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Original Article

Adverse Effects to Suckling Mice Following Indirect Exposure to a Pesticide 
Mixture and Ameliorative Effect of α-Tocopherol Coadministration

INTRODUCTION
It is worth to mention that maternal milk is recognized as the most important source of nourishment during infancy. Mothers maybe 
exposed to lipophilic chemicals from different sources. Such chemicals can be stored and accumulated over time in the body fats. 
During lactation, they can enter the breast milk by passive transfer from plasma (1). Thus, protecting human milk from chemical con-
taminants such as pesticides is a subject of major concern to both scientific and regulatory communities. The present study reports 
the problem of the toxic transfer of pesticides into suckling mice and measures to prevent such cases.

This study is a part of a collaborative research project between Egypt and France; thus, the selection of pesticides was based on 
currently or previously used compounds in both countries. Three pesticides (atrazine, A; chlorpyrifos, C; and endosulfan, E) in ad-
dition to their tertiary combination (ACE) were selected for the collaborative research project. The selected pesticides belong to 
three different chemical classes, namely, triazines, organophosphates, and organochlorines. These pesticides are still used in several 
countries for combating agricultural and household pests, and their residues have been found even in countries where in their use 
is banned (2). Atrazine is still a drinking water contaminant, at very low concentrations, in some countries, including France (3). The 
concentrations of E and C in various foods were found to be around 0.011-0.037 ppm and 0.002-0.1 ppm, respectively (4). 

According to the protocol of the collaborative research project, we recently investigated the effect of exposure of mouse dams to 
A, E, and C during the overall period of gestation and lactation, and the indirect effect of such an exposure on the offspring (5-7). 
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Abstract 
Purpose: The present study was conducted to evaluate the oxidative damage and biochemical and histopathological alterations in 
suckling mice whose mothers were exposed to a mixture of three pesticides (atrazine “A,” chlorpyrifos “C,” and endosulfan “E”; ACE) 
with and without vitamin E (α-tocopherol) supplementation.

Methods: During gestation, the mouse dams were fed a diet free of chemicals. Just after parturition and up to offspring weaning 
(ca. 20 days), the mouse dams received one of the following diets: (a) a diet free of ACE, (b) a diet enriched with ACE (at Acceptable 
Daily Intake (ADI): 0.005, 0.01, and 0.006 mg/kg bw/day), (c) a diet free of ACE+oral vitamin E (100 ul/mouse/day), or (d) a diet 
enriched with ACE+oral vitamin E. Drinking water was allowed ad libitum up to 42 days. After weaning, blood samples and organs 
were collected from pups and dams for analyses. 

Results: Compared with the control results of dams or their pups, the ACE mixture induced high elevation in AST, ALT, ALP, urea, and 
MDA and high decline in BuChE, SOD, and CAT. The suckling pups were more affected than the dams with respect to alterations 
in MDA and BuChE activities, whereas the opposite was observed with respect to SOD activities. Vitamin E supplementation 
alleviated the oxidative stress exerted by the tested mixture. 

Conclusion: The findings of this study explore extension of the adverse effects of the ACE mixture to mouse offspring and the 
powerful ameliorating effect of vitamin E supplementation.
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We found it to be of interest to elucidate the toxic effects of a 
mixture comprising the abovementioned pesticides on lactating 
dams and their suckling mice and to assess the ameliorative ef-
fects of vitamin E supplementation. 

In fact, about 95% of studies related to pesticides were conducted 
on individual chemicals; however, studies on the effect of chemi-
cal mixtures on human systems are rare (8). Humans are exposed 
to a cocktail of chemical compounds through multiple routes of 
exposure (e.g., ingestion, inhalation, and skin contact), but food 
remains an important source of exposure. The effects of such ex-
posures on human health are still poorly understood, making risk 
assessment of chemical mixtures difficult and inaccurate. Major 
difficulties in this respect are attributed to differences in the ex-
posure levels, periods, and frequencies as well as to the diversity 
of active substances and adjuvants used in formulating the com-
pounds (3). Certain pesticides in a mixture may interact chemi-
cally, mainly because the metabolism of one chemical can affect 
that of another. Subsequently, mixtures of pesticides can interact 
additively, synergistically, or antagonistically (9). Potentiation was 
reported for a mixture of A, C, and chlorothalonil (9, 10). 

It has long been recognized that many pesticides may induce oxi-
dative stress following acute exposure in humans and animals (11). 
Exposure to not only individual pesticides but also pesticide mixtures 
can promote oxidative stress by increasing the concentration of 
reactive oxygen species (ROS) and products of oxidative damage 
such as lipid peroxides, thereby affecting the activity of antioxidant 
enzymes (AOEs) (11, 12). Antioxidants such as vitamin E act as biolog-
ical free-radical scavengers in the cell membranes, thus protecting 
cells from the damaging effects of the harmful free radicals (13). 

