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Abstract

Exposure to pesticides is very common world-wide, and is broadly
known the acute toxic effects to humans of pesticides following a high
dose exposure; however, knowledge about chronic low-dose adverse
effects to specific pesticides is more limited. Reproductive functions
can be affected, with birth defects, impaired fecund ability, infertility
and altered growth. This paper will focus on the deleterious effects
that may appear in the offspring, during early and later stages of life,
after prenatal exposure to insecticides, not only on women with direct
exposure but also on subjects with indirect exposure such as consumers
or residents of rural communities. Prenatal exposure to pesticides could
alter normal fetal development and could threaten future welfare. The
main changes observed in prenatal exposure to organophosphates
are alterations in the central nervous system, in the metabolic and
hormonal system as endocrine disruptor and over the birth outcomes.
Carbamates may cause developmental delay when the applications
of carbamates during pregnancy were nearby the home. Pyrethroids
are among the most frequently used pesticides and account for more
than one-third of the insecticides currently marketed in the world. For
this reason the prenatal exposition used to be for long periods causing
clinical, biochemical and neurological changes.

Introduction

Pesticides are defined as “chemical substances used to prevent,
destroy, repel or mitigate any pest ranging from insects, rodents and
weeds to microorganisms” [1]. The use of these chemicals in modern
agriculture has significantly increased productivity. But it has also
significantly increased the concentration of pesticides in food and in
our environment, with associated negative effects on human health
[2]. Exposure to pesticides is very common world-wide and is broadly
known the acute toxic effects to humans of pesticides following a
high dose exposure; however, knowledge about chronic low-dose
adverse effects to specific pesticides is more limited [3]. Acute and
delayed health effects, range from simple irritation of the skin and
eyes to general malaise and chronic and long term severe effects on
the nervous system. Reproductive functions can also be affected,
with birth defects, impaired fecund ability, infertility and altered
growth [4]. Currently, only two pesticides, arsenical insecticides and
TCOD (a dioxin) have been designated by IARC as known human
carcinogens, but many others with world-wide use are suspected
human carcinogens [1].

This paper will focus on the deleterious effects that may appear
in the offspring, during early and later stages of life, after prenatal
exposure to insecticides, not only on women with direct exposure
but also on subjects with indirect exposure such as consumers or
residents of rural communities.
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Methodology

A systematic literature search was undertaken to locate and
review research concerning the prenatal effects of pesticides. The
review was designed to answer the following questions:

Which are the main toxic effects of the most pesticides used
around the world?

How pesticides can produce these toxic effects? Which are their
modes of action?

Search strategy

The Medline, Scopus and Web of knowledge citation databases
were searched for relevant articles published between 2000-2017
using combinations of the following terms:

‘Pesticides Organophosphates Carbamates Pyrethroids ‘
p 1

renata Toxic effects Newborns Mechanism
exposure

Full-length experimental articles related to pesticides and prenatal
toxic effects were retrieved. A total number of 286 records were
obtained when combinations of all the keywords were made, and
after excluding the duplicates, the remaining articles were classified
according the main focus of each article. About literature reviews,
a total number of 390 focused on organophosphates, carbamates,
pyrethroids and toxicity were found. The abstracts of all articles were
carefully studied, and the articles reporting the mode of action and/
or prenatal toxic effects (animals and humans) of the different types
of pesticides were included. A final number of 53 studies were found
relevant that constituted the main structure of the present review.

Types of Pesticides

Pesticides can be classified by various criteria such as chemical
classes, functional groups, mode of action, and toxicity (Table 1) [5].
Sometimes are classified by the type of target pest for which they are
applied. The four major classes are those of fungicides, herbicides,
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rodenticides and insecticides [6]. Furthermore, within each class,
several potentially toxic subclasses exist, for example among
insecticides; one can find organochlorines, organophosphorus

compounds, carbamates, pyrethroids, and many other chemicals
(Table 2) [7].

Insecticides are capable of killing insects by penetrating into their
bodies via direct contact (dermal entry), oral, and/or respiratory entry
[5]. Most of the chemical insecticide in use today are neurotoxicants,
and act by poisoning the nervous system of the target organism
(Table 2) [8].

The Organochlorine Pesticides (OCPs) are considered as
persistent organic pollutants, once released in the environment, they
break down very slowly in air, water, soil and in living organisms.
As OCPs bio-magnify through the food chain, consumers of food
of animal origin such as fish, meat, milk and dairy products end
up with high levels of exposure and due to slow biodegradation,
OCPs accumulate in the body [9]. For this reason, insecticides such
as organophosphates, pyrethroids, and carbamates have become
attractive alternatives to OCPs because they do not persist in the
environment. Organophosphate pesticides are currently the most
heavily used insecticide in US agriculture whereas pyrethroids are
the most common class of pesticide used in homes [10]. However,
extensive use of these products has culminated in constant human

Table 1: Classification of pesticides [5].

a) Based on toxicity criteria. ‘
LD, for the rat (mg/kg body weight
Type Toxicity level 50 (mg/kg y weight)
Oral Dermal
la Extremely <5 <50
hazardous
Ib Highly hazardous | May-50 50-200
I Moderately 50-2000 200-2000
hazardous
. 5000 or
U Unlikely higher
b) Based on target pest
Type Pest
Algicide Algae
Avicide Birds
Bactericide Bacteria
Fungicide Fungi
Herbicide Weeds
Insecticide Insects
Miticide Mites
Molluscide Snails, slugs
Nematicide Nematodes
Piscide Fish
Rodenticide Rodents
(c) Based on the mode of formulation
Physical state Characteristics
Emulsifiable Do not require constant agitation prior to each
concentrates application
Wettable powders Require constant agitation prior to each application
Granules Obtained by mixing the active ingredient with clay
Baits Obtained by mixing the active ingredient with food
Dusts cannot be mixed with water and they must be
Dusts .
applied dry

exposure to pesticides via domestic use or the food chain [11].
In this review, we will provide an overview of the toxic effects of
these most employed insecticides over one of the most sensible
population, pregnant women and the newborn. First of all, we will
discuss mechanisms by which organophosphates, carbamates, and
pyrethroids may elicit the toxic response after the prenatal exposure
and the potential consequences of this exposition.

Impacts of Insecticides on Reproduction
Organophosphates

Organophosphorus (OP) is the general name for organic
derivatives of phosphorus. They are the most commonly used
insecticides in the world because their unstable chemical structure
leads to rapid hydrolysis and little long-term accumulation in the

Table 2: Insecticide classification. IRAC MoA classification version 8.1, April
2016.

Chemical Sub-group

Main Group and Primary Site of Action or exemplifying Active

Ingredient
1A

1 Acetylcholinesterase (AChE) inhibitors Carbamates
Nerve action 1B

Organophosphates
2A
2 GABA-gated chloride channel blockers | Cyclodiene Organochlorines
Nerve action 2B
Phenylpyrazoles (Fiproles)
3A
3 Sodium channel modulators Pyrethroids, Pyrethrins
Nerve action 3B
DDT, Methoxychlor
4A
Neonicotinoids
4B
Nicotine
4 Nicotinic acetylcholine receptor (nAChR) 4C
competitive modulators -

Nerve action Sulfoximines
4D

Butenolides
4E

Mesoionics

5 Nicotinic acetylcholine receptor (nAChR)
allosteric modulators Spinosyns

Nerve action

6 Glutamate-gated chloride channel (GluCl)
allosteric modulators
Nerve and muscle action

Avermectins, Milbemycins

9 Chordotonal organ TRPV channel
modulators
Nerve action

Pyridine azomethine
derivatives

14 Nicotinic acetylcholine receptor (nAChR)

channel blockers Nereistoxin analogues

Nerve action
19 Octopamine rece.ptor agonists Amitraz

Nerve action

. 22A

22 Voltage-dependent sodium channel -

Oxadiazines
blockers

) 22B

Nerve action

Semicarbazones

28 Ryanodine receptor modulators

Nerve and muscle action Diamides
29 Chordotonal organ Modulators - undefined
target site Flonicamid
Nerve action
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environment [12].
Toxicity mechanism
a) Inhibition of acetylcholinesterase (AChE)

The well known OP acute toxicity is initiated by inhibition of
acetylcholinesterase (AChE). This enzyme is classed as a B esterase
whose major role is the hydrolysis of acetylcholine (ACh). ACh
is a major neurotransmitter in the peripheral and central nerve
system. This inhibition disrupts the ability of the enzyme to bind to
its normal substrate with the subsequent accumulation of ACh at
nerve endings [13,14]. Consequently, an overstimulation followed
by desensitization of muscarinic and nicotinic ACh receptors occurs.
Inhibition of AChE occurs after phosphorylation of hydroxyl group
at serine at the active site of the enzyme. Depending on the degree of
AChE inhibition, cholinergic stimulation may lead to hyperactivity of
excitable tissues, causing fasciculation, seizures, convulsions, severe
muscle paralysis, hypersecretion from secretory glands, respiratory
failure, coma, and death [15,16].

Based on systematic investigations of the relationship between
chemical structure and inhibition of AChE, it is apparent that the
single most important property required in an organophosphate for
anticholinesterase activity is chemical reactivity. Structure-activity
studies have revealed a direct relationship between anticholinesterase
activity and reactivity of the phosphorus atom [17]. Thus the most
important properties required for anticholinesterase activity are (1)
the steric properties to diffuse into the active site gorge and form a
stable enzyme-inhibitor complex and (2) sufficient reactivity of the
reaction center, phosphorus, to accept a nucleophilic attack from the
serine hydroxyl in the active site [18].

Aside from the inhibition of AChE, certain OPs can cause
another type of toxicity called Organophosphate Induced Delayed
Polyneuropathy (OPIDP). It is characterized by degeneration of long
axons in the central and peripheral nervous system and consequent
ataxia and paralysis that appear about 2-3 weeks after exposure or
later [19]. OPIDP is initiated by phosphorylation and subsequent
aging of >70% of the functional Neuropathy Target Esterase (NTE).
NTE may have important functions during brain development
through involvement in cell-signaling pathways between neurons
and glial cells [16].

b) Oxidative stress and apoptosis

As it has been said above, the main target of action for OP is the
inhibition of AChE; but it has also postulated that both acute and
chronic exposures to these compounds alter the redox processes and
thus induce oxidative stress [20].

Pesticides are known to disturb oxidative homeostasis
through direct or indirect pathways, including mitochondrial or
extramitochondrial production of free radicals, thiol oxidation, and
depletion of cellular antioxidant reservoirs [21]. Pesticide damage
is generated by the imbalance between Reactive Oxygen Species
(ROS) production and elimination [22]. ROS may be produced as the
result of the metabolism of organophosphates by cytochrome P450s
by addition of one atom of molecular oxygen into the molecule by
an electron transport pathway. The OP change normal antioxidant
homeostasis resulting in antioxidant depletion [23].

Additionally, disrupting effects of organophosphates on glucose
homeostasis have been reportedly linked to oxidative [21]. Glucose is
the source of reducing equivalents (NADH, NADPH, and GSH etc.)
which are involved in the recycling of oxidized cellular antioxidants.
On the other hand, hyperglycemia increases non-enzymatic glycation
leading to the formation of advanced glycation end products (AGEs),
which alter structure and functions of proteins, which activate specific
membrane receptors called receptors of advanced glycation end
products (RAGE) and induce an intracellular oxidative stress. When
ROS levels exceed the scavenging capacity of the body, mitochondria
will swell with permeability changes. It has been reported that
exposure to OPs causes mitochondrial damages and the cytochrome
c is released into the cytoplasm, and the caspase cascade is activated,
which lead to apoptosis [22].

¢) Endocrine disruptors

Most endocrine disrupting pesticides mimic estrogen function
by acting as a ligand for receptor, converting other steroids to active
estrogen or increasing the expression of estrogen responsive genes as
shown by some organochlorines, organophosphates, carbamates, and
pyrethroids [21]. These pesticides can affect the endocrine system in
any stage of hormonal regulation, from synthesis to hormone receptor
binding, resulting in reproductive and developmental adverse effects
[24,25]. Thus, results reported by Walsh et al. showed that dimethoate
inhibited steroidogenesis in both a dose- and time-dependent manner
by blocking transcription of the Steroidogenic Acute Regulatory
(StAR) gene [26]. Other OPs are capable of interfering with the
endocrine function by inhibiting the binding of thyroid hormones
to their corresponding receptors. OPs such as chlorpyrifos are also
able to inhibit adrenal steroidogenesis, thus affecting the hormonal
status [21,24].

Prenatal exposure and its consequences for the new born

In utero exposure is the first point of contact with environmental
xenobiotics that may affect the maternal-placental-fetal balance [27].
This is believed to be the critical exposure period to OP insect ides
for human neurological development and is, by definition, the only
relevant exposure period for birth outcomes [28].

a) Effects in the central nervous system

Prenatal exposure causes disruption in brain development, leading
to behavioral deficits, impaired cognitive and motor functions, and
alterations in the cholinergic system that affects learning and memory
processes [29]. Thus, Young et al. assess the relationship between in
utero and early postnatal OP exposure and neonatal neurobehavior
in humans, as measured by seven clusters (habituation, orientation,
motor performance, range of state, regulation of state, autonomic
stability, and reflex) on the Brazelton Neonatal Behavioral Assessment
Scale (BNBAS) [30]. Exposure to OP pesticides was determined by
urinary levels of Dialkylphosphate (DAP) metabolites, including
dimethyl and diethylphosphate metabolites. The relationship between
exposure and BNBAS performance was examined by the median
age at assessment, 3 days. Results are suggestive of a detrimental
impact of in utero OP exposure, as measured by total DAP, on reflex
functioning, particularly in those infants assessed after 3 days of life.
Specifically, the most common primitive reflexes rated as abnormal
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included: rooting (23%), passive resistance-legs (39%), walking
(25%), incurvation (40%), and Moro reflex (18%).

b) Metabolic and hormonal alterations

Pesticides can cause endocrine disruption, either by direct
interaction with receptors or alteration of the enzymes involved in
steroid hormone synthesis and metabolism. They can potentially alter
hormone concentrations in blood and tissues [27]. Thus, Usmani et
al. observed that OP pesticides were very potent inhibitors of the
production of the primary metabolites of CYP3A4 and inhibited
major testosterone metabolites noncompetitively and irreversibly
[31]. Furthermore, OP components are to affect the male reproductive
system by such mechanisms as reduction of sperm activities,
inhibition of spermatogenesis, reduction of testis weights, damaging
sperm DNA, and increasing abnormal sperm morphology [5]. An
increased level of FSH accompanying a decreased level of inhibin B,
testosterone, LH, and Free Androgen Index (FAI) in association with
exposure to some OP insecticides [21].

¢) Effects over the birth outcomes

It has been proved the association between OP exposure
and birth outcomes, suggesting a decrease in birth weight and
head circumference in newborns born from mothers with low
PONI activity that were exposed to OP pesticides [32]. Also has
been observed a fairly consistent adverse association of in utero
organophosphate pesticide exposure with gestational duration.
These associations with gestational age may be biologically plausible
given that organophosphate pesticides depress cholinesterase and
acetylcholine stimulates contraction of the uterus [33].

Carbamates
Toxicity mechanism

The inhibition of AChE by a carbamate insecticide occurs by
a mechanism virtually identical to that described earlier for an
organophosphorus ester [17]. As with organophosphates, the signs
and symptoms are based on excessive cholinergic stimulation.
Unlike organophosphate poisoning, carbamate poisonings tend
to be of shorter duration because the inhibition of nervous tissue
acetylcholinesterase is reversible, and carbamates are more rapidly
metabolized [34].

Prenatal exposure and its consequences for the new born

The study of the carbamate exposure in pregnant women is
usually made in association with other pesticides more used as
organophosphates and pyrethroids. And the results obtained
are often due to these last more than to the carbamates. Thus, the
carbamate exposure of the pregnant women was studied by Forde et
al. [35]. The evaluation of this exposition was made by looking for
the presence of two carbamate metabolites (propoxur metabolite,
2-Isopropoxyphenol (2-IPP) and carbofuranphenol). Results showed
very low or no existent level of these metabolites throughout the
ten Caribbean countries sampled in this study. On the other hand,
Carmichael et al. studied the relationship between residential
agricultural pesticide exposures (including carbamates) and risks of
selected birth defectsamong offspring [36]. Results of this study did not
indicate strong associations of the studied birth defects with residential

proximity to agricultural pesticide applications, even though risk for
birth defects within an area of high pesticide use was investigated. In
a previous study, Sheldon et al. tried to relate neurodevelopmental
disorders and prenatal residential proximity to agricultural pesticides
(organophophates, organochlorines, pyrethroids, and carbamates)
[37]. The main relationships were detected between organophophates,
organochlorines, and pyrethroids. Only when the applications of
carbamates during pregnancy were nearby the home it was suggested
an association between these pesticides and developmental delay.

In spite of the lack of results about the reproductive toxicity of
carbamates in human, there are authors that have studied the main
toxic effects in offsprings when pregnant rats were exposed to the
most used carbamates pesticides. Thus, Mishra et al. studied the effects
of carbofuran, a carbamate pesticide, in rat offspring, after a chronic
gestational exposure [38]. Results showed a decreased neurogenesis,
altered neuronal and glial differentiation, increased cell death in
the hippocampus, and cognitive impairments in rat offspring. The
observed decrease in neurogenesis in the present study can be a
result of reduction in the proliferation rate, decreased survival and
maturation of newborn neurons, altered cellular fate specification,
or a combination of all three effects. A later study with carbosulfan
showed that this carbamate also affect the neurogenesis and synaptic
development in rat offspring after exposure during the embryonic
period. A dose dependent reduction in body weight was observed in
pups exposed to carbosulfan. Also showed a decrease in their surface
righting reflex compared with the control. In the negative geotaxis
paradigm, control animals turned the 45° slope rapidly. However,
pups exhibited a statistically significant delay in re-orientation on
exposure to increasing doses of carbosulfan. Moreover, levels of
MDA and protein carbonyl were elevated in the carbosulfan exposed
pups compared with the control and while exposure to this carbamate
dose dependently produced a decline in the levels of AChE [39].

Pyrethroids

Owing to their relatively low toxicity to mammals in contrast to
organophosphorus insecticides, synthetic pyrethroids are among the
most frequently used pesticides and account for more than one-third
of the insecticides currently marketed in the world [40]. The first
pyrethroid pesticide, allethrin, was identified in 1949. Its structure
and those of other pyrethroids with the basic cyclopropane carboxylic
ester structure were called type I pyrethroids. The insecticidal activity
of synthetic pyrethroids was enhanced further by the addition of a
cyano group at the benzylic carbon atom to give a-cyano (type II)
pyrethroids such as cyphenothrin and cypermethrin [41].

