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Gestational Exposure to Cadmium and Dimethoate
Mixture Modifies Fetal Programming in Rats During
Development
F. Anselmo, D. F. Horta, A. F. Godinho

ABSTRACT
The combined effects of environmental agents, as metals and pesticides,
on human health, need be evaluated because human exposition occurs
generally through mixtures, while regulatory assessment of
neurotoxicity by these compounds is currently performed only on
selected single substances. In the present study the effects of maternal
exposure to 10 mg cadmium/l (as cadmium acetate) in drinking water
and dimethoate 4 mg/kg (via gavage) during gestation on the
development of motor activity (locomotion and motor coordination) and
social behavior (anxiety-like behavior and aggressivity) were studied.
The importance of the cholinergic system in the modulation of behaviors
was studied using acetylcholinesterase (AChE) activity as a biomarker
of effect. Cadmium (Cd) and dimethoate (DM) single exposition
modified fetal programing for motor activity and social behavior at
childhood and adulthood and leads to disturbs of the AChE activity.
Exposition to the mixture of Cd and DM enhanced effects on fetal
programing and AChE activity. The present results provide, for the ﬁrst
time, direct experimental evidence supporting that joint exposure to
cadmium and dimethoate in uterus of rats seems additive and it is
perturbs offspring development leading to harmful consequences on
motor activity and social behavior, probably related to modulation of
the cholinergic system. Our data suggest that added precautions
regarding gestational exposure to metals and pesticide mixtures would
be prudent to avoid the possibility of fetal programming.
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I. INTRODUCTION
In the last decades relevant progress has been made in the
study of relation between environmental contaminants and
adverse effects in human health. Metals and
organophosphate insecticides are two classes of
environmental emerging contaminants that have been
causing concerns about risk evaluation in public health.
Cadmium and dimethoate are important compounds of these
classes due to increased rate of production, utilization and
liberation for the environment. In recent years, these
compounds are being individually studied and their actions
on neurobehavioral activity have been reported in the
current literature.
Cadmium is a metal toxicologically important because its
organism half-life is 10-30 years mainly because of its low
excretion rate from the body. Humans can be easily exposed
to it through contaminated environment, occupational
activities, and socially by smoking. Therefore, prolonged
exposure to it has been linked to many toxic effects since it
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accumulates over time in a variety of structures including
kidney, liver, and central nervous system (CNS) [1].
Previous studies have shown that Cd administration cause
motor hyperactivity [2], [3] increased aggressive behavior
[4], and affects anxiety-like behavior [5], [6]. Effects of Cd
in young and adult offspring of mothers exposed during
pregnancy are still not clear according literature. It was
demonstrated that low-level environmental cadmium
exposure is associated with DNA hypomethylation in
Argentinean women [7] and Cd exposure during
embryogenesis causes embryo toxicity and long-term effects
[8]. According to results by [3] Cd-related neurobehavioural
effects during development may be a more sensitive
parameter for Cd toxicity than renal dysfunction.
Dimethoate insecticide belongs to a class of nonpersistent pesticides, the organophosphates, which has its
widespread use in many countries, to control wide variety of
crop insects and flies in the external and domestic
environments. Thus, human exposure to it can result from
environmental, occupational, or accidental exposure [9].
Similarly to Cd, various studies have suggested that
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exposure to organophosphate insecticides, including DM,
are associated with increased anxiety [10] and damage of
motor activity and performance [11]. Interestingly, these
effects are associated with inhibition of the AChE enzyme
since organophosphate insecticides are classic inhibitors of
this enzyme [12] although other environmental agents, such
as Cd for example, also inhibit their activity [13].
Cholinergic system plays important roles during
development besides sustaining or modulating different
aspects of CNS activity. The neurotransmitter acetylcholine
(ACh) play an important role in many functions of both the
central and peripheral nervous systems [14]. As Cd and DM
can cause changes in AChE activity [12], [13], [15], [16] a
good tool for better understand a relation between
neurobehavioural effects by Cd and DM and altered
cholinergic neurotransmission, would be to study the AChE
enzyme, which is a selective biochemical biomarker of
effect for the cholinergic system [17].
Recent findings indicate that many diseases occurring in
young and adult ages may be associated with environmental
factors during fetal life, as a consequence of metabolic
plasticity of organisms in this period [18], [19]. These
findings raise concerns, because the brain of mammals is
particularly sensitive during individual development [20],
[21]. Thus, environmental and food contaminants can reach
the fetus and reprogram changes in central nervous system
development of offspring which in turn may lead to an
increased risk of dysfunctions in the long term or even
permanently [22], [23].
Most environmental chemical exposures involve multiple
rather than single chemicals and it is rarely possible to
predict when and what kind of interactions will occur from
multiple chemical exposures, especially when combining
chemicals with different mechanisms of action. The
combined effects of chemical agents, as heavy metals and
pesticides, on human health, need be evaluated because
human exposition occurs generally through mixtures, while
regulatory assessment of neurotoxicity by these compounds
is currently performed only on selected single substances.
Despite exist several literature reports about behavioral
effects of Cd and DM individually, there is only one
published study of our laboratory regarding Cd and DM
combined toxicity on offspring development, in the short
and long term, using low doses of these chemicals showing
that this mixture affected memory in the offspring [24].
Currently there is a great concern about some of the
contemporary neurological diseases such as Parkinson's and
Alzheimer's, because they include different types of
cognitive, motors, emotional, and social behavioral
components, and already exists a body of evidences of that
these neurobehavioral components in these diseases may
have been related or influenced by environmental agents
[25]-[28]. These findings and the lack of systematic studies
enhance the necessity of research on mixtures of
environmental agents of type metal and pesticide.
Therefore, the aim of the present study was to assess
motor activity and social behavior during development of
rats offspring exposed to cadmium and dimethoate mixture
in the gestational period, and to assess the importance of the
cholinergic system in the modulation of these behaviors,
using AChE activity as a biomarker of effect.
DOI: http://dx.doi.org/10.24018/ejmed.2020.2.5.436

II. MATERIAL AND METHODS
A. Animals and experimental design
All procedures for animal experimentation were approved
by the Ethics Committee (protocol nº 606/2014),
Biosciences Institute of Botucatu, São Paulo State
University, which is complied with international guidelines
for the use of experimental animals.
For experiments male and female Wistar rats were
obtained from the colony housed at the São Paulo State
University and kept in standard rat cages (maximum of four
animals per cage) and maintained at 21±2 °C, on a 12 h
light/dark cycle, and were given free access to water and rat
chow, until animals reach 80 day old.
Mating was performed by placing, in the same cage, three
females with a male. Females were considered fertilized
when sperm were observed in vaginal secretion (considered
the zero day of pregnancy). For treatments, sixty pregnant
females were divided into four experimental groups (N=15)
and received, during gestational period, one of the following
treatments: filtered water plus 0,3 ml saline, via gavage
(control); cadmium acetate in filtered drinking water,
10 mg/l Cd (Sigma-Aldrich of Brazil); dimethoate, via
gavage, 4 mg/kg (Sigma-Aldrich of Brazil); cadmium plus
dimethoate.
Doses of the compounds studied were selected based in
previous literature findings. The Cd dose of 10 mg/l was
chosen based in Antonio et al. [13] which demonstrated that
this dose decreased AChE activity in 21 days old offspring
without causing any apparent toxic effects in mothers. The
DM dose of 4mg/kg was chosen based in Srivastava and
Raizada [29] which demonstrated that none toxic effect in
pregnant females were observed up to doses of 30 mg/kg.
Pregnant females were evaluated weekly during gestation
period for: body weight gain, liquid and food intake, and
clinical signs (convulsion, tremors, death), and behavior
(aggression, nest formation and maintenance of puppies in
it, handling and treatment of puppies). In the 20° day
gestation was determined their levels of Cd and DM in
blood.
At birth pups were observed for number of
pups/sex/mother, eventually the number of live/dead pups,
the average weight, and changes in the macroscopic physical
integrity. Then, pups were adjusted to six male per mother
(female pups were used only to complete each litter to six
pups, when necessary).
After weaning, motor activity, social behavior, and brain
AChE activity were performed in the 30 and 80 post natal
day (PND30 and PND80). For assessments one single pup
chosen at random from each litter, to obviate possible
biasing effects due to genetic homogeneity within litters,
were grouped per treatment group.
B. Assessment of motor activity
Assess of motor coordination using hole-board (HB):
Motor coordination were evaluated using the apparatus
described in [30] which consists of a square box
(28×28×20 cm), taking the ﬂoor painted white and
containing 81 holes of 2 cm diameter by 1 cm deep
(arrangement of 9×9). An acrylic lid covers the box to allow
viewing and/or ﬁlming inside the box. For each animal, the
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motor coordination was evaluated during 5 min, according
to the number of times the animals leg disappeared into a
hole (paw-dip number).
Assess of spontaneous locomotor activity using open
field arena (OF):
Spontaneous locomotor activity in OF was assessed
according to the methodology described in Trombini et al.
[31]. Quickly, apparatus consist of a wood box measuring
97 x 32.5 cm (diameter x height). This was divided into
three concentric circles, which were subdivided by painted
black lines into 18 similar spaces. For locomotor activity
observations, each rat was placed on center of the arena and
for the next 3 min was scored ambulation frequency
(number of ﬂoor units entered with the four paws).
C. Assessment of social behaviors
Assess of anxiety-like behavior using OF and elevated
plus maze (EPM):
For observations in OF, each rat was placed on center of
the arena and for the next 3 min was recorded the latency
time to first passage and the number of total crossings by the
center of arena.
The EPM task was conducted according methodology
validated by Pellow and File [32] for the study of anxiolytic
and anxiogenic drugs in rats, as described previously [31]
and was assessed using an apparatus consisting of two open
and two enclosed arms of equal length and width (50 x 10
cm). The EPM task is based on the principle that exposure
to an elevated and open arm maze leads to an approach
conflict that is considerably stronger than that evoked by
exposure to an enclosed maze arm. Thus, the percentage of
total entries and time spent in closed arms provides a
measure of anxiety or fear-induced inhibition of normal
exploratory activity.
All apparatus (HB, OF, and EPM) used in behavioral tests
were carefully cleaned with 5% ethanol before each rat was
introduced, to remove traces of the previous animal.
Aggressive behavior:
This study used a model of aggression based on the
resident-intruder paradigm [33]. This method allows the
observation of social interaction and offensive behavior of
the resident animal as well as the intruders defensive
elements by reﬂecting intraspeciﬁc aggression [34]. The
resident/intruder paradigm is a good predictive test for
validating human aggression [35] and has the advantage of
detecting even mild aggression involving minimal injury to
the animals. To perform the test, resident animals were
housed individually throughout the treatment period and
evaluations. Intruder animals were housed grouped in cages,
received no treatment and were used only once a day for the
experiment and never returned to the same resident animal.
Residents were housed one animal per cage and treated for 4
weeks. During this period their cages were not washed or
exchanged, and during the last week the bedding in their
cages was not changed. To assess aggression, an intruder
animal was placed in the cage of a resident animal and their
interaction for 900 s (15 min) was recorded in tape.
Recordings were later evaluated for the following observed
parameters: latency to the ﬁrst bite (LB, seconds), total
number of attacks (NA), total duration of attack
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manifestations (DAM, seconds, including explosions of bite,
lateral threats, maintenance of his paws over the other
animal, and more intense grooming). The home territory
defended by residents was the cage each animal since the
ﬁrst day of the experiment.
All tasks assessed in the present study were filmed for
posterior quantification of parameters assessed.
D. Biochemical assay
Cadmium and dimethoate dosage:
Exposition of mothers to Cd and DM was confirmed
through dosage in blood in the 20º gestation day. Dosage of
Cd and DM in brain of pups was realized at PND30 and
PND80. Cd dosage used atomic absorption spectrometry,
according Roberts & Clark [36], and DM dosage used gas
chromatography, according Van der Hoff & Van Zoonen
[37].
Acetylcholinesterase dosage:
After behavioral testing the animals were anesthetized
using a 1:1 solution of 10% ketamine hydrochloride
(Dopalen® Ceva, Brazil) and 2% xylazine hydrochloride
(Anasedan® Ceva, Brazil) and then they were decapitated,
the brain was removed, separated sagittally into two halves,
and the left half was used for measurement of brain
acetylcholinesterase activity. The brain tissue was
homogenized, and a sample of the brain homogenate was
used for spectrophotometric dosage (Spectrophotometer
Ultrospec 2000 - Pharmacia Biotech) of AChE activity
(Biotech kit – Brazil).
E. Statistical analysis
Results obtained were analyzed using GraphPad Instat
Software (San Diego, California, USA). Data were
compared by the two-way analysis of variance (ANOVA); a
Tukey-Kramer post hoc test was used for comparisons
between means when ANOVA was significant at p<0.05
level [38]. Values in figures and tables are presented as
mean ± standard error of the mean (S.E.M.).
III. RESULTS
Mothers receiving Cd or DM not presented alterations of
body weight gain, liquid and food intake, or clinical signs
(tremors, convulsion, death), or altered behavior (data not
shown).
Compared to the control group, in the treated groups there
was no change in the pups weight at birth, number of pups
per mother, as well as the sex of the pups per mother and the
number of live and dead pups.
Table I shows the levels of Cd and DM in mothers in the
20º gestation day confirming their exposition, and the result
of Cd and DM dosage in brain of offsprings. It is possible to
observe that while the DM was not detected in offspring at
PND30 and PND80, the Cd was present in the animals in
both, juvenile and adult age.
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TABLE I: CONCENTRATION OF CD AND DM IN BLOOD OF MOTHERS IN THE 20º GESTATION DAY (N=5 ANIMALS/GROUP)
AND IN THE BRAIN OF OFFSPRING (N=10 ANIMALS/GROUP)
Mothers
Offspring (brain)
Group
(blood)
PND30
PND80
of treatment
Cd
DM
Cd
DM
Cd
DM
(µg/mL)
(µg/L)
(µg/g)
(µg/g)
(µg/g)
(µg/g)
Ct
ND
ND
ND
ND
ND
ND
Cd
0.05±0.005*
ND
0.10±0.01*
ND
0.04±0.005*
ND
DM
ND
50.2±5.50*
ND
ND
ND
ND
Cd+DM
0.06±0.002*
50.8±3.41*
0.11±0.009*
ND
0.05±0,007*
ND
Ct=control; Cd=cadmium; DM=dimethoate; Cd+DM=cadmium+dimethoate. Values express the mean ± S.E.M.
(ANOVA). ND= not detected, *p<0.05 vs. Ct.

A. Motor activity evaluation
Figure 1 A shows that exposition to Cd or DM single not
altered motor coordination but when were administered in
conjunct increased the paw-dip number indicating a
decrease of the motor coordination in both PND30 and
PND80. These results are characteristic of motor effect early
and permanent on offspring. Figure 1 B shows that the
treatments not modified spontaneous locomotor activity at
PND30 or PND80.
A
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Fig. 1. Assessment of motor coordination in HB (A) and spontaneous
locomotor activity in OF (B), in offspring at PND30 and PND80. (N=10
animals/group). Ct=control; Cd=cadmium; DM=dimethoate;
Cd+DM=cadmium+dimethoate. Values express the mean ± S.E.M.
(ANOVA). *p<0.05 vs. Ct.

B. Social behaviors evaluation
Figure 2 shows that exposition to Cd or DM single not
altered the time spent (A) and total entries (B) in closed
arms but when were administered in conjunct caused an
increase in the time spent (A) and in total entries (B) in
closed arms at PND30. Already in PND80 while exposition
only to Cd not modified the time spent (A) nor the total
entries (B) in closed arms, exposition to DM and Cd+DM
increased the time spent (A) and the total entries (B) in
DOI: http://dx.doi.org/10.24018/ejmed.2020.2.5.436

T o t a l e n t r ie s in c lo s e d a r m s ( % )

P a w - d ip n u m b e r

Ct

closed arms. These results are suggestive of an anxiogenic
effect by DM single or Cd and DM in conjunct. Here, results
also indicate effect early and permanent on offspring.
Figure 3 shows that exposition to Cd and DM both single
and in conjunct did not change the latency to the first bite
(A) nor the total number of attacks (B) at PND30. Also is
showed in the Fig. 3 that the total duration of attack
manifestations was not changed by all treatments at PND30
and PND80. But, at PND80 the latency to the first bite was
decrease and the total number of attacks was increased by
Cd and DM exposure in conjunct. These results are
suggestive of a late effect on the aggressive behavior.
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Fig. 2. Assessment of anxiety-like behavior in EPM through the
percentage of time spent (A) and of total entries (B) in closed arms, in
offspring at PND30 and PND80. (N=10 animals/group). Ct=control;
Cd=cadmium; DM=dimethoate; Cd+DM=cadmium+dimethoate. Values
express the mean ± S.E.M. (ANOVA), *p<0.05 vs. Ct.

C. Acetylcholinesterase activity
Figure 4 shows that exposition to Cd and DM both single
and in conjunct decreased the AChE activity in brain of
offspring's at PND30 but not at PND80 although exposition
to Cd and DM in conjunct had caused a decrease not
significant of 21% at PND80. Also, it is possible to observe
Vol 2 | Issue 5 | September 2020
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in Fig. 4 that the decrease of the AChE activity by
exposition to the Cd and DM in conjunct is higher compared
com the exposition to the Cd and DM single, suggesting an
additive effect.
A - Latency to the first bite
60

T im e ( s e c .)

Ct

Cd

D M

Cd+D M

40

*
20

0
3 0 d a ys

8 0 d a ys

B - Total number of attacks

N u m b e r o f A t ta c k s

150
Ct

DM

Cd

Cd+D M

*

100

50

0
3 0 d a ys

8 0 d a ys

C - Total duration of attack manifestations

T im e ( s e c .)

400

Ct

Cd

D M

Cd+D M

300

200

100

0
3 0 d a ys

8 0 d a ys

Fig. 3. Assessment of parameters related to aggressiveness behavior in
offspring at PND30 and PND80 (N=10 animals/group). Ct=control;
Cd=cadmium; DM=dimethoate; Cd+DM=cadmium+dimethoate. Values
express the mean ± S.E.M. (ANOVA), *p<0.05 vs. Ct.
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Fig. 4. Assessment of brain AChE activity in offspring at PND30 and
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PND80 (N=10 animals/group). Ct=control; Cd=cadmium; DM=dimethoate;
Cd+DM= cadmium+dimethoate. Values express the mean ± S.E.M.
(ANOVA), *p<0.05 vs. Ct.

IV. DISCUSSION
The findings of the present study demonstrated that
gestational exposure to Cd and DM in low doses alters
motor activity and social behavior in offspring, during
development indicating clearly an effect of fetal
reprogramming. At same time, offspring presented
inhibition of the activity of brain acetylcholinesterase
enzyme suggesting the involvement of cholinergic nervous
system in the observed effects.
Several scientific reports have observed that there are
critical windows during the development. The presence of
environmental agents in these periods perturbs the
intrauterine environment and causes alterations (epigenetic,
structural, or functional) that result in reprogramming in the
post-natal life. Thus, low birth weight, childhood growth,
and subsequent disease in adulthood have all been linked to
several adverse environmental inﬂuences during early
development [39].
In this sense, previous studies have suggested that
gestational Cd exposure reprograms offspring development.
Ronco et al. [40] observed that cadmium exposure during
pregnancy reprograms cardiovascular development of the
offspring which in turn may conduce to a long term
increased risk of cardiovascular disease. Other studies
shown that Cd is implicated in the induction of
developmental neurotoxicity and cognitive dysfunction in
both humans [41] and animals [42]. Additionally,
gestational Cd exposure induced a decrease in brain
enzymes activity, including AChE activity, in the offspring
[14], [43].
In accordance with these findings in a previous study on
gestational exposure to Cd and DM mixture we observed
that offspring presented a deficit of memory during
development, mainly in later age [24]. It would be important
to study later whether these effects had the influence of
oxidative stress, since both Cd and DM generate reactive
oxygen species [44,45].
In the present study we observed that offspring of
mothers exposed only to Cd not presented alterations in the
motor activity or social behavior studied, although a
decrease in brain AChE activity in PND30 pups had
occurred. This may be a consequence of the low dose level
of Cd used in the study, although cadmium has been found
in the brain of these pups, probably due to their cumulative
action [46]. Pari and Murugavel [47] investigated the
inﬂuence of Cd on cholinergic neurotransmission and
observed an association between cholinergic Cd action and
behavioral impairments in both animal models and humans
exposed to Cd.
In relation to DM, few previous studies have suggested
that gestational exposure to DM is capable of cause harmful
effects during offspring development. Farag et al. [48]
observed that DM caused developmental toxicity through
inhibition of the maternal and fetal AChE activities, and
Abouamer et al. [49] observed that DM induced intrauterine
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growth retardations in mice. In our study, similar to what
occurred in pups exposed to Cd, offspring of mothers
exposed only to DM not presented alterations of motor
activity or in the state of aggressiveness but presented
increased anxiety in the offspring at the PND80. As
offspring exposed only to DM presented decrease in the
AChE activity in brain of PND30 but not of PND80 pups, it
is possible infer the possibility of that DM has caused an
effect of epigenetic imprinting maintaining the effect in the
long term.
The results obtained with the assessment of motor activity
were interesting, since motor coordination was significantly
reduced only in the offspring of the mothers who received
combined exposure of Cd and DM, while the spontaneous
locomotion activity was not affected in any of the treatment
groups. This result suggests clearly damage in motor activity
and confirms that there was no bias in the hole-board
evaluation, since increased locomotion may increase the
probability of paw-dip number [31]. Also, it indicates that
the mixture is more effective in causing neurotoxicity.
The conjunct of our data clearly indicates that Cd and DM
acted in combination when these toxicants were given
together. As the effect of Cd alone was not significant
although it has decreased (21%) AChE activity in brain,
thus, we might think of an additive effect. According to [50]
the term addition is used to describe situations whereby
chemicals do not interact but act together to produce effects
without enhancing or diminishing each other’s actions.
Overall, the damaging effects on motor and social behaviors
were more accentuated in the offspring of mothers exposed
to Cd+DM regardless of the effect appearing at age of
PND30 or PND80. These results reinforce the suggestion of
that inhibition of the AChE activity is a probable pathway
for the Cd+DM induced developmental toxicity in rats.
Although Cd was detected in the brain of PND80 pups,
the effect of the mixture is not due exclusively to Cd since
he alone did not cause anything in the behaviors despite
having decreased AChE activity in the pups' brains at
PND30. Interestingly, it appears that the absence of DM in
the pups brain at PND80 did not affected the onset of
effects, but it is important remember that DM metabolite
omethoate cause inhibition of AChE and it is ten times as
toxic as DM [51]. Unfortunately for technical reasons it was
not possible to quantify the concentration of omethoate in
the brains of animals exposed to DM.
About the exposure of the pups to the Cd and DM
mixture was observed that it decreased motor coordination
and increased anxiety-like behavior in PND30 and PND80
pups in addition to stimulating aggression in the PND80
pups. Concomitantly, a decrease in brain AChE activity was
observed, but only in PND30. It is possible that the mixture
has caused an epigenetic imprinting on the cholinergic
system, which was expressed as changes in motor activity
and social behaviors in young and/or adult offspring. It is
important that the next steps of the study investigate the
occurrence of this epigenetic effect, since this proof would
characterize the fetal reprogramming by exposure to the Cd
and DM mixture.
Santafé et al. [52] observed that there is a close
DOI: http://dx.doi.org/10.24018/ejmed.2020.2.5.436

modulation of acetylcholine release that is performed by
muscarinic receptor M1 of acetylcholine, in the motor nerve
terminals in the neuromuscular junction, and which is
related to the process of phosphorylation of protein quinase
C. These observations can indicate the possibility of
neuromuscular disorders and may also be involved in the
process of impairment of motor incoordination in the
present results. The inhibitory effect of AChE observed is
due to Cd+DM exposure and it can be associated to these
neuromuscular
dysfunctions
leading
to
motor
incoordination.
In mammals, activity of the cholinergic system is
associated with motor nervous activity, such as motor
coordination and ambulation, but little is known about the
consequences of altered cholinergic neurotransmission in
socially motivated behaviors as anxiety and aggression [53],
[54].
Interestingly the results showed that in treatments with
just Cd or DM the only observed effect was increased
anxiety-like behavior in the DM group, and especially in the
PND80 offspring. Our results do not still provide good
subsidies to explain such results, however, there is a
possibility that the inhibitory effect of DM on AChE, as it is
stronger, is also the most determinant for the reprogramming
effect of increased anxiety-like behavior. These findings are
in accordance with Rohlman et al. [55] which demonstrated
a correlation between neurobehavioral performance and
biomarkers of organophosphorus pesticides exposure.
Agents capable to cause fetal programming are typically
examined in relation to its negative health impact or
pathological outcome on oﬀspring phenotype [56].
However, in experimental studies, those eﬀects are often
examined using agents that are administered to animals at a
high concentration, often outside of the normal
physiological range or recommended doses. While this
approach may be understandable and even preferable at an
initial stage of research, there is evidence that those same
agents given within a physiological range or tolerable
intensity can mediate diﬀerent long-term programming
eﬀects. In the present study it was demonstrated
developmental effect by Cd and DM mixture, in low doses,
which makes the observed effects even more worrying and
worthy of attention, since the doses of exposure used are
slightly close to those of the general population.
V. CONCLUSION
Present results provide, for the ﬁrst time, direct
experimental evidence supporting that joint exposure to
cadmium and dimethoate in uterus of rats seems additive
and it perturbs offspring development leading to harmful
consequences on motor activity and social behavior,
probably related to modulation of the cholinergic system.
The present study suggests that added precautions regarding
gestational exposure to metals and pesticide mixtures would
be prudent to avoid the possibility of fetal reprogramming
effect during development.
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