The present study was conducted to evaluate the oxidative 
damage and biochemical and histopathological alterations in 
suckling mice whose mothers were exposed to the pesticide 
mixture ACE and to assess the ameliorative effects of vitamin 
E supplementation. To the best of our knowledge, there is no 
data on the ameliorative effects of vitamin E against the tested 
mixture ACE, but there are many publications on such effects 
against individual pesticides (5-7). 

METHODS

Chemicals and Doses
High purity PESTANAL® Analytical Standards of A (97.4%), C 
(99.2%), and E (α+β=2+1; 99.9%) were purchased from Fluka (Rie-
del-de Haën, France) and added to rodent nuggets at a dose of 
25, 50, and 30 µg/kg of food, respectively, as a tertiary  mixture 
(ACE). The rodent nuggets thus prepared were analyzed in Eu-
rofins (Nantes, France), and the actual fortified quantities were 
around the expected values (i.e., around 25, 50, and 30 µg/kg of 
food, respectively, for A, C, and E). Nuggets prepared for control 
feed did not show the presence of any pesticide. Based on previ-
ous estimates of the average food consumption/mouse, the pre-
pared nuggets allowed the mouse to ingest an equivalent of the 
acceptable daily intake (ADI) of each pesticide (0.005, 0.01, and 
0.006 mg/kgbw/day, respectively), as defined for humans during 
the Joint FAO/WHO Meeting on Pesticide Residues and extrapo-
lated for mice on the basis of their mean body weight (14, 15). 

D-L α-tocopherol acetate was purchased from Fluka (Riedel-de 
Haën, France). The vitamin was dissolved in corn oil (120 mg/3ml) 
and administered by oral gavages twice a week at a dose of 100 
ul/mouse according to a study by Kalender et al. (16). 

Animals
Ten-week-old female and male C57 BL/6 J mice were purchased 
from Charles River Laboratories (Domaine des Oncins-BP 109, 
69592 L’arbresle, Cedex, France). Their mean body weights were 
20±2 g. The animals were acclimatized for 2 weeks before com-
mencement of dosing. Sixteen virgin female mice were distributed 
into 8 cages. In each cage, one male was placed overnight, and the 
presence of spermatozoa was checked in the vaginal smear the 
following morning. This day was connoted as gestation day 0 (GD 
0). At that time, pregnant females were individually housed in clean 
plastic cages in the laboratory animal room (23°C±2°C; 40% RH), 
fed on the prepared diet, and allowed to drink tap water ad libitum. 
The mouse dams received the tested treatments during lactation 
period only (20 days), and the day of parturition was considered 
day 0 of lactation, postnatal day 0 (PND 0). The offspring of each 
litter were counted and sexed, and each litter was randomly re-
duced to 6 pups of equal number of sexes to maximize the lacta-
tion performance (17). The experimental work on animals was per-
formed in Toxalim Unit, INRA, Toulouse, France and in accordance 
to its institutional ethical committees in an accredited animal house.

Experimental Design
During gestation, the mouse dams were fed a diet free of any 
chemicals. During the lactation period (ca. 20 days), the exper-
imental mouse dams received one of the following treatments: 
(a) a diet free of ACE, control; (b) a diet enriched with ACE; (c) 
a diet free of ACE+oral vitamin E (α-tocopherol),100 µl/mouse; 
or(d) a diet enriched with ACE+oral vitamin E,100 µl/mouse. The 
dose of vitamin E was given twice a week. Pups of the experi-
mental dams were segregated into male and female subgroups, 
each of 20 animals, representing control, pesticide mixture, vita-
min E, and pesticide mixture+vitamin E treatments.

At the end of weaning (ca. 42 days), blood samples were ob-
tained from the facial artery of each animal (dams and pups) 
and added to non-heparinized centrifuge tubes (Multivette®, 
SARSTED, Germany) for separating sera. Centrifugation was 
performed on Sigma 1K15 Bioblock Scientific (Subra, France) for 
10 min at 4°C and 4000 rpm (1400 × g). The sera were kept in Ep-
pendorf tubes and stored at (−80°C). The heart, spleen, liver, kid-
neys, testes, or ovaries were removed and weighted, and small 
pieces were placed in 10% formalin for histopathological anal-
ysis. Other pieces of liver were packed in aluminum sheets and 
placed in nitrogen (−80°C) for certain biochemical estimations. 
The fractionated blood samples and specimens of internal or-
gans were shipped frozen in addition to formaldehyde-reserved 
specimens to the National Research Centre, Cairo, Egypt for bio-
chemical analyses and histopathological studies.

