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Pyrethroid insecticides are extensively used in agriculture and in household activities. During pregnancy, they
might affect maternal metabolic status and there after fetal development. In this work, we studied metabolic
and redox effects of low dose alpha-cypermethrin exposure in pregnant rats and their offspring. The diet contain-
ing alpha cypermethrin at 0.02 mg/kg/day was consumed during the entire gestation. Plasma biochemical pa-
rameters as well as liver lipid and oxidative stress markers were determined.
Our results showed that alpha-cypermethrin induced an increase in bodyweight and in plasma glucose and lipid
levels, aswell as in plasma aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase activ-
ities in pregnant rats and their newborns. Pregnant rats showed cellular oxidative stress and altered oxidant-
antioxidant status when treated by the insecticide and these disturbances were also seen in their newborns.
In conclusion, low dose alpha-cypermethrin exposure induced severalmetabolic and redox alterations leading to
maternal physiological impairments and to fetal metabolic changes. Alpha-cypermethrin should be used with
caution especially during pregnancy.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Pesticides are extensively used in pest management all over the
world but they could have toxic effects on humans. Extensive applica-
tion of pesticides is usually accompanied with serious problems of pol-
lution and health hazards. Today, their numerous occupational and
domestic uses raise many questions about their deleterious health
effects. The health consequences of acute poisoning are quite well
known, but the long-term consequences of chronic exposure are not
well controlled [1].

Pyrethroids are the most commonly insecticides used in agriculture
because their high insecticidal properties and low mammalian toxicity.
However, these lipophilic compounds are characterized by tissue and
neurotoxic damages [2]. Oxidative stress by increased production of
reactive oxygen species has been implicated in the toxicity of these
insecticides.

There are two types of pyrethroids that differ in chemical structure
andwithdifferent target sites. Type I pyrethroids orNoncyanopyrethroids
affect sodium channels in nervemembranes and open them for relatively
short periods. Type II pyrethroids, containing alpha-cyano group, produce
a longer delay in sodium channel inactivation leading to a persistent
depolarization of the nerve membrane [3]. These compounds affect
erzouk).
principally the nervous system in bothmammals and insects [4]. Howev-
er, other target sites, such as calcium and chloride channels, are also in-
volved in pyrethroid toxicity.

Experimental studies reported that pyrethroids induced oxidative
damages at different doses [5]. Pyrethroids have been found to induce
mitochondrial dysfunction and oxidative stress in animal models,
resulting in both increased oxidant markers and decreased antioxidant
activities [6]. Lipid peroxidation is one of the main toxic mechanisms
of these compounds [7]. Cellular energy production by mitochondrial
ATP degradation is necessary for muscle development and brain func-
tion. Many insecticides induce dysregulation of Ca2+-mediated signal-
ing and mitochondrial reactive oxygen species (ROS) generation [8].
Toxicity of pyrethroids is alsomediated by both the dysregulation of cy-
toplasmic Ca2+ signaling and oxidative stress induction [9].

Pregnant women are exposed to pesticides through a wide variety of
sources. Although it is well known that maternal pesticide exposure will
affect the fetus, estimates of pesticide amounts used for non-agricultural
uses are not available making impossible a real assessment of maternal
and fetal toxicity. Animal studies produce findings that support the pes-
ticide adverse effects and add knowledge about themechanisms of their
toxicity. Fetal development is a dynamic process that includes changes in
morphology, anatomy, physiology, biochemistry and general growth
[10]. Exposure to various environmental chemicals (especially pesti-
cides) during developmental period is liable to give rise to congenital
defects [11]. Pyrethroid exposure during pregnancy was negatively
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related to maternal health and fetal development with possible tera-
togenecity [12]. Previous studies have considered that cypermethrin is
an endocrine-disrupting compound with adverse effects on fertility
and reproduction [13]. The neonates are more sensitive to the exposure
of pyrethroids than adults due to incomplete development of enzymes
[14]. Children of mothers who live near agricultural areas, or who are
otherwise exposed to organophosphate, pyrethroid, or carbamate pesti-
cides during gestation may be at increased risk for neurodevelopmental
disorders [15].

Cypermethrin, a synthetic pyrethroid type II, is widely used because
of its relatively low toxicity to mammals [16], although some studies
showed tissue toxicity [17]. Studies in rats showed that cypermethrin
is rapidly metabolized and over 99% eliminated within hours, but accu-
mulation of cypermethrin and its fatty acid conjugates in adipose tissue,
brain and liver was reported [18].

There are relatively few studies on gestational exposure to cyper-
methrin. One previous study reported various damages in developing
fetuses after maternal cypermethrin exposure [19]. Prenatally exposure
to mixed pesticides of cypermerthrin andmethyl parathion could cause
neural DNA damage [20].

The exposure to pesticides is not only involved in childhood-onset
conditions but also in later-life diseases (e.g., neurodegenerative).
Zhou et al. [21] found that early-life exposure of mice to pesticides led
to a later silencing in the gene (PINK1) responsible for producing a
neuro-protective peptide. At the same time these pesticides generate
excessive oxidative damage among neurons [22].

Although it is well known that pyrethroids penetrate through the
placental barriers and produce fetal toxicity [23], their effects onmater-
nalmetabolic changes are not known. Indeed, studies that used nontox-
ic, environmentally relevant doses are needed to understand maternal
metabolic effects of these insecticides. The importance of maternal met-
abolic status as a major determinant for fetal growth is well known.

Although independent studies have shown that pyrethroid exposure
is associated with increased oxidative stress, inflammation and meta-
bolic abnormalities, there are, to the best of our knowledge, no reports
in the literature of the effects of alpha-cypermethrin at non toxic dose
such as the admissible daily intake (ADI) dose on maternal metabolism
and oxidant/antioxidant balance during pregnancy and their offspring.
Consequently, the importance to establish an animal model for investi-
gation of this issue became crucial, due to ethical and methodological
limitations in human studies.

In the present study, we evaluated the chronic effects of alpha-
cypermethrin at ADI dose on biochemical and redox status in pregnant
rat and their newborns.We examinedwhether there are deleterious ef-
fects ofmaternal cypermethrin exposure during pregnancy onmaternal
and neonate metabolic status.

2. Materials and methods

2.1. Animals and experimental protocol

Adult Wistar rats were obtained from Animal Resource Centre
(Algeria). Female rats were housed in cages at a constant temperature
(25 °C) and humidity (60 ± 5%) with a 12 h light/dark cycle. The rats
had free access to water and were assigned to two dietary groups of
equal average body weight. One group (Control, n = 8 females) fed the
control diet (ONAB, Algeria). The second group (insecticide, n = 8
females) fed the control diet containing alpha-cypermethrin at
0.02 mg/kg/day (alpha-cypermethrin 90% TECH; CAS No.: 67375-30-8;
purchased from China Leading Manufacturer and supplied by INRAA,
Algeria). This dose was chosen, referring to the acceptable daily intake
(ADI) to mimic human exposure to insecticides [24]. To prepare experi-
mental diet, appropriate concentrations of alpha-cypermethrin were dis-
solved in corn oil (1mL) and added to control diet (15 g/rat) according to
the ratweight. Each dietwas analyzed for alpha-cypermethrin concentra-
tion using high-performance liquid chromatography (HPLC) to assure
that the proper dose of alpha-cypermethrin was delivered. The different
diets were consumed by the rats one month before and during the entire
gestation (21 days). The rats received 15 g of each diet every day in the
morning at 8 H, and 25 g in the afternoon. For the experimental group,
15 g of diet containing alpha-cypermethrin were given in the morning
and 25 g without the insecticide in the afternoon. This step allowed us
to deliver the proper dose to the rats. The weight and food consumption
of each animal were measured daily.

The studywas conducted in accordancewith the national guidelines
for the care and use of laboratory animals. All the experimental proto-
cols were approved by the ethical committee of the experimental ani-
mal care at Tlemcen University.
2.2. Blood and tissue samples

At parturition and after overnight fasting, rats were anaesthetized
with intraperitoneal injection of sodium pentobarbital (60 mg/kg of
bodyweight). The bloodwas drawn from the abdominal aorta into hep-
arinized tubes. At birth, newborn rats in each group (control and exper-
imental) were killed by decapitation, and blood was collected and
pooled from four animals to obtain sufficient blood samples for bio-
chemical and redox determinations.

After centrifugation, plasma was used for biochemical determina-
tions. After removal of plasma, erythrocytes were washed three times
with 2 volumes of isotonic saline. Erythrocytes were lysed with ice-
cold distilled water (1/4) and stored at 4 °C for 15 min. The cell debris
was removed by centrifugation (2000 g for 15min). Erythrocyte lysates
were assayed for oxidant and antioxidant markers.

Liver were collected, washed, weighed and immediately placed on
dry ice. An aliquot of liver tissue was homogenized in an Ultraturrax ho-
mogenizer (Bioblock Scientific) in 10 volumes of ice-cold 10 mmol/L
phosphate-buffered saline (pH 7.4) containing 1.15% KCL. After homoge-
nate centrifugation (6000 g, 4 °C, 15min), the supernatant fractionswere
collected and used for biochemical and redox marker determinations.
2.3. Biochemical analysis

Plasma glucose, cholesterol, triglyceride were measured using enzy-
matic colorimetric methods (kits from BioAssay Systems, Hayward, CA,
USA). Plasma aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT) and alkaline phosphatase (ALP) activitieswere determined by
colorimetric methods using specific kits (Randox Laboratories Ltd, Co
Antrim, UK).
2.4. Oxidant/antioxidant marker determination

Plasma vitamin C levels were estimated using Folin phenol reagent
in an acidic range of pH, after deproteinization with trichloroacetic
acid [25].

Erythrocyte catalase (EC 1.11.1.6) activitywasmeasured by spectro-
photometric analysis of the rate of H2O2 decomposition at 420 nm [26].
Erythrocyte superoxide dismutase (SOD; EC 1.15.1.1) activity wasmea-
sured by the NADPH oxidation procedure [27].

Erythrocyte and tissue reduced glutathione (GSH) levelswere assayed
by a colorimetric method based on the reduction of 5.5-dithiobis-(2-
nitrobenzoic) acid byGSH to generate 2-nitro-5-thiobenzoic acid, accord-
ing to Ellman method [28].

Erythrocyte and tissue malondialdehyde (MDA) levels, a marker of
lipid peroxidation, were measured by a method using thiobarbituric
acid (TBA) [29].

Erythrocyte and tissue carbonyl proteins (markers of protein ox-
idation) were assayed by the 2.4-dinitrophenyl hydrazine reaction
[30].



Table 2
Biochemical parameters in mothers and newborns.

Control group Insecticide group

Mothers
Glucose (mg/dL) 68.57 ± 2.30 87.58 ± 3.61**
Cholesterol (mg/dL) 95.23 ± 4.00 129.80 ± 3.86**
Triglyceride (mg/dL) 89.10 ± 2.40 120.50 ± 3.74**
ALT (IU/L) 24.11 ± 1.51 35.7 ± 1.34*
AST (IU/L) 31.21 ± 1.12 45.71 ± 1.63*
ALP (IU/L) 19.88 ± 1.10 27.68 ± 2.06*

Newborns
Glucose (mg/dL) 44.60 ± 2.56 59.84 ± 2.11*
Cholesterol (mg/dL) 50.08 ± 2.23 73.44 ± 2.54**
Triglyceride (mg/dL) 25.37 ± 1.62 42.86 ± 2.13**
ALT (IU/L) 2.32 ± 0.22 3.66 ± 0.25*
AST (IU/L) 2.45 ± 0.15 3.98 ± 0.30*
ALP (IU/L) 1.37 ± 0.12 1.40 ± 0.14

Values are presented asmeans± SD. Insecticide group: rats fed the diet containing alpha-
cypermethrin at 0.02 mg/kg/day. Values were compared by Student's t-test after variance
analysis.
Insecticide group versus control group: *P b 0.01; **P b 0.001.
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2.5. Statistical analysis

Results are expressed as means ± standard deviation (SD). All vari-
ableswere checked for normal distribution using the Shapiro–Wilk test.
After variance analysis, Student's t-test was used to compare means be-
tween control and experimental groups, for different parameters. These
calculations were performed using STATISTICA version 4.1 (STATSOFT,
Tulsa, OK).

3. Results

3.1. Characteristics of the study rats

Alpha-cypermethrin exposure caused a significant increase in body
weight, weight gain and absolute and relative liver weights in female
rats, without affecting dietary and energy intakes, pup numbers and
birth weight (Table 1). In addition, absolute and relative liver weights
in neonates of experimental rats were significantly increased compared
to control neonates.

3.2. Biochemical parameters in mothers and newborns

Alpha-cypermethrin administration resulted in significant increases
of plasma glucose, cholesterol and triglyceride concentrations com-
pared to non treated values (Table 2). Other parameters were sensitive
to the effect of insecticide which resulted in a significant increase in
plasma AST, ALT and ALP activities in both mothers and newborns.

3.3. Tissue lipid contents in mothers

Alpha-cypermethrin exposure caused a significant increase in liver
triglyceride contents inmothers and newborns, without affecting tissue
cholesterol contents (Table 3).

3.4. Plasma and erythrocyte oxidative stress markers in mothers and
newborns

Insecticide exposure induced a significant increase in erythrocyte
oxidant markers (MDA and carbonyl protein levels) and a significant
decrease in antioxidant defense markers (GSH, catalase and SOD) in
mothers and in their newborns. There was no change in plasma vitamin
C levels after insecticide administration (Figs. 1 and 2).

3.5. Tissue oxidative stress markers in mothers and newborns

Insecticide exposure induced a significant increase in maternal and
neonate liver MDA and carbonyl protein levels and a significant de-
crease in liver GSH (Fig. 3).
Table 1
Body and liver weights and dietary intake in mothers.

Control group Insecticide group

Body weight (g) 297.87 ± 17.27 361.87 ± 22.07**
Weight gain (g) 100.02 ± 12.55 160 ± 11.56*
Dietary intake (g/day) 30.45 ± 3.70 31.22 ± 2.53
Birth weight (g) 5.55 ± 0.46 5.64 ± 0.32
Pup number 8 ± 2 6 ± 3
Maternal liver weight (g) 8.52 ± 0.44 11.64 ± 0.32*
Relative maternal liver weight (%) 2.86 ± 0.06 3.24 ± 0.08*
Neonate liver weight (g) 0.42 ± 0.03 0.60 ± 0.05*
Relative neonate liver weight (%) 7.56 ± 0.54 10.63 ± 0.87*

Values are presented asmeans± SD. Insecticide group: rats fed the diet containing alpha-
cypermethrin at 0.02 mg/kg/day. Values were compared by Student's t-test after variance
analysis.
Insecticide group versus control group: *P b 0.01; **P b 0.001.
4. Discussion

Today, growing interest is given to pesticide effects during develop-
mental period. Maternal environmental variations can lead to fetal nutri-
ent availability changes and to fetal exposure to diverse chemicals causing
serious consequences in later life by permanently reprogramming the
functional capacity of organs [31].

Herein, we have evaluated the metabolic and redox effects of alpha-
cypermethrin at low dose in pregnant rats and their newborns. Our
findings showed an increase in body weight and weight gain of rats
exposed to pesticide in comparison to control non exposed rats. The sig-
nificance of increased body weight induced by low doses of alpha-
cypermethrin is not clear, but may be associated with metabolic distur-
bances [32]. In previous study, mice exposed to other pesticides, like
tolyfluanide had more weight gain, glucose intolerance and increased
insulin resistance [33]. Indeed, treatment with low doses of atrazine in-
duced insulin resistance, weight gain and low energy metabolism in
Sprague Dawley rats [34].

Our results showed increased plasma glucose, cholesterol and tri-
glyceride levels in rats exposed to alpha-cypermethrin and in their new-
borns, in concordance with previous studies using prallethrin, another
pesticide in the same chemical family [35]. Increase in glucose levels
possibly reflected increased glucose mobilization [36], reduction in in-
sulin secretion due to the destructive action of cypermethrin on the
beta cells of Langerehans islets in the pancreas [37], impairment in he-
patic function due to oxidative changes, which reduce liver ability to
glycogenesis [38], and of the stimulation of hepatic gluconeogenesis
and glycogenolysis [39].

The increase in serum cholesterol may be attributed to lipoprotein
metabolism disruption, as shown for carbamate pesticides [40]. Elevat-
ed triglyceride levels may also indicate lipid metabolism impairments.
Table 3
Liver lipid contents in mothers and newborns.

Control group Insecticide group

Mothers
Triglyceride (mg/g) 54.50 ± 3.50 91.44 ± 2.54**
Cholesterol (mg/g) 28.22 ± 4.88 25.48 ± 2.80

Newborns
Triglyceride (mg/g) 3.46 ± 0.28 5.72 ± 0.33*
Cholesterol (mg/g) 2.35 ± 0.27 2.43 ± 0.41

Values are presented asmeans± SD. Insecticide group: rats fed the diet containing alpha-
cypermethrin at 0.02 mg/kg/day. Values were compared by Student's t-test after variance
analysis.
Insecticide group versus control group: *P b 0.01; **P b 0.001.



Fig. 1. Erythrocyte oxidantmarkers inmothers and newborns. Values are presented as means± SD. Insecticide group: rats fed the diet containing alpha-cypermethrin at 0.02 mg/kg/day.
Values were compared by Student's t-test after variance analysis. Insecticide group versus control group: *P b 0.01; **P b 0.001.
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Yousef et al. [41] reported an increase in serum triglyceride values in
male rabbits exposed to cypermethrin after sixth week. An increase in
liver triglyceride levels was observed in pregnant rats exposed to
alpha-cypermethrin. These findings suggested increased fat synthesis
by the liver, as shown formetribuzin [42]. This elevationmay also be at-
tributed either to an inhibition of lipase enzyme activity in both hepatic
TG and plasma lipoproteins [43]. Sefi et al. [44] reported an elevation in
plasma total cholesterol and TG levels in pups and their mothers ex-
posed to Fenthion. In our study, despite significant differences between
control and experimental groups, plasma glucose and lipid concentra-
tions in female rats exposed to alpha-cypermethrin were in normal
Fig. 2. Plasma vitamin C and erythrocyte antioxidant markers in mothers and newborns. Val
cypermethrin at 0.02 mg/kg/day. Values were compared by Student's t-test after variance anal
range, probably due to the low dose used. However, thesemodifications
were sufficient to affect fetal biochemical concentrations.

Our results showed that alpha-cypermethrin exposure increased
plasma enzyme activities (ALT, AST, ALP) in rats. Increased serum ALT
and ALP activities suggested that alpha-cypermethrin caused hepatic
damage and that damage occurredprobably through a free radicalmech-
anism [42]. Deltametrin induced various liver histological changeswhich
caused serum ALT and AST increase [45]. ALT and AST are located in he-
patocyte cytosol; their plasmatic enhancement may be due to liver dys-
function and damage [36]. The increase of these enzyme activities in
newbornswas explained by the early programming of hepatic disorders.
ues are presented as means ± SD. Insecticide group: rats fed the diet containing alpha-
ysis. Insecticide group versus control group: *P b 0.01; **P b 0.001.



Fig. 3. Liver oxidative stressmarkers. Values are presented asmeans± SD. Insecticide group: rats fed the diet containing alpha-cypermethrin at 0.02mg/kg/day. Valueswere compared by
Student's t-test after variance analysis. Insecticide group versus control group: *P b 0.01; **P b 0.001.
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Fetoui et al. [46] and Chiali et al. [42] reported that pesticide exposure
resulted in increased oxidative stress and altered antioxidant status in
different organs. Thus, it may be proposed that cypermethrin induced
oxidative stress responsible for the degenerative changes in various or-
gans such as liver. Our results showed that treatment with alpha-
cypermethrin resulted in an imbalance between the formation and the
inactivation of reactive oxygen species. Tukhtaev et al. [47] reported
that prolonged exposure to low doses of lambda-cyhalothrin led to the
development of oxidative stress in pregnant females and their offspring.

In our study, oxidative stress was marked by high oxidative
parameters (MDA and carbonyl proteins) and low antioxidant defense
(SOD, Catalase, GSH). These findings were in agreement with previous
results showing that cypermethrin caused an elevation in serum
malondialdehyde and a decrease in the antioxidant enzymes (SOD,
CAT) [6,48]. The decrease in SOD and catalase activities and GSH levels
suggested that exposure to alpha cypermethrin may lead to excessive
free radical generation in pregnant rats. In addition, the liver was ex-
posed to oxidative stress. These free radicals might induce deterioration
of biological membranes and organ toxicity [42,49,50]. Pyrethroids are
metabolized in liver via cytochrome P450 oxidative pathways yielding
reactive oxygen species [51]. The decrease in GSH levels may be due
to either the inhibition of GSH synthesis or increased utilization of
GSH for detoxification [52]. Prasanthi et al. [5] reported that oxidative
damage, induced by pyrethroids, might be due to their lipophilicity,
whereby they could penetrate easily to cell membrane and caused
membrane lipid peroxidation. This could explain the high levels of
MDA and protein carbonyl in the liver. This oxidative state may lead
to organ damages with biochemical and physiological alterations.

Previous results indicated that cypermethrin is a potent develop-
mental toxicant [53].

Herein, our findings proved that even at low doses, alpha-
cypermethrin induced maternal oxidative stress which could lead to
fetal redox disturbances.
Ourfindings agreewith previous study inwhich hepatotoxic and ox-
idative stress were detected in mice offspring exposed prenatally to
chloropyrifos [54]. Mansour and Mossa [55] reported that lipid peroxi-
dation was significantly increased while glutathione transferase (GST)
and superoxide dismutase (SOD) were significantly decreased in treat-
ed rats compared to controls. Administration of pyrethroids to pregnant
dams enhanced oxidative stress in different regions of the brain; re-
duced catalase, superoxide dismutase, and glutathione peroxidase ac-
tivities in their newborns [56].

In conclusion, we observed that maternal exposure to low doses of
alpha-cypermethrin resulted in metabolic disorders and oxidative
stress during pregnancy. These abnormalities were also observed in
newborns. Neonate metabolic changes could have long term health
risks. Our results may be considered to estimate gestational risk associ-
ated with insecticide exposure. In the light of these observations, alpha-
cypermethrin should be used with caution during pregnancy.
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