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Resumo
Teratogenicidade comportamental induzida pela restrição alimentar materna: canibalismo materno 

e mau desenvolvimento reflexológico da prole. Estudos recentes têm atribuído a presença de vários produtos 
químicos tóxicos durante a gestação à desnutrição materna. Um déficit no estado nutricional materno pode ser 
fundamental para o desenvolvimento de teratogenicidade. Entretanto, na atualidade, o conceito de teratogênese não 
se restringe a anomalias estruturais, mas, também, a mudanças funcionais, como, por exemplo, aquelas observadas 
no comportamento. Este estudo investigou os efeitos da restrição alimentar (RA) materna durante a gestação 
sobre o desenvolvimento físico, comportamental e reflexológico da prole. Ratas prenhes foram submetidas a 
restrição de ração em diferentes níveis (15, 40, 55 e 70% do consumo diário de ração em comparação ao grupo 
controle), com início no dia de gestação 6 (DG6) até o DG17; o grupo controle recebeu ração ad libitum. Após o 
nascimento, o desenvolvimento físico e neurocomportamental da prole foram avaliados. Os resultados mostraram 
que, com exceção da redução de peso, o desenvolvimento físico das proles dos grupos RA não diferiu do grupo 
controle. No entanto, os grupos experimentais apresentaram déficits de reflexos neurológicos, particularmente 
na geotaxia negativa e no reflexo palmar. Na atividade geral, a prole do RA 40% (E40) e do E55 apresentaram 
baixas frequências de locomoção e levantar e longos períodos de imobilidade. Os resultados mostram que RA 
materna durante a gestação promove desordens neurológicas na prole, mas não afeta o desenvolvimento físico, 
evidenciando a importância das avaliações comportamentais.
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Abstract
Recent studies have attributed the presence of several toxic chemicals during pregnancy to maternal 

malnutrition. A deficit in maternal nutritional status may be crucial for the development of teratogenicity. However, 
nowadays, the concept of teratogenesis is not restricted to structural abnormalities, but, also, to functional 
changes, such as, for instance, those observed in behavior. This study investigated the effects of maternal food 
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restriction (FR) during pregnancy on the physical, behavioral, and reflex development of offspring. Pregnant 
female rats underwent feed restriction at different levels (15, 40, 55, and 70% of the daily feed 
intake when compared to the control group), starting on gestation day 6 (GD6) until GD17; 
the control group received food ad libitum. After birth, the physical and neurobehavioral 
development of offspring were assessed. The results showed that, except for weight reduction, the 
physical development of offsprings from the FR groups did not differ from that of the control group. However, 
the experimental groups showed deficits in neurological reflexes, particularly with regard to negative geotaxis 
and palmar reflex. In general activity, the offspring of the FR group 40% (E40) and E55 showed low frequencies 
of locomotion and rearing and long periods of immobility. The results show that maternal FR during pregnancy 
promotes neurological disorders in offspring, but it does not affect physical development, showing the importance 
of behavioral assessments.

Key words: Cannibalism; Maternal food restriction; Offspring development; Teratogenicity

Introduction
Maternal food restriction (FR) during pregnancy 

may induce several outcomes at maternