the other hand, more attentions have been focused on 
the protective/ameliorative role of natural antioxidants against 
chemicals-induced neurotoxicity especially whenever free radical 
generations are involved. It’s known that Selenium (Se) has been 
widely recognized as an essential trace dietary element for animals 
acting as an important antioxidant [29,30]. Dietary administration of 
selenium to albino rats prior to exposure to methyl-parathion for 8 
weeks improved the histological lesion in testicular tissues induced by 
methyl-parathion [31]. In addition, non-enzymatic antioxidants like 
Vitamin E (Vit E), vitamin C and glutathione act upon the generated 
free-radicals. Vitamin E is considered the most signifi cant lipid-
soluble antioxidant existed in the cell antioxidant-defense system. 
α-Tocopherol is biologically the most active form of vitamin E and 
the major lipid-soluble antioxidant present in cells and blood [32], 
where it scavenges Lipid Peroxyl Radicals (LOO˙) and terminates 
the Lipid Peroxidation (LPO) chain reactions in biological systems. 
Several experimental studies have shown that vitamins E and C 
could ameliorate pesticide toxicity [33,34]. Th e protective role of 
selenium plus vitamin C was reported in albino rats administered 
sublethal doses of methomyl by reducing hepato-and nephrotoxicity 
[35]. Also, administration of selenium combined with α-tocopherol 
showed an ameliorative eff ect against malathion-induced renal and 
hepatic toxicity in albino rats [36]. 

Th erefore, in our present study, the ox idative stress, 
haematological, biochemical and histopathological biomarkers 
were investigated in albino mice exposed to sublethal doses of 
neonicotinoid, TMX, via oral subacute toxicity study. Additionally, 
the ameliorative eff ect of selenium combined with vitamin E on 
TMX-induced toxicity was determined. Th e results of such study may 
help in estimating the No-Observed-Adverse-Eff ects-Level (NOAEL) 
of TMX and establishing a biomarker to neonicotinoid toxicity

MATERIALS AND METHODS
Chemicals

Commercial product of thiamethoxam (TMX) (ACTARA®, 
25% WG) used in this study was purchased from the local market 

of pesticides, Shoura Chem. Co., Giza, Egypt. Th e chemicals used in 
biochemical analyses were of commercially available BioDiagnostic 
grade-kits, and purchased locally from Diagnostic & Research 
Reagents Co., Dokki, Giza, Egypt. Selenium was obtained from local 
veterinary pharmaceutical company (Movartis-Agro, Egypt), at which 
marketed commercially as Sodium Selenite (Na2SeO3) mixed with 
Vitamin E (α-tocopherol acetate) (100 + 7500 mg/L, respectively).

Experimental animals 

Th is study was conducted on adult male albino mice, 8-10 weeks 
of age, weighing 25-30 g purchased from the Egyptian Company for 
Veterinary Drugs and Vaccines (VACSERA), Helwan Farm, Egypt. 
Th e animals were maintained in a room under controlled conditions 
of temperature (26 ± 2°C), lighting (12-h day/night cycle), and 
humidity of 40-70%. During experiment, all mice had free access to 
water and fed daily on a commercial pelleted diet purchased from 
local company (Ayad Company, Sadat City, Egypt). Th e diet provides 
essential nutrients, with approximately 17.51% proteins, 5% fats, 62% 
carbohydrates, 3.3% calcium, and 0.48% phosphorus, to meet the 
requirements of breeding animals. Th e animals were acclimatized for 
two weeks in our lab, at Department of Pesticides, before using them for 
experimentation. Th e handling procedures of mice were conducted 
in strict conformation with the guidelines and welfare regarding 
animal protection approved by Local Institute Ethical Committee of 
our Institution (approval no. 1689/23 Aug 2018) and the European 
Communities Council Directive (2010/63/EU). 

Acute oral toxicity

Th e acute oral toxicity assay was performed based on the method 
described by the Organization for Economic Cooperation and 
Development (OECD) to determine LD50 (the median lethal dose) 
of TMX [37]. Oral gavage needle was used for administration of 
tested TMX doses in mice. Initially toxicity tests were carried out 
using series of TMX-doses diluted in distilled water to estimate the 
Maximum Tolerated Dose (MTD) in pilot dose range. Th e pilot study 
so called “up-and-down” procedure was followed as described by 
Bruce [38]. Th e test doses of TMX ranged from 250.0 to 1750.0 mg 
Active Ingredient (AI)/kg body weight (b.w.). Twenty-fi ve male mice, 
weighing 30 ± 2 g, were allocated into fi ve groups of fi ve animals each. 
Mice in each group were oral administered single dose via gavage 
needle. Animals in the control group were orally administered with 
only water. Th e percent mortality in each group was calculated aft er 
24 h. Values of LD50, 95% Confi dence Limits (CL) and Slope (b), were 
calculated by using Probit and Logit Analysis soft ware program (Polo 
Plus, ver. 2.0, 2008) based on Finney analysis [39]. Th e acute toxicity 
signs of TMX induced in response to exposure to chosen doses were 
observed in each group for the early 2-6 h following treatment.

Sub-acute toxicity study

For repeated dose toxicity study, selected sublethal doses of TMX 
were administered orally for 28 consecutive days in male mice as 
described by OECD technique for the testing of chemicals [40]. In this 
experiment, sixty adult male mice, weighing 30 ± 2 g, were randomly 
divided into six groups of 10 individuals in each polycarbonate cage 
(38 × 25 × 20 cm), under controlled conditions of temperature and 
photoperiod with free access to food and water as described above. 
Each group I, served as negative control where animals were given 
only distilled water. Th e animals in TMX-treated groups: II, III and 
IV, were given the selected sublethal doses of TMX, i.e. 30.0, 12.0 
and 6.0 mg AI/kg b.w. , corresponding to 1/20, 1/50 and 1/100 LD50, 
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respectively, diluted in water. Th e test doses were calculated from 
the percentage of active ingredients of the commercial formulation. 
Mice in Group V received Selenium (Se) + Vitamin E (Vit E), at 
doses of 0.3 + 50.0 mg/kg b.w, respectively. Mice in Group VI were 
administered with Se + Vit E, at the same dosages of group V, at fi rst, 
and 10 minutes later, the animals were given the higher dose of TMX 
(30.0 mg/kg b.w.). Th e animals in each group were treated once a day 
over a period of 28 consecutive days using oral gavage technique. 

Sample collection

At the end of experiment period, on the 29th day, animals from 
each group were weighed and sacrifi ced by cervical dislocation 
technique. Prior to sacrifi ce, blood was collected directly from their 
heart using heparinized hypodermic syringe for hematological 
analysis or/and without anticoagulant to obtain serum for 
biochemical analysis. Aft er sacrifi ce, liver, kidney, lung and testes 
were immediately removed, lightly blotted and weighed to record 
absolute and relative organ weight. Th e relative weight of organs (%) 
was calculated as grams per 100 grams body weight. Later on, these 
organs were used for histopathological evaluation.

Blood sample was collected in a test tube rinsed with heparin 
saline solution as anticoagulant, in the proportion of 50 μl for each 
1.0 mL of blood and used for the complete blood count. Whole blood 
was used for analyses of the total Red Blood Cell (RBC), Hemoglobin 
content (Hb), Hematocrit (HCT), total number of White Blood 
Cells (WBC) or Leukocytes, Lymphocyte Percentage (LYM), and 
Platelet (PLT) by employing a fully automated hematology analyzer 
(Swelab Alfa Hematology Analyzers, Boule Diagnostics AB, Spånga 
Domnarvsgatan 4, Sweden).

Biochemical parameters

Th e serum was used for the analyses of biochemical parameters. 
To collect the serum, blood samples were left  to clot in clean dry 
tubes and centrifuged at 1500 ×g for 10 min at 4° C to obtain the 
sera. Th e clear serum samples were carefully aspirated off  with a fi ne-
bore pipette to avoid extracting red cells and stored frozen at −20° 
C until using for biochemical analysis. All biochemical analyses were 
determined using commercial kits (Diagnostic & Research Reagents 
Co., Dokki, Giza, Egypt), and following standard procedures outlined 
by the producer. 

Serum transaminases (also called aminotransferases), i.e. 
Aspartate Aminotransferase (AST) and Alanine Aminotransferase 
(ALT), are commonly considered sensitive biomarkers of acute 
hepatocellular damage. Th e activities of both enzymes were 
determined colorimetrically (at 450 nm) according to the methods 
of Reitman and Frankel [41]. Diagnostically, the activities of these 
enzymes are almost measured in units/liter (IU/L). 

Serum cholesterol was determined by following the technique 
of by Roschlau, et al. [42].  Cholesterol assay is based on cholesterol 
esterase hydrolysis of cholesterol esters to form free cholesterol 
and cholesterol dehydrogenase catalyzed conversion of cholesterol 
to cholest-4-ene3-one, in which NAD is reduced to NADH. Th e 
Optical Density (OD) of the formed-NADH, at 340 nm, is directly 
proportionate to the concentration of cholesterol in the sample. Total 
serum cholesterol is expressed as mg/dL.

Creatinine test is most widely biomarker used to assess kidney 
function. Th e Henry method [43] was followed to determine the 
level of serum creatinine. Th e method was based on the reaction of 

creatinine with alkaline picrate. Th e assay utilizes a kinetic absorbance 
method to overcome interference by colored compounds in serum. In 
this method, creatinine reacts with picric acid in alkaline conditions 
to form a color complex which absorbs at 492 nm. Level of serum 
creatinine is expressed as mg/dL. 

Serum uric acid concentration was estimated by the method of 
Fossati, et al. [44]. Th is assay is based upon the methods of modifi ed 
trinder peroxidase assay using 3,5-Dichloro-2-Hydroxy-Benzene-
Sulforic Acid (DCHB). Th e assay was based on oxidation of uric acid 
into allantoin via uricase production of hydrogen peroxide which 
reacts with 4-amino-antipyrine and (DCHB) in the presence of 
peroxidase to yield a quinoneimine dye. Th e subchange in absorbance 
at 546 nm is proportional to uric acid concentration in the sample. 
Uric acid level is expressed as mg/dL.

Determination of oxidative damage biomarkers, i.e. lipid 
peroxidation and hydrogen peroxide, were performed according 
to the details given in BioDignostic kit’s instructions (Diagnostic 
& Research Reagents Co., Dokki, Egypt). Oxidative damage was 
estimated by measuring the degree of Lipid Peroxidation (LPO). Lipid 
peroxidation evidenced by formation of the Th iobarbituric Acid-
Reactive-Substances (TBARS). Th is assay Measures Malondialdehyde 
(MDA), which is a split product of an endoperoxide of unsaturated 
fatty acids resulting from oxidation of lipid substrates [45]. Th e MDA 
reacts with a Th iobarbituric Acid (TBA) producing a pink chromogen 
(TBARS), which is measured at 532-535 nm. MDA concentration was 
expressed as nmole/mL. 

Serum hydrogen peroxide concentration was estimated based on 
the technique described by Nourooz-Zadeh, et al. [46]. In brief, this 
assay utilizes the chromogenic Fe3+ -xylenol orange reaction, in which 
a purple complex is formed when Fe2+ is oxidized to Fe3+ by peroxides 
present in the sample, generating a colorimetric (585 nm) result, 
proportional to the level of peroxide present. Th e concentration of 
serum hydrogen peroxide was expressed as ng/mL. 

Determination of total non-enzymatic Antioxidants Capacity 
(TAC) were performed according to the details given in BioDignostic 
kit’s instructions (Diagnostic & Research Reagents Co., Dokki, Giza, 
Egypt). Th e method of Sies [47] was used to measure the concentration 
of TAC. Th is procedure is based on Cu2+ ion is converted to Cu+ by 
both small molecules and proteins. Th e reduced Cu+ ion is chelated 
with a colorimetric probe giving a broad absorbance peak at OD 570 
nm, proportional to the total antioxidant capacity. Concentration 
of antioxidant in sample was expressed as μmole/mL. All above 
biochemical analyses were conducted using UV-Spectrophotometer 
(Model: B01- CT-2200 Spectrophotometer, E-Chrom Tech Co., 
Taiwan).

Histopathological analysis

At the end of experimental period, small pieces of each liver, 
kidney, lung and testes were cut and kept in 10% natural formalin 
(pH 7.4) for fi xation for 24 h at 4° C. Tissues were washed overnight 
in running tap water, dehydrated in ascending grades of alcohol (70% 
to 100%) and cleared in benzene. Th e fi xed specimens were processed 
through the conventional paraffi  n embedding technique [48]. From 
the prepared paraffi  n blocks, 5 μm thick sections were cut, stained by 
Hematoxylin-Eosin (H & E), and visualized under light microscopy 
(Olympus) to examine the tissue architecture of the tested organs for 
any histopathological symptoms [48].
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Statistical analysis

Data are expressed as mean ± SD. Statistical analysis was 
performed by using One-Way Analysis of Variance (ANOVA) 
method followed by the Least Signifi cant Diff erence (LSD) test to 
compare means between the diff erent treatment groups. Diff erences 
were considered statistically signifi cant at p ≤ 0.05. All statistical 
analyses were made using Statistical Package for Social Sciences 
(SPSS) soft ware for windows, version 17.0, Chicago, SPSS Inc.

RESULTS
Acute toxicity and toxicity signs

Th e toxicity data of TMX showed that the LD50 value obtained 
aft er 24 h was 589.9 mg AI/kg body weight, with 95% Confi dence 
Limits (CL) = 215.0 - 696.7. Th e regression equation was: y = 
1.554+bx and the slope of regression line was 2.76. Th e early toxicity 
symptoms following acute exposure to TMX were observed within 
the fi rst 30 min. Th e time of peak eff ects for TMX ranged was 3-6 
h following administration by gavage. Th e most common symptoms 
were observed at the higher dose levels, 1666.6 and 1250.0 mg/kg b.w., 
including eye irritation, impaired pupillary function, and hair loss, 
convulsions, trembling, and reduced locomotor activity. However, 
the animals mostly recovered within 12-24 h of exposure.

Repeated dose 28-day sub-acute exposure

Body weight and internal organ weights: Th e data of animal body 
weights aft er 28-day repeated exposure showed that administration to 
the higher TMX-dose, 1/20 LD50, signifi cantly decreased (p <0.05) the 
fi nal weight of animal body compared to that of the control group, 
whereas the other selected doses, 1/50 and 1/100 LD50, did not cause 
signifi cant changes in the mean body weights (Table 1). However, 
the data showed signifi cant increases in the relative weights of liver 
and kidney in TMX-treated groups, as compared to these in the 
control group. It was obvious that the increase levels were in dose-
dependent manner. Interestingly, the data showed also that oral co-
administration of high dose of TMX together with Se+Vit E recovered 
the absolute and relative weights of liver and kidney to the normal 
levels in the control group (Table 1). However, the absolute and 
relative weights of both lung and tests were signifi cantly decreased 
in groups received TMX-1/20 and 1/50 LD50 doses in comparison 

with those in the control. Th e co-administration of high dose of TMX 
together with Se+ Vit E slightly improved the relative weights of lung 
and tests compared to the control group.

Hematological indices: Results of the hematological profi le in 
the male mice upon TMX-exposure for 28 days compared to that 
of the untreated control are given in table 2. Th e overall analysis of 
erythrocyte indices showed signifi cant decreases (p <0.05) in levels 
of Hemoglobin (HGB), Red Blood Cells (RBC), and Hematocrit 
(HCT) in groups exposed to the selected doses of TMX compared 
with control group (p < 0.05). It seems that the decrease levels were 
in dose-dependent manner. Remarkably, the data showed that oral 
co-administration of TMX together with Se+Vit E restored the levels 
of HGB, RBC and HCT nearly to normal levels in the negative control 
(Table 2). Th e data also showed signifi cant decreases (p < 0.05) in 
levels of Mean Cell Volume (MCV) and Mean Cell Hemoglobin 
(MCH) in all three groups exposed to sublethal doses of TMX, in a 
dose-dependent manner, compared to the control (Table 2). However, 
the co-administration of TMX together with Se+ Vit E recovered the 
levels of MCV and MCH nearly to the control levels. In addition, 
there was signifi cant decrease (p < 0.05) in the levels of White Blood 
Cells (WBC), Lymphocyte (LYM) and Platelet (PLT) levels especially 
in groups exposed to TMX-1/20 and 1/50 LD50 doses, in comparison 
with the negative control (Table 2). Th e data also demonstrated that 
co-administration of TMX with Se+Vit E showed benefi cial eff ect in 
recovering the levels of WBC, LYM and PLT nearly to these in the 
untreated control.

Biochemical parameters: Data of serum biochemical indices 
in mice exposed to TMX- sublethal doses for 4 weeks are shown in 
table 3. Th e results showed signifi cant increases (p < 0.05) in activities 
of liver enzymes, aspartate Aminotransferase (AST) and Alanine 
Aminotransferase (ALT), in all groups exposed to TMX-doses, as 
compared to these in the control group. Likewise, the cholesterol 
concentration was highly signifi cantly increased at 1/20 and 1/50 
LD50 doses of TMX. It was obvious that the increase levels were in 
dose-dependent manner. Th e data also showed that co-administration 
of high dose of TMX together with Se + Vit E exhibited slight 
improvement in the levels of ALT, AST and cholesterol, as compared 
to the TMX- group alone, however these biomarkers were still 
signifi cantly higher than those of the control group (Table 3). For the 

Table 1: Body weights, absolute and relative weights of selected organs from male albino mice orally administered to sublethal doses of Thiamethoxam (TMX), alone 
or in combination with selenium plus vitamin E, in 28 day-repeated dose exposure studya.

Treatmentsa

Body weight Absolute and relative weights (%) of selected organsb,c

Initial
(g ± SD)

Final
(g ± SD)

Liver
g ± SD

(Relative wt.)

Kidney
g ± SD

(Relative wt.)

Lung
g ± SD

(Relative wt.)

Testes
g ± SD

(Relative wt.)

Control 29.2 ± 1.91 30.8 ± 1.21a 1.70 ± 0.09
(5.52 ± 0.31)c

0.39 ± 0.02
(1.27 ± 0.21)d

0.49 ± 0.04
(1.60 ± 0.21)a

0.29 ± 0.04
(0.95 ± 0.07)ab

TMX
[1/20 LD50]

29.1 ± 2.42 27.5 ± 2.51b 1.66 ± 0.05
(6.04 ± 0.25)b

0.40 ± 0.05
(1.45 ± 0.22)c

0.25 ± 0.01
(0.91 ± 0.05)c

0.25 ± 0.03
(0.90 ± 0.04)c

TMX
[1/50 LD50]

28.6 ± 1.90 29.4 ± 1.92a 2.11 ± 0.02
(7.16 ± 0.57)a

0.48 ± 0.04
(1.63 ± 0.17)b

0.35 ± 0.01
(1.19 ± 0.08)b

0.23 ± 0.02
(0.78 ± 0.05)d

TMX
[1/100 LD50]

28.9 ± 2.06 29.3 ± 1.62a 1.88 ± 0.04
(6.42 ± 0.45)b

0.63 ± 0.05
(2.15 ± 0.09)a

0.47 ± 0.04
(1.60 ± 0.11)a

0.29 ± 0.03
(0.99 ± 0.07)a

Se + Vit E 28.1 ± 0.75 30.2 ± 1.14a 1.70 ± 0.07
(5.63 ± 0.42)c

0.40 ± 0.02
(1.32 ± 0.08)d

0.46 ± 0.011
(1.52 ± 0.08)a

0.28 ± 0.05
(0.92 ± 0.08)bc

TMX [1/20 LD50] + Se + 
Vit E

28.7 ± 1.89 30.4 ± 1.33a 1.70 ± 0.05
(5.60 ± 0.63)c

0.40 ± 0.02
(1.31 ± 0.11)d

0.39 ± 0.04
(1.28 ± 0.07)b

0.27 ± 0.02
(0.88 ± 0.04)c

aLD50 values, 1/20, 1/50 and 1/100 LD50, equal to 30.0, 12.0 and 6.0 mg/kg body weight, respectively. Doses of Se + Vit E were 0.3 +50.0 mg/kg b.w., respectively.
bValues represent means ± SD. Means followed by the same letter(s) are not signifi cantly diff erent at the p < 0.05 level (Least signifi cant diff erence test, LSD).
cValues between brackets represent relative weight of organs (%) calculated as grams per 100 grams of fi nal body weight.
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overall of kidney function indicators, creatinine levels in blood serum 
of animals exposed to selected doses of TMX were not signifi cantly 
changed than that of the control group. However, uric acid levels 
were signifi cantly increased at the higher doses, 1/20 and 1/50 LD50, 
compared to the control. Th e data also showed that co-administration 
of high dose of TMX with Se + Vit E exhibited protective eff ect by 
restoration of uric acid level to the negative control level (Table 3). 

For oxidative stress parameters, the data showed clearly that the 
level of lipid peroxidation, as indicated by Malondialdehyde (MDA) 
formation, was signifi cantly increased (p < 0.05) in mice administered 
high doses, 1/20 and 1/50 LD50, of TMX, compared to that of the 
control. Likewise, hydrogen peroxide, another important marker 
for the oxidative stress, was signifi cantly increased in the groups 
received high doses of TMX, 1/20 and 1/50 LD50, as compared to 
the negative control. Interestingly, the data clearly demonstrated that 
administration of high dose of TMX together with Se + Vit E restored 
hydrogen peroxide level nearly to the control level (Table 3). On the 
other hand, the total antioxidant level was signifi cantly decreased as a 
result of exposure to the high dose, 1/20 LD50, of TMX, whereas the 

other doses, 1/50 and 1/100 LD50, did not cause signifi cant change 
than that of the control. However, oral co-administration of TMX 
together with Se + Vit E somewhat exhibited ameliorative eff ect by 
increased total antioxidant level to be nearly that of the control level 
(Table 3).

Histopathological examination: Light microscopic examination 
of liver from the negative control mice showed regular and compact 
architecture with intact portal areas, central vein, blood sinusoids 
and well-organized hepatocytes (Figure 1A). Hepatic tissue of mice 
exposed to high dose (1/20 LD50) of TMX showed dilated congested 
central vein with congested blood sinusoid and high infi ltration of 
mononuclear cells. Moreover, cytoplasmic vacuolar degeneration 
in the hepatocytes and sinusoidal dilatation in the parenchyma 
were observed (Figure 1B). On the other hand, Liver tissues from 
mice exposed to oral co-administration of TMX + (Se + Vit E) 
showed nearly normal central vein surrounded with hepatocytes 
with vesicular nucleus, however, small vacuoles and few congested 
sinusoids were seen (Figure 1C). Histological examination of 
the kidney tissues from the control mice showed normal tissue 

Table 2: Eff ects of repeated dose 28-day oral administration of Thiamethoxam (TMX) either alone or in combination with Selenium (Se) plus Vitamin E (Vit E) on 
hematological parameters in adult male mice.

Treatmentsa

Hematological parametersb,c (mean ± SD)

HGB
(g/dL)

RBC
(×106 /mm3)

HCT
%

MCH
(pg)

MCHC
(g/dL)

MCV
(fL)

WBC
(×103 /mm3)

LYM
%

PLT
(×103 /mm)

Control
11.21
± 0.9a

7.61
± 1.42a

42.80
± 3.5a

17.90
± 0.9a

29.90
± 1.13ab

67.80
± 2.26a

7.33
± 0.91a

78.22
1 ± 0.28bc

718.0
± 9.8a

TMX
[1/20 LD50]

9.01
± 0.98b

5.51
± 0.72c

30.50
± 2.05b

15.61
± 0.77c

22.91
± 1.27c

52.52
± 3.8d

5.32
± 0.02c

71.22
± 3.53d

462.5
± 4.94e

TMX
[1/50 LD50]

9.20
± 0.49b

5.70
± 0.35c

31.11
± 0.28b

15.91
± 0.42bc

30.91
± 0.84a

55.71
± 1.48cd

5.83
± 2.19c

73.93
± 3.2d

481.1
± 29.6de

TMX
[1/100 LD50]

9.61
± 0.49b

6.11
± 0.07bc

32.91
± 0.63b

16.44
± 0.21b

28.02
± 1.13b

59.10
± 1.48bcd

6.03
± 2.68bc

81.51
± 4.24ab

529.5
± 71.4c

Se + Vit E
11.20

± 0.28a

7.38
± 0.31a

39.40
± 0.56a

17.60
± 0.14a

30.35
± 0.5b

61.51
± 3.53abc

7.15
± 0.07a

94.51
± 1.27cd

725.5
± 6.3a

TMX [1/20 LD50] + 
Se + Vit E

11.11
± 0.28a

6.77
± 0.09ab

39.60
± 0.28a

17.70
± 0.98a

30.80
± 0.42ab

63.31
± 1.41ab

6.95
± 0.35ab

84.75
± 0.50a

609.5
± 30.4b

aLD50 values, 1/20, 1/50 and 1/100 LD50, equal to 30.0, 12.0 and 6.0 mg/kg b.w., respectively. a LD50 values, 1/20, 1/50 and 1/100 LD50, equal to 30.0, 12.0 and 6.0 
mg/kg b.w., respectively. Doses of Se + Vit E were 0.3 +50.0 mg/kg b.w., respectively.
bValues represent means ± SD. Means followed by the same letter(s) are not signifi cantly diff erent at the p < 0.05 level (Least signifi cant diff erence test, LSD).cHGB 
(Hemoglobin), RBC (Red blood cell), HCT (Hematocrit), MCH (Hemoglobin amount per red blood cell), MCV (Average red blood cell size), MCHC (The amount of 
hemoglobin relative to the size of the cell (hemoglobin concentration) per red blood cell), WBC (White blood cell), LYM (Lymphocyte), PLT (Platelets).

Table 3:   Eff ects of repeated dose 28-day oral administration of Thiamethoxam (TMX) either alone or in combination with Selenium (Se) plus Vitamin E (Vit E) on 
some biochemical parameters related to liver and renal functions as well as oxidative stress biomarkers and total antioxidants in blood serum of adult male mice.

Treatmentsa

Selected serum biomarkersb

ALT
(IU/L)

AST
(IU/L)

Cholesterol
(mg/dL)

Creatinine
(mg/dL)

Uric Acid
(mg/dL)

MDA
(nmole/mL)

Hydrogen 
peroxide
(ng/mL)

Total antioxidants
(μmole/mL)

Control 57.5 ± 14.14d 354.5 ± 34.6c 72.2 ± 4.24de 0.58 ± 0.11a 2.90 ± 0.28b 5.50 ± 0.25d 0.198 ± 0.02e 0.351 ± 0.05b

TMX
[1/20 LD50]

86.2 ± 5.65a 439.2 ± 57.89a 125.2 ± 8.48a 0.61 ± 0.03a 4.52 ± 0.28a 8.72 ± 0.07a 0.626 ± 0.01b 0.292 ± 0.10c

TMX
[1/50 LD50]

78.2 ± 2.82b 406.1 ± 19.7b 85.0 ± 5.65bc 0.57 ± 0.09a 4.41 ± 0.35a 6.71 ± 0.04b 0.462 ± 0.02c 0.335 ± 0.09bc

TMX
[1/100 LD50]

69.0 ± 11.31c 396.0 ± 26.8b 74.5 ± 3.53cd 0.55 ± 0.02a 3.05 ± 0.49b 6.12 ± 0.01bc 0.392 ± 0.02d 0.344 ± 0.04bc

Se + Vit E 52.2 ± 4.24d 389.2 ± 24.1b 63.6 ± 4.24e 0.59 ± 0.01a 2.84 ± 0.70b 6.13 ± 0.02bc 0.194 ± 0.17e 0.360 ± 0.d07ab

TMX [1/20 LD50] + 
Se + Vit E

69.5 ± 4.94c 307.7 ± 59.3d 79.0 ± 8.3cd 0.55 ± 0.14a 3.15 ± 3.25b 5.35 ± 0.05d 0.177 ± 0.02f 0.419 ± 0.08a

aLD50 values, 1/20, 1/50 and 1/100 LD50, equal to 30.0, 12.0 and 6.0 mg/kg body weight, respectively. a LD50 values, 1/20, 1/50 and 1/100 LD50, equal to 30.0, 12.0 
and 6.0 mg/kg b.w., respectively. Doses of Se + Vit E were 0.3 + 50.0 mg/kg b.w., respectively.
bValues represent means ± SD. Means followed by the same letter(s) are not signifi cantly diff erent at the p < 0.05 level (Least signifi cant diff erence test, LSD).
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architecture of kidney cortex, regular renal corpuscles with normal 
glomerulus and renal tubules (Figure 2A). Th e detectable lesions in 
the kidney of mice exposed to high dose of TMX were degeneration 
of the glomeruli and tubules with disorganized proximal and distal 
convoluted tubules. Hemorrhage and losing of tissue architecture 
were also observed (Figure 2B). Th e kidney section from the group 
received TMX together with (Se + Vit E) showed partial improvement 
in histological structure of kidney tissues with normal glomerulus, 
proximal and distal convoluted tubules, and less hemorrhage 
(Figure 2C). Histological examination of lung section of the control 
mice showed normal bronchiolar epithelium; the alveoli were thin-
walled polyhedral chambers surrounded by single layered squamous 
epithelium; a thin layer of connective tissue was observed between 
the alveoli; an alveolus opened into alveolar sacs (Figure 3A). Th e 
detectable lesions in the lung tissues from the TMX-treated mice 
were dilated alveoli separated by thick end interalveolar septae with 
marked accumulation of RBC and congestion, as well as ruptured 
bronchiole with cellular infi ltration were seen (Figure 3B). Th e 
lung tissues of mice received TMX in combination with Se + Vit E 
showed slight improvement in bronchiole and alveoli separated 
by thin interalveolar septae with some hemorrhage were observed 
(Figure 3C). Histopathological examination of testis section from 
the negative control showed normal well-organized seminiferous 
tubules, epididymis fi lled with sperm and Leydig cells in between the 