Biochemical Analyses
Diagnostic kits used in the present study were obtained from 
Biodiagnostic Co., Dokki, Giza, Egypt. These included aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), butyryl cholinesterase (BuChE), urea, 
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malondialdehyde (MDA), superoxide dismutase (SOD), and cat-
alase (CAT). Measurements were performed spectrophotomet-
rically using a Shimadzu ultraviolet-visible recording 2401PC (Ja-
pan) in the light of the manufacturer’s instructions given in the 
pamphlets and in accordance with well-known methods. MDA 
and SOD activities were determined in liver tissues, whereas the 
other biochemical parameters were measured in sera. 

Histology Studies
Liver, kidneys, ovaries, and testes from the experimental mice were 
dissected and fixed in 10% neutral formalin dehydrated in ascend-
ing grades of alcohol and embedded in paraffin wax. Paraffin 
sections (5-mm thick) were stained for routine histological studies 
using hematoxylin and eosin (H&E). Two slides were prepared for 
each mouse:each slide contained two sections of each organ. Ten 
field areas for each section were selected and examined for histo-
pathological changes under a light microscope (400× magnifica-
tion). The histopathological study was conducted in the Pathology 
Department, Faculty of Veterinary Medicine, Cairo University, Cai-
ro, Egypt. Tissue injury in the examined organs was scored using 
different ratings according to a study by Brunt et al. (18). 

Statistical Analysis
The results were expressed as means±SE. All the data were sta-
tistically analyzed by means of the Statistical Package for So-
cial Sciences version 17.0 (SPSS Inc.; Chicago, IL, USA).The results 
were analyzed using one way analysis of variance followed 
by Dunnett’’s test for comparison between different treatment 
groups. Statistical significance was set at p≤0.05.

RESULTS

Body and Organs Weights 
Table 1 presents results of body, absolute, and relative organ 
weights of mouse dams treated with the pesticide mixture during 
the lactation period and of their pups just after weaning. There 
were insignificant differences between control and treatment re-
sults with respect to the body weights of dams and their pups. 
The weights of the liver were recorded to be 0.51 g for female and 

male pups; this value was significantly higher (P≤0.05) than that 
obtained for the control treatment (0.42 and0.42 g). The weight of 
the dam spleen with the control treatment (0.09 g) was very little 
compared with that with the mixture treatment (0.29 g), showing 
a significant difference (p≤0.01). The values recorded for absolute 
weights of the kidney, heart, ovaries, and testes in mouse dams 
and their pups showed insignificant differences compared with 
those recorded for the corresponding controls (Table 1). 

The relative weights of the kidneys, ovaries, and testes with all 
treatments (Table 1) showed insignificant differences when com-
pared with the results of the corresponding controls. The relative 
weights of the liver from the female and male pups exposed to 
the mixture were found to be significantly higher (p≤0.05) than 
those of their corresponding controls, whereas the opposite was 
observed for the weights of the heart. The relative weight of the 
spleen in the dams treated with the mixture (0.89%) was signifi-
cantly higher (p≤0.01) than that in the control dams (0.32%). Con-
versely, the weight of the spleen in the pups exposed to the mix-
ture was recorded to be 0.37% and 0.46, respectively, for female 
and male animals; these values were statistically (p≤0.01) lower 
than the control values. Generally, supplementation of vitamin E 
narrowed the gaps between treatment and control results. 

Biochemical Analyses 
Data of the measured biochemical parameters are presented 
in Table 2. Generally, there were insignificant differences be-
tween control and vitamin E treatments. The serum activity of 
AST in control mice was found to be 69.00, 70.00, and 70.66 U/L, 
respectively, in dams, female pups, and male pups. The mixture 
treatment caused significant elevation (p≤0.01), and coadminis-
tration of vitamin E with the pesticide mixture lead to some im-
provement. In the meantime, the enzyme activity in female and 
male pups approached the control values without significant 
differences. A significant elevation (p≤0.01) in serum activity of 
ALT was obtained for the mixture treatments (70.00, 67.00, and 
62.33 U/L) compared with that for the control treatments (30.00, 
31.00, and 31.66 U/L), respectively, for dams, female pups, and 
male pups. The mixture+vitamin E treatments recorded values 
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Table 1. Body, absolute,and relative organ weights of mouse dams and their pups treated with the mixture, with and without vitamin E supple-
mentation, during lactation periods

 Organs Weights (g) Relative Organs Weights (%)
Treatment B.Wt. (g) Liver Kidney Heart Spleen Ovary/Testis Liver Kidney Heart Spleen Ovary/Testis
C D 28.26±0.97 2.23±0.23 0.41±0.01 0.23±0.02 0.09±0.01 0.02±0.01 8.12±0.85 1.44±0.06 0.82±0.06 0.32±0.01 0.06±0.01
V D 27.50±1.74 2.34±0.40 0.43±0.53 0.25±0.06 0.15±0.04 0.06±0.04 8.49±1.20 1.55±0.10 0.89±0.12 0.34±0.13 0.08±0.03
M D 27.23±0.63 2.20±0.46 0.43±0.01 0.22±0.02 0.29±0.03** 0.02±0.01 8.09±0.35 1.58±0.02 0.79±0.02 0.89±0.04** 0.06±0.01
(MD+V) 28.30±0.44 2.56±0.28 0.41±0.01 0.24±0.03 0.08±0.01 0.03±0.01 9.04±0.07 1.45±0.05 0.84±0.05 0.28±0.01 0.09±0.04
CP(♀) 7.88±0.68 0.42±0.31 0.12±0.01 0.07±0.01 0.05±0.01 0.07±0.02 5.28±0.31 1.49±0.07 0.86±0.05 0.58±0.04 0.08±0.02
VP(♀) 8.16±0.25 0.41±0.11 0.12±0.01 0.06±0.02 0.04±0.01 0.08±0.01 5.19±0.28 1.52±0.04 0.76±0.01 0.54±0.04 0.10±0.02
MP(♀) 7.54±0.20 0.51±0.04* 0.12±0.03 0.05±0.01 0.03±0.01 0.06±0.01 6.82±0.30* 1.54±0.03 0.70±0.02* 0.37±0.04* 0.08±0.01
(MP+V) (♀) 6.86±0.34 0.41±0.03 0.10±0.01 0.05±0.01 0.03±0.01 0. 06±0.01 5.99±0.14 1.47±0.02 0.73±0.02 0.42±0.03 0.09±0.02
CP(♂) 7.00±0.58 0.42±0.031 0.10±0.11 0.06±0.01 0.04±0.01 0.04±0.01 5.94±0.16 1.43±0.06 0.83±0.06 0.56±0.08 0.57±0.07
VP(♂) 8.30±0.42 0.40±0.11 0.12±0.01 0.05±0.01 0.05±0.01 0.04±0.01 6.08±0.37 1.49±0.10 0.77±0.03 0.59±0.05 0.46±0.06
MP(♂) 7.14±0.93 0.51±0.04* 0.11±0.04 0.05±0.02 0.03±0.01 0.03±0.01 7.20±0.21* 1.53±0.04 0.71±0.03* 0.46±0.04* 0.46±0.01
(MP+V) (♂) 6.96±0.52 0.41±0.03 0.10±0.01 0.05±0.01 0.03±0.01 0.05±0.02 5.91±0.62 1.42±0.02 0.75±0.05 0.49±0.04 0.53±0.02
Mixture: Atrazine+Chlorpyrifos+Endosulfan 
Symbols Abbreviation: C=control; V=vitamin E; M=mixture; D=dams; P=pups
Statistical: - Insignificant; *=Significant (P<0.05); **=Highly Significant (P<0.01) ; Mothers (n=3); ♀Pups (n=5); ♂ Pups (n=5)
Relative Weight=Organ Weight/Body Weight*100



insignificantly different compared with control treatments. The 
pesticide mixture treatments caused high elevation (p≤0.01) in 
the ALP activity (145.00, 111.00, and 110.33 U/L) compared with the 
control treatments (73.33, 54.33, and 54.66 U/L), respectively, for 
dams, female pups and male pups. Coadministration of vitamin 
E with the mixture improved the ALP activities to some extent. 
A similar trend was obtained for urea concentrations (Table 2).

The serum activity of BuChE in control mice was found to be 
3378.66, 1544.33, and 1487.33 U/L, respectively, in dams, female 
pups, and male pups (Table 2). The mixture treatment caused sig-
nificant decline (p≤0.01). Coadministration of vitamin E with the 
pesticide mixture improved the enzyme activity to some extent. 
A high significant elevation (p≤0.01) in the activity of lipid peroxi-
dation (LPO) in terms of MDA was obtained for the mixture treat-
ment in mouse dams (117.33nmol/g tissue), while significant eleva-
tion (p≤0.05) was recorded in female and male pups (64.66 and 
67.33 nmol/g tissue, respectively) compared with the respective 
control values. The activity of SOD in control mice was found to be 
210.66, 190.33, and 190.66 U/g tissues, respectively, in dams, female 
pups, and male pups. These values were significantly decreased 
(p≤0.01) in the mice treated with the pesticide mixture. Coadmin-
istration of vitamin E with the pesticide mixture improved the en-
zyme activity to some extent. A nearly similar trend was obtained 
for the serum catalase (CAT) activity (Table 2).