The reported toxic effects of pyrethroids include neurotoxicity,
skin contact toxicity, respiratory toxicity and reproductive system
toxicity [40]. Type I pyrethroids effects typically include rapid onset
of aggressive behavior and increased sensitivity to external stimuli,
followed by fine tremor, prostration with coarse whole body tremor,
elevated body temperature, coma, and death. The term T-syndrome
(from tremor) has been applied to Type I responses. Type II effects are
usually characterized by pawing and burrowing behavior, followed
by profuse salivation, increased startle response, abnormal hindlimb
movements, and coarse whole body tremors that progress to sinuous
writhing (choreoathetosis). Clonic seizures may be observed prior to
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death. Body temperature usually is not increased, but may decrease.
The term CS-syndrome (from choreoathetosis and salivation) has
been applied to Type II responses [42].

Mechanisms of action
a) Effects on sodium channels

The mechanisms by which pyrethroids alone are toxic are
complex and become more complicated when they are coformulated
with piperonyl butoxide, an organophosphorus insecticide, or both,
as these compounds inhibit pyrethroid metabolism.

The main effects of pyrethroids are on sodium and chloride
channels. As a result, excitable (nerve and muscle) cells are the
principal targets of pyrethroid toxicity, which is manifest as
disordered function rather than structural damage [41]. Pyrethroids
slowed Voltage-Gated Sodium Channels (VGSC) activation leading
to a decrease in peak Na+ current. Pyrethroids slowed VGSC
inactivation and deactivation leading to a prolonged VGSC open
time. Type II pyrethroids prolonged channel open time more than
type I pyrethroids. The longer channel open time results in more Na+
entering the cell leading to hyperexcitability with type I pyrethroids,
membrane depolarization and conduction block with type II
pyrethroids. Even though not every VGSC is altered by pyrethroids,
modification of a small percentage of VGSCs can increase Na+
current substantially [43,44]. This is so-called sodium ‘tail current’. If
a sodium tail current is sufficient to hold the cell membrane potential
above threshold, an abnormally early second action potential will
occur and a repetitive strain of action potentials can be triggered. This
is the likely mechanism underlying pyrethroid- induced paraesthesiae.
Despite the presence of tail currents, cells may continue to function,
albeit at an abnormally high level of excitation. However, there may
come a point when they cannot sustain function at this level and
what has been termed ‘conduction block’ results. Conduction block
may be induced by exposure to high concentrations of either type II
pyrethroids (when the sodium cannel is kept open unduly long) or
type I pyrethroids (when a large amplitude tail current is produced)
[41].

Thus, it can be said that for the Type I and Type II structural
subclasses of pyrethroids, qualitative differences in sodium channel
modification are generally correlated with the production of different
intoxication syndromes, suggesting that actions on sodium channels
are sufficient to account for the acute toxicity of this insecticide class
[45].

b) Effects on chloride channel

One additional target of type II pyrethroids is the membrane
chloride ion cannel. The voltage-gated chloride channel was then
proposed as a target and for deltamethrin at least, this does appear
to be sufficiently sensitive. Indeed it is possible to antagonize
both the salivation and choreoathetosis, which are the prominent
characteristics of type II pyrethroid poisoning, with chloride channel
agonists [46]. At relatively high concentrations, pyrethroids can also
act on GABA-gated chloride channels, which may contribute to the
seizures seen in severe type II poisoning [41].

¢) Endocrine disruptor

In spite of several epidemiological studies have linked
environmental exposure to pyrethroids to alterations of the
reproductive health of adult male subjects, Saillenfait et al. showed
in a systematic review that several in vitro screen studies suggest that
certain pyrethroids may have the potential to affect the estrogenic
and androgenic pathways, but available data do not provide evidence
for strong interactions. It has been proposed that the biphenyl
ether moieties shared by several pyrethroids (e.g. cypermethrin,
deltamethrin, esfenvalerate, permethrin) may play a role in their
interaction with the hormone receptors [47].