tubules (Figure 4A). Mice testes in group exposed to TMX showed 
lesion characterized by a disorganized seminiferous epithelium with 
few spermatogenic cells. Moreover, no spermatozoa in the lumen, 
degenerated Leydig cells and exudates in between the tubules were 
observed (Figure 4B). On the other hand, testes section from mice 
co-administered with TMX and (Se + Vit E) showed improvement 
and protection in testicular architecture damage with normal 
spermatogenesis in almost all the seminiferous tubules with some 
degenerated Leydig cells (Figure 4C).

DISCUSSION
In the presented study, the 24-h LD50 value of commercial 

formulation of Th iamethoxam (TMX) (ACTARA®), in albino male 
mice, 589.9 mg AI/kg b.w., seemed to less than that reported earlier in 
the literature by EPA, 871.0 mg AI/kg b.w. [49] indicating that toxicity 
of pesticides is probably aff ected by the type of their formulations [50]. 
It is known that U.S. EPA pesticide registration is based on toxicity 
data of the active ingredient, not formulations as they are marketed 
and applied. However, some pesticide formulations are more toxic 
than their active ingredient (technical grade) due to the presence 
of active surfactants, adjuvants, or other additive components in 
the formulation [51,52]. Th e No-Observed-Eff ect-Level (NOAEL) 
reported previously for TMX in the single-dose neurotoxicity study 
in the 28-day dietary assay in rats was 100 ppm (equal to 8.0 mg AI 

Figure 1: Representative photomicrographs of hematoxylin and eosin stained sections of liver from: 
(1-A) Untreated control mice showing classic hepatic lobule. The Central vein (Cv) located in the middle where hepatocytes plates are radiating and separated by 
blood Sinusoids (S).   Polygonal hepatocytes with acidophilic cytoplasm and vesicular Nuclei (N) are seen. 
(1-B) Mice exposed to high dose (1/20 LD50 of TMX) showing dilated congested Central vein (Cv), congested sinusoid (H), high infi ltration of mononuclear cells 
(I). Hepatocytes show cytoplasmic Vacuolation (V). 
(1-C) Mice exposed to TMX + Se + Vit E showing nearly normal Central vein (Cv) surrounded with hepatocytes with vesicular nucleus (N). Notice: small vacuoles 
(V) and few congested sinusoid (H) are still seen.

Figure 2: Representative photomicrographs of hematoxylin and eosin stained sections of kidney from: 
(2-A) Untreated control mice showing normal histological structure of kidney cortex. Renal corpuscle is formed of glomerulus (G) with distinct capsular space 
(star), the proximal (P) and distal (D) convoluted tubules.
(2-B) Mice exposed to high dose (1/20 LD50 of TMX) showing degenerated shrunken glomerulus (G), disorganized proximal (P) and distal (D) convoluted tubules. 
Hemorrhage (H) and loss of tissue (double head arrow) are seen.
(2-C) Mice exposed to TMX + Se + Vit E showing glomerulus (G), proximal (P) and distal (D) convoluted tubules nearly like the control. Less Hemorrhage (H) is seen. 
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kg/b.w.), based on increased plasma cholesterol concentrations [49]. 
Accordingly, in the present study, we selected three sublethal doses 
(high, middle, low), i.e. 30, 12 and 6 mg AI/kg b.w., for subacute 28-
days repeated dose toxicity study. Th e clinical symptoms of TMX 
observed, in the acute toxicity study, were mostly distinguished within 
the fi rst 3 h of exposure to high doses of TMX and this is reliable with 
the known mode of action for neonicotinoids that target Nicotinic 
Acetylcholine receptor (nAChR) of the postsynaptic membranes 
from both nerve and muscle cells and thus disrupt the transmission 
of the nervous infl ux into the central and peripheral nervous system 
[53]. Th e most observed toxicity signs of TMX reported within the 
fi rst 2-3 h of administration of TMX included vomiting, nausea, 
agitation and multiple episodes of generalized tonic-clonic seizures 
[54]. Several biomarkers have been measured in the present study, 
including hematological indices, and serum biochemical parameters 
involved in liver and renal functions. Blood is considered a good 
biomarker for some physiological and pathological alterations of 
animal health [55]. Th e biomarker has been defi ned as a biological 
response to a chemical, or as physiological signs that refl ect exposure, 
early cellular reaction which can provide a tactic for undertaking 
some toxicological issues [56,57]. Our data demonstrated that 28-day 
oral administration of sublethal doses of TMX in male mice led to 
signifi cant decreases in levels of erythrocyte indices, mainly of RBC, 
HGB, and HCT, with respect to negative control. Red blood cell 
parameters refl ect the size and hemoglobin level of the erythrocytes 
and help in the diagnosis of the reason of anemia. Also, leukocyte 
indices, involved levels of white blood cells, lymphocytes as well as 

platelet were signifi cantly decreased at all selected doses of TMX. In 
the cellular immune response, lymphocytes are considered the most 
important cells of the immune response since they contain in their 
membrane receptors which able to distinguish certain antigenic 
molecules and correspond to the higher percentage of the white blood 
cells [58]. Th e hematological parameters involving HGB and Total 
Erythrocyte Counts (TEC) were decreased in adult cockerels exposed 
to TMX for 15 or 30 days [59]. Also, the total count of WBC and 
RBC were decreased in fi sh, Labeo rohita (H.), exposed to sublethal 
concentrations of TMX [60]. 

Th e liver has number of critical functions in the body, such as 
glycogen storage, plasma protein synthesis, and detoxifi cation of 
xenobiotics, as well as producing bile, which is important for digestion. 
In the current study, signifi cant increases in the relative weights of liver 
in animals exposed to selected doses of TMX were observed. Th erefore, 
to evaluate hepatic damage, serum aminotransferase enzymes, AST 
and ALT, were determined. Th e present study demonstrated that 
levels of serum aminotransferases, as well as cholesterol levels in mice 
exposed to sublethal doses of TMX, 30 and 12 mg/kg b.w., showed 
signifi cant increases with respect to the control group. Similarly, 
repeated-oral administration of TMX in albino rat [12,14,16] and in 
cockerels [59] increased the activities of liver enzymes, ALT, AST, 
and Alkaline Phosphatase (ALP). It is well known that the elevation 
of AST activity, a cytosolic enzyme of the hepatocytes, refl ects the 
elevation of plasma membrane permeability as a result of hepatocytes 
lesion [61] and this is considered typically parameter of liver damage 
[62]. Also, the changes in the serum levels of ALT may act as a good 

Figure 3: Representative photomicrographs of hematoxylin and eosin stained sections of lung from: 
(3-A) Untreated control showing normal Bronchiole (B) and patent Alveoli (A) separated by thin interalveolar septae .Some alveoli may open into Alveolar Sacs (As)
(3-B) Mice exposed to high dose (1/20 LD50 of TMX) showing dilated Alveoli (A) separated by thick interalveolar septae with marked accumulation of RBCs (H). 
Bronchiole (B) with projected lining epithelium (arrow) and surrounded by cellular infi ltration (I) is seen.
(3-C) Mice exposed to TMX + Se + Vit E showing partial improvement in Bronchiole (B) and Alveoli (A) separated by thin interalveolar septae. Less Hemorrhage 
(H) is seen.

Figure 4: Representative photomicrographs of hematoxylin and eosin stained sections of testis from: 
(4-A) Untreated control showing normal seminiferous tubules (S) which lined by spermatogenic epithelium (Sp) and spermatozoa in the lumen (Z). Leydig cells (L) 
in between the tubules are seen.
 (4-B) Mice exposed to high dose (1/20 LD50 of TMX) showing seminiferous tubules(S) with disorganized apparently reduced Spermatogenic Epithelium (Sp), no 
spermatozoa  in the lumen (Z),  degenerated Leydig cells (L) and Exudates (E) in between the tubules.
(4-C) Mice exposed to TMX + Se + Vit E showing improvement of seminiferous tubules (S) with its lining Spermatogenic Epithelium (Sp) and spermatozoa in the 
lumen (Z) . Degenerated Leydig cells (L) in between the tubules are still seen.
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biomarker of internal organs lesions happened especially in liver [63]. 
Th ese results were also established by degeneration and necrosis of 
hepatocytes, which attributes an increased permeability of the cell 
membrane that lead to releasing of the liver aminotransaminases into 
the blood. Th ese fi ndings were almost associated with the observed 
damage in liver tissue architecture

Th e bioindicators of renal function measured in urine or/and 
serum are in increasing use in order to estimate the severity and 
nature of kidney injury. Serum creatinine, the indicator of glomerular 
fi ltration rate is still the most frequently used as biomarker of kidney 
function but not of the parenchymal kidney injury [64,65]. Th e 
present study showed that repeated-sublethal exposure to TMX did 
not cause signifi cant diff erence in creatinine levels with respect to 
negative control; whereas, signifi cantly increased levels of uric acid. 
Repeated-exposure to another neonicotinoid, acetamiprid, in albino 
rat for 35 days signifi cantly increased the level of plasma uric acid, 
while creatinine level was not signifi cantly changed [66]. Also, the 
elevation of serum urea level might be attributed to the reduction in 
glomerular fi ltration and disruption of renal tubules in the kidney 
[67].

Several harmful impacts on animal health are attributed to 
exposure to pesticides exposure, involving extreme generation of 
Reactive Oxygen Species (ROS). Oxygen free radicals generated as 
a result of pesticide exposure may cause tissue harm by activating 
numerous oxidative mechanisms and lipid peroxidation [68]. Since 
it is diffi  cult to monitor free radicals directly In vivo, it is crucial to 
perform the quantifi cation of cellular components that can react with 
such free radicals, e.g. proteins [69], DNA [70] and mostly lipids [71]. 
Increasing levels of the Lipid Peroxidation (LPO) induced by ROS 
has been associated with pathogenesis of several kidney and liver 
damages. Th e most commonly-used indicator of LPO is formation 
of Malondialdehyde (MDA) product, which is assessed by measuring 
the Th iobarbituric acid (TBA) [72]. Th e present results demonstrated 
clearly that 28-day repeated exposure to sublethal doses of TMX 
resulted in signifi cant increase in MDA levels. Likewise, previous 
studies have reported that exposure of rats to TMX in subacute 
toxicity study signifi cantly increased superoxide radical anion levels 
in liver, kidney, testis and ovary [73,74]. Additionally, the current 
study demonstrated that levels of hydrogen peroxide, which act 
as one of important oxidative stress markers, were signifi cantly 
increased at all tested doses of TMX, whereas, total antioxidants 
levels were markedly decreased at the higher dose, 30 mg/kg b.w., of 
TMX. Similarly, oral administration of sublethal dose of TMX for 30 
days increased the levels of MDA and Nitric Oxide (NO), whereas, 
decreased the activities of enzymatic antioxidants, i.e. CAT and 
SOD [25]. It has been known that liver damage is oft en associated 
by decline in antioxidant defenses in serum of animals exposed to 
pesticides. Oxidative stress also has been documented in rats exposed 
to sublethal doses of TMX indicating remarkable increases in levels 
of MDA, superoxide-anion radical and myeloperoxidase in kidney 
[20]. Likewise, sub-chronic administration of another neonicotinoid 
insecticide, acetamiprid, to guinea pigs, induced signifi cant increases 
in MDA and activities of CAT and SOD, whereas reduced the level of 
glutathione [75].