Histopathology Examination
Microscopic examination of sections from the liver, kidneys, ova-
ries, and testes obtained from the animals subjected to different 
treatments in the present study was performed. Figure 1 illustrates 
the histopathological structure of the studied sections obtained 
from the normal (control) groups. The control latter was consid-
ered as a base for comparing the histopathological alterations 
in the pesticide mixture groups with and without vitamin E sup-
plementation. Sections of control organs (Figure 1) were char-
acterized by a normal histopathological structure of the hepatic 
lobules, central veins, and hepatocytes. Renal parenchyma and 
tubules were characteristic of anormal histopathological struc-

ture of the kidneys. Graffian follicle and corpus luteum were char-
acteristic of a normal ovary. Sections of the testes were charac-
terized by normal seminiferous tubules, and those of the ovaries 
were characterized by a normal corpus luteum (Figure 1a-i).

Based on a study by Brunt et al. (18), such alterations were ad-
opted and scored in terms of degree of cell damage as follows:

(0)=no change, (1)=mild change (e.g., <25% cell damage), 
(2)=moderate change (e.g., 25%-50% cell damage), and (3)=se-
vere change (e.g., >50% cell damage).

The results of histological alterations in the mixture alone and in 
conjunction with vitamin E treatments could be depicted from 
the data presented in Table 3. 

DISCUSSION
Pregnant and lactating women are considered as a special risk 
group due to the possibility of an increased risk of acute lym-
phocytic leukemia to their children/fetus if these women use 
pesticides during these critical stages even when the babies are 
in the mother’s womb (19). A fetus is more vulnerable to the toxic 
effects of environmental exposure than children or adults (20). 
There are many factors involved in the transfer of chemicals into 
the breast milk and subsequently to the suckling neonate. The 
quantity of pesticides that is passed to the infant via the breast 
milk is influenced by many variables, including age, the chemical 
in concern, the level/duration of exposure, and the developmen-
tal period during which the exposure occurs (21). 

To the best of our knowledge, there are no studies on the ACE 
mixture tested here with respect to hepatorenal dysfunction and 
oxidative stress that may occur in pregnant and/or lactating an-
imals and on protective effects of antioxidants, such as vitamin E. 
Only in in vitro studies, the effect of the concerned mixture was 
evaluated on the liver cell defense system using human and mice 
cultured hepatocytes (3). However, studies were previously con-
ducted on individual compounds with special focus pertaining to 
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Table 2. Activities and/or concentration levels of biochemical parameters in serum/tissue of mouse dams and their pups following exposure 
during lactation to a mixture of pesticides, with and without vitamin E supplementation

                    Liver and Kidney Functions

  AST (U/L)   ALT (U/L)   ALP (U/L)   Urea (mg/dL)

Treatment Dams Female  Male Dams Female  Male Dams Female  Male Dams Female  Male

Control 69.00±0.57 70.00±1.15 70.66±1.20 30.00±0.57 31.00±1.15 31.66±2.18 73.33±2.02 54.33±1.76 54.66±1.76 42.00±1.15 35.00±1.15 34.66±1.20
VE 68.33±2.40 70.00±1.15 69.33±1.85 29.33±1.76 31.33±1.76 30.66±1.20 69.00±2.08 55.00±2.51 55.66±2.33 42.66±1.20 35.66±0.88 35.66±1.85
Mix 110.66±0.88** 94.66±1.76* 95.00±1.52* 70.00±2.51** 67.00±1.52** 62.33±1.45** 145.00±5.50** 111.00±2.08** 110.33±2.60** 61.00±2.08* 45.33±1.85* 48.66±0.88*
Mix+VE 81.33±4.09* 71.33±3.48 72.33±1.45 37.66±2.96 36.00±2.08 32.66±1.20 97.66±1.45* 69.33±1.45* 66.33±1.20* 43.66±2.33 37.33±1.76 38.00±1.15

      Cholinesterase and Antioxidant Enzymes

  BuChE (U/L) in sera   MDA (nmol/g tissue)   SOD (U/g tissue)                               Catalase (µmol/min/mL) in sera

Treatment Dams Female  Male Dams Female  Male Dams Female  Male Dams Female  Male