Prenatal exposure and its consequences for the new born

New born babies and children are often exposed to pyrethroids
for long periods by the use of liquid vaporizers. Occupational and
experimental studies indicate that pyrethroids can cause clinical,
biochemical and neurological changes, and that exposure to
pyrethroids during organogenesis and early developmental period is
especially harmful [48].

a) Effects in the central nervous system

The effect of exposure of rat pups during early developmental
stages to pyrethroids on Blood-Brain Barrier (BBB) permeability was
investigated by Sinha et al. [48]. Results indicated, that inhalation
of pyrethroids during early life may lead to adverse effect on infants
causing significant abnormalities affecting the CNS by breaching the
BBB. The damage was more during postnatal and perinatal exposures
than during the prenatal exposure. In the latter case, the blood-
placental barrier is formed/developed which limits the availability of
the pyrethroid. A later study, showed the effects of prenatal exposure
to permethrin on the development of cerebral arteries in fetal brains,
neurotransmitter in neonatal brains, and locomotor activities in
offspring mice. This exposition in utero caused fetal brain vascular
malformations and changes in motor behavior in adult mice [49].

b) Epidemiological studies

Several epidemiologic studies have been performed. Thus, Qi
et al. showed that prenatal exposure to elevated levels of pyrethroid
pesticides was associated with reduced neurodevelopment of infants
from somewhere of Jiangsu Province (China) [50]. Other authors
have been measured pyrethroid metabolites in biological samples,
thus, Dewailly et al. demonstrated an extensive use of pyrethroid
compounds such as permethrin and cypermethrin in Caribbean
households measuring its metabolites concentrations in Caribbean
pregnant women urine [51]. Berton et al. analyzed 171 meconium
samples collected in the Picardie region of northern France looking
for pesticides and its metabolites [52]. The pyrethroids cypermethrin
and cyfluthrin were detected in only 11 and 3 samples, respectively,
but were present at high concentrations than the other studied
pesticides. The high concentrations observed in some samples may
suggest direct exposure of the mother through use at home or in the
workplace.

Prenatal exposure to pyrethroid insecticides and birth outcomes
were studied in Rural Northern China by Ding et al. [53]. No
associations were found between individual or total metabolite
levels and birth length, head circumference, or gestational duration,
however, an adverse association of prenatal exposure to pyrethroids
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as measured by urinary metabolites with birth weight was reported.
On the other hand, associations of birth defects with residential
proximity to commercial agricultural pesticide applications in
California were made. Most of the individual pesticides were not
associated with increased risk. Pyrethroids only were associated with
craniosynostosis, but this result should be interpreted with caution
given the novelty of this investigation and potential false positive due
to multiple testing [36].

Conclusion

In summary, organophosphates, carbamates and pyrethroids
are less persistent in nature than organochlorine pesticides but even
though they are not safe for humans exposed to small concentrations
but along their life. Nowadays there is a growing trend for reducing
the use of organophosphates pesticides and replaced by carbamates
and pyrethroids, due its toxic effects. The main route of exposure is
through diet but this exposition increase when people are living in
rural areas near of cultures. Pregnant women are risk population and
it has been proved the toxic effects of organophosphates, carbamates
and pyrethroids in offsprings. Thus, organophosphates, causes
disruption in brain development, leading to behavioral deficits,
impaired cognitive and motor functions, and alterations in the
cholinergic system that affects learning and memory processes. The
carbamate exposure in pregnant women is usually made in association
with other pesticides. There is a lack of results about the reproductive
toxicity of carbamates in human. The epidemiological studies made
only associate adverse effects in offspring when the applications of
carbamates during pregnancy were nearby the home. New born
babies and children are often exposed to pyrethroids for long periods
by the use of liquid vaporizers at home. This exposition can cause
clinical, biochemical and neurological changes, being especially
harmful if that exposure to pyrethroids is during organogenesis and
early developmental period.
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