Histopathological changes combined with oxidative stress indices 
in animal organs have been increasingly studied as biomarkers for 
toxicity of pesticides. Th e present study revealed that 28-day repeated 
oral administration of TMX, at 30 mg/kg b.w./day, showed diff erent 
pathological lesions in the examined organs, viz. liver, kidney, lung 

and testes. Th e most lesion symptoms in liver tissues of mice exposed 
to high dose of TMX seemed to be in harmony with disturbances 
found in liver-function as evidenced by biochemical markers, 
e.g. ALT, AST and cholesterol. Th e histopathological alterations 
induced in liver and kidney of rats in response to subchronic-oral 
administration of TMX have been reported previously by several 
researchers [14,15,20]. Focal liver lesions were also detected in liver 
from albino mice exposed to subacute doses of imidacloprid [14]. 

Reports on the histopathological eff ects of sublethal doses of TMX 
on lungs and testes of mice or rats are also still scanty in the available 
literature. Th e present study showed that repeated-exposure of mice 
to high dose of TMX caused some histopathological changes in lungs, 
such as dilated bronchiole with cellular infi ltration and degeneration 
of alveoli. Th ese alterations might be due to the excessive formation 
of reactive-oxygen species caused by TMX-exposure. Likewise, 
oral administration of acetamiprid insecticide in Wistar albino rats 
induced histological alterations in lung tissues including hypertrophy 
of alveoli [76]. 

Th e histopathological examination of testes, in the present 
study, showed clearly that repeated-exposure to TMX caused 
damaged seminiferous tubules with no sperms in the lumen as well 
as detached Leydig cells in between the tubules. Similarly, an oral 
administration of TMX in Wistar rats caused histological alterations 
in tissue architecture of testes including coagulative necrosis, and 
depletion of the germinal epithelium [15]. However, serum level 
of testosterone hormone showed no signifi cant alteration in TMX-
exposed animals when compared to the control group, indicating that 
TMX couldn’t able to suppress testosterone production despite the 
detected histological lesions [77]. Another study demonstrated that 
administration of TMX to albino mice induced a signifi cant decrease 
in the sperm viability, motility and testosterone level, with a few or 
no sperm in the Epididymis and incomplete mature spermatogenesis 
[78].

On the other hand, our present study demonstrated that oral 
co-administration of selenium + vitamin E with high dose of TMX 
exhibited additive benefi cial eff ect to recover the levels of most 
hematological parameters to their normal levels. Th e protective 
eff ects of vitamin E, selenium and zinc against the harmful eff ects of 
cadmium- toxicity have been demonstrated in rats via improving the 
blood profi le parameters [79]. Th e present data also demonstrated 
that co-administration of selenium + vitamin E with TMX alleviated 
the reduction occurred in the total antioxidant level and recovered 
it to the normal control value. It is known that α-tocopherol, the 
most potent vitamin E, is the major lipid soluble antioxidant of 
which protects cellular membranes and low-density lipoprotein 
from oxidation by inhibiting the formation of free radicals and can 
effi  ciently minimize lipid peroxidation [80,81]. Antioxidants may 
proliferation the immune system reactions in the organism via 
controlling the amount of free radicals which produced as a result of 
exposure to insecticides in a cell [82]. Interestingly, the current results 
showed that co-administration of selenium + vitamin E with TMX in 
mice resulted in rather positive eff ect on amelioration of oxidative 
stress by reducing the levels of MDA and hydrogen peroxide 
induced by exposure to high dose of TMX alone. Th e ameliorative 
action of selenium combined with vitamin C against methomyl- 
induced toxicity has been explained by stimulating free radical 
scavenger or reducing the accumulation of free radical generation 
with the capability to keep the normal levels of antioxidants [35,83]. 
Similarly, the protective role of vitamin C and vitamin E against 
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fi pronil-induced toxicity has been documented by interrupting the 
lipid peroxidation reaction and protecting against oxidative stress 
[84,85]. Th e protective role of vitamin E, mostly, is attributed to its 
ring structure possessing hydrogen giving hydroxyl group, therefore 
it acts as chain terminating antioxidant. Th e present work shows that 
such amelioration action of selenium combined with vitamin E in 
reducing oxidative stress has been refl ected mostly by reducing the 
severity of histopathological lesions happened in liver, kidney, lung 
and testis tissues as a result of TMX exposure. 

CONCLUSION
Based on the overall fi ndings from the present study, it may be 

concluded that 28 days exposure of commercial formulation of TMX 
(ACTARA®), at 30 and 12 mg AI/kg b.w./day, induced oxidative stress 
as revealed by increased Malondialdehyde (MDA) and hydrogen 
peroxide, and disorder of total antioxidant level, serum biochemical 
markers as well as histological alterations. Moreover, results of this 
study suggest that prior administration of antioxidant vitamins E 
together with selenium could alleviate TMX-induced toxicity. Th us, 
suffi  cient dietary intake of such antioxidants by individuals at high 
risk of TMX exposure could prove benefi cial in combating the adverse 
eff ects. It is suggested that the sublethal dose 6.0 mg AI/kg b.w./day, 
in repeated dose 28-day oral toxicity study, in male albino mice could 
be considered as No-Observed-Adverse-Eff ect-Level (NOAEL) of 
commercial formulation of TMX. However, further, more detailed 
systemic toxicity studies of TMX to better characterize its eff ects on 
immune and reproductive systems.
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