Control 3378.66±22.51 1544.33±25.12 1487.33±8.96 81.33±3.52 51.00±1.52 53.00±2.51 210.66±1.45 190.33±2.96 190.66±4.97 397.66±5.36 384.66±4.66 392.00±2.08
VE 3351.33±25.72 1535.66±33.54 1438.66±13.86 79.33±5.04 52.00±3.46 51.33±3.52 209.00±7.37 192.00±5.29 190.00±7.00 400.00±5.77 389.66±4.33 394.33±3.48
Mix 3155.00±8.66** 1243.33±23.33** 1280.00±26.45** 117.33±1.45** 64.66±0.88* 67.33±1.33* 163.33±2.02** 158.66±3.52** 156.66±2.40** 236.00±3.05** 228.33±2.60** 227.66±1.45**
Mix+VE 3253.33±20.27* 1362.00±16.65* 1360.33±7.26* 69.33±2.33* 53.33±1.20 53.33±2.40 188.33±4.40* 172.66±2.60* 174.33±2.96* 340.66±2.33* 330.00±2.88* 335.00±2.88*
Pesticide mixture (Mix): Atrazin+Chlorpyrifos+Endosulfan. VE: vitamin E
Statistical: compared with control value in the same column: * means significant difference at p≤0.05; ** means high significant difference at p≤0.01. n=3.



their adverse effects during gestation and lactation and on the 
ameliorative effects of antioxidants such as vitamin E (5-7). 

In toxicological studies, evaluation of organ toxicity is an import-
ant criterion. Generally, increase or decrease of organ weights 
than normal may be considered as a sign of toxicity. The re-
sults of the present study revealed that there were insignificant 

changes in the body weight with all treatments (Table 1). On the 
other hand, the significant increase in the relative liver weight, 
particularly in suckling pups, may be attributed to the induction 
of hepatomegaly, which was designated as an important reason 
for losing of body weight (22). Fortunately, the ACE treatments 
did not cause significant changes in the relative weights of the 
kidneys, ovaries, and testes in experimental mice (Table 1). Vi-
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Figure 1. Histopathological sections (liver, kidney, ovary, and testis) prepared from organs of normal mice for comparison with mixture-treated mice, with and without 
vitamin E supplementation, during lactation period (H&E stain 400×). (a) Liver of control mouse dam showing anormal histological structure of the hepatic  
lobule from central vein (CV) and normal hepatocytes (H) (H&E stain 400×). (b) Liver of control male offspring showing znormal histological structure of 
the hepatic lobule from CV and normal hepatocytes (H) (H&E stain 400×). (c) Liver of control female offspring showing anormal histological structure of 
the hepatic lobule from CV and normal hepatocytes (H) (H&E stain 400×). (d) Kidney of control mouse dam showing anormal histological structure of renal 
parenchyma. Of note, normal glomerulus (G) and renal tubules (T) (H&E 400×). (e) Kidney of control male offspring showing anormal histological structure 
of renal parenchyma. Of note, normal glomerulus (G) and renal tubules (T) (H&E 400×). (f) Kidney of control female offspring showing anormal histological 
structure of renal parenchyma. Of note, normal glomerulus (G) and renal tubules (T) (H&E 400×). (g) Ovary of control mouse dam showing a normal Graffian 
follicle (GF) and corpus luteum (CL) (H&E stain 400×). (h) Ovary of female offspring showing a normal Graffian follicle (GF) (H&E stain 400×). (i) Testis of 
control male offspring showing a normal seminiferous tubules (ST) (H&E 400×).
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tamin E supplementation to ACE treatments showed that body 
and organ weight values insignificantly differed compared with 
the corresponding control values. These results may refer to the 
tested low dose of the ACE mixture and coincide with the effect 
of vitamin E on A(5), E(6), and C(7) when tested individually at 
ADI values against pregnant and lactating mice.

The release of intracellular enzymes (e.g., AST, ALT, and ALP) in 
the circulation following exposure to pesticides is one of the most 
sensitive indicators of hepatocyte injury. The elevated activity of 
these enzymes, as observed here, is indicative of cellular leakage 
and loss of functional integrity of the liver cell membranes (23). 
The release of extra amounts of ALT and ALP (up to 3 and 2 times, 
respectively, of their upper normal limits; ULN) may be indicative 
of severe liver injury due to ACE treatments (Table 2 ) (24). 

Kidney is one of the target organs attacked by acute and chron-
ic exposure to pesticides (25). Elevation of urea concentrations 
in serum of treated rats (Tables 2) may be indicative of kidney 
dysfunction as a result of oxidative damage (11). 

Cholinesterase (ChE) or pseudocholinesterase is synthesized 
mainly in the hepatocytes and secreted into the blood stream. In 
liver dysfunction, its activity is declined due to reduced synthe-
sis in contrast to other serum enzymes involved in liver function 
whose activities increase as a result of increased release from 
their cellular sources following cell membrane damage (26). In 
this respect, changes in ChE activity reflect diminished synthetic 
capacity of the hepatic parenchyma (27). In the present study, 
the decline of BuChE seemed to occur in a manner resembling 
that previously reported for individual compounds of the tested 
ACE mixture (5-7). Following subchronic and chronic exposure to 
OP pesticides, a correlation between AChE inhibition and LPO 
levels in erythrocytes was found (28). 

In fact, the toxicity of biologically active substances (e.g., pes-
ticides) is associated with the formation of ROS. These ROS 
are responsible of inducing oxidative stress in the tissues and 
chronic permanent damage (11). The harmful effects of ROS are 
balanced by the antioxidant action of nonenzymatic and enzy-
matic antioxidants, which are molecules containing an unshared 
electron (13). It is well documented that many pesticides may in-
duce oxidative stress following acute exposure in humans and 
animals (13, 29, 30). Increased LPO in various tissues may be one 
of the molecular mechanisms involved in pesticide-induced tox-
icity (13). LPO is a marker of oxidative damage caused by many 
substances, including pesticides. MDA is a stable end product 
of LPO; therefore, it can be used as an indirect measure of the 
cumulative LPO. SOD provides the first line of defense against 
oxygen-derived free radicals and decreases oxidative stress by 
dismutation O2

− (31). Elevation of MDA and decline of SOD ac-
tivities by the ACE mixture could be attributed to the oxidative 
stress-related effects of the tested mixture. A diet containing 
low doses of POP mixture (e.g., E, C, naphthalene, and benzo-
pyrane) was reported to induce oxidative stress in brain cytosol 
and mitochondria; these results may support our findings (32).

Several substances, including vitamin E, were used to alleviate 
the toxic effects of pesticide-induced oxidative stress in exper-
imental animals. Antioxidants, such as vitamin E, are important 
biological free-radical scavengers in cell membranes and pro-
tect cells from the damaging effects of free radicals (13, 33). In-
terestingly, the vitamin showed its ability to ameliorate the oxi-
dative stress induced by the ACE mixture (Table 2). To the best 
of our knowledge, such studies on the ACE mixture tested here 
may be not investigated before. Only green tea polyphenols (as 
an example for natural polyphenols) or butylated hydroxytol-
uene (as an example for artificial polyphenols) were found to 
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Table 3. Histopathologic changes based on scoring severity of injury in different organs from mouse dams and their pups following exposure to 
pesticide mixture, with and without vitamin E supplementation, during lactation

  Mixture  Mixture+vitamin E
Histopathological changes Dams Pups (F) Pups (M) Dams Pups (F) Pups (M)
Liver
-Vacuolar degeneration of hepatocytes 3 2 2 0 0 0
-Cytoplasmic vacuolization of hepatocytes 3 2 2 1 0 1
-Congestion 2 0 0 0 0 0
-Kupffer cell activation 0 0 0 0 0 0
-Pyknosis of nuclei 3 0 0 0 0 0
Kidney
-Vacuolation of glomerular tuft 2 0 0 1 0 0
-Vacuolation of epithelial lining renal tubules 3 3 3 2 2 0
-Focal renal hemorrhage 3 0 3 0 0 0
Ovary
-Atretic follicles 2 2 - 0 0 -
-Vacuolated corpus luteum 2 2 - 1 0 -
-Hyperplasia of interstitial cells 2 0 - 0 0 -
-Follicles of different stages of development 2 0  0 0 -
Testis
-Degeneration of spermatogoneal  - - 3 - - 1 
  cells lining seminiferous tubules
-Necrosis of germ cells - - 3 - - 0
-Intertubular edema - - 3 - - 0
-Atrophy of seminiferous tubules - - 3 - - 0
Degree of changes: (0)=no change; (1)=mild change (e.g., <25% cell damage); (2)=moderate change (e.g., 25%-50% cell damage); and (3)=severe change (e.g., >50% cell damage)



attenuate toxicity of a mixture (C, fenitrothion, and lambda cy-
halothrin) against male rats (12). 

The hepatic and renal dysfunction results (Table 2) corroborat-
ed the histopathological lesions observed in the present study 
(Table 3). Also, the results revealed the protective effect of vi-
tamin E against ACE-induced histopathological impairments in 
the liver, kidneys, ovaries, and testes of the experimental mice. 

The pattern of biochemical alterations induced by the ACE mix-
ture in the present investigation (Table 2) resembled those pre-
viously reported to be induced by individual pesticides (5-7). In 
other words, aminotransferases (AST and ALT), ALP, and MDA 
were elevated and BuChE and SOD were declined, both for 
individual pesticides and the ACE mixture, in nearly equal val-
ues. Supporting our findings, a previous study by de Castro and 
Chiorato (34) reported that the effect of combined exposure to 
methamidophos and chlorothalonil on the development of suck-
ling rats was not found to have a greater toxic effect than that of 
exposure to only one of the two insecticides.

Based on a study by Mansour and Gamet-Pyrastre (7), it was pos-
sible to assess the effect of the ACE mixture on the liver and kid-
ney biomarkers as well as on AOEs in a “quantitative manner” by: 
a) calculating the percentage of change in ACE-treated groups 
relative to that in control untreated groups, and b) estimating  the 
“amelioration Index (AI)” by comparing the results of AOEs (e.g., 
MDA, SOD, and CAT) in ACE mixture+Vit. E groups with the results 
of control groups to assess the ameliorative effect of the vitamin. 
As AI was approaching “1,” the amelioration reached a high de-
gree of normalization with respect to the control value.

According to the data presented in Table 4, the change in MDA 
activity accounted to 19.67%, 26.78%, and 27.04%, respectively, in 
dams, female pups, and male pups. In other words, the estimated 

values reflect how much deviation than normal occurred in MDA 
activity due to exposure to the mixture. Changes in MDA activity 
in the mice dams were generally less than those in the pups. 

Changes in SOD, CAT, and BuChE activities, both in mouse dams and 
their pups, can be easily depicted from the results given in Table 4. 
Generally, dams seemed to be more vulnerable to alterations in the 
abovementioned biochemical parameters than their offspring. 

The efficiency of vitamin E to alleviate the oxidative stress of the 
ACE mixture is expressed in terms of “AI” (Table 4). The AI of vit. 
E for MDA was0.85, 1.04, and 1.00, respectively, for dams, female 
pups, and male pups. The AI of vit. E for SOD, CAT, and BuChE 
ranged between 0.85 and 0.96. Values of AI approaching 1.0 in-
dicated high improvement of the biochemical parameters due to 
coadministration of vitamin E. The present results are supported 
by our previously published investigations on individual pesti-
cides of the tested ACE mixture (5-7) and revealed the ability of 
vitamin E to ameliorate the toxic effects caused by this mixture. 

CONCLUSION
This study indicates that the ACE mixture containing A, C, and E, 
each at a dose equivalent to its respective ADI value, was able 
to induce hepatorenal dysfunction and oxidative stress in lactat-
ing mice and their suckling pups, which were not directly treated 
with the mixture. The pups were more affected than the dams with 
respect to alterations in MDA and BuChE activities, whereas the 
opposite was observed with respect to SOD activities. Coadmin-
istration of vitamin E with the ACE mixture resulted in pronounced 
ameliorative effects in all the tested animals. The overall findings 
may reveal the ability of the ACE mixture to exert its toxic effects 
through breastfeeding; however, such adverse effects could be al-
leviated to a great extent by vitamin E supplementation. The find-
ings of this study may support the need to further investigate the 
adverse effects of exposure to low doses of commonly used pes-
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Table 4. Assessment of oxidative stress of the pesticide mixture and the ameliorative effect of vitamin E based on measured biochemical parameters from lactation 
experimental results

Parameter/ Mice Control (a) Mixture (b) Mixture+Vit. E (c) % of Change (d)  Amelioration Index (AI) (e)
MDA (nmol/g tissue):
Dams 81.33 97.33 69.33 19.67 0.85
Pups (F) 51.00 64.66 53.33 26.78 1.04
Pups (M) 53.00 67.33 53.33 27.04 1.00
SOD(U/g tissue):
Dams 210.66 163.33 188.33 −22.47 0.89
Pups (F) 190.33 158.66 172.66 −16.64 0.91
Pups (M) 190.66 156.66 174.33 −17.83 0.91
Catalase (µmol/min/mL) Dams
Pups (F) 397.66 236.00 340.66 −40.65 0.86
Pups (M) 384.66 228.33 330.00 −40.64 0.86
 392.00 227.66 335.00 −41.92 0.85
BuChE (U/L) in sera:
Dams 3378.66 3155.00 3253.33 −6.62 0.96
Pups (F) 1544.33 1243.33 1362.00 −19.49 0.88
Pups (M) 1487.33 1280.00 1360.33 −13.94 0.92
Data refer to Table 2 
dPercent of change=(b−a)/a×100
eAmeliorative Index (AI)=c/a



ticides and the reproductive effects on newborns. Also, the search 
for powerful antioxidants should be given special attention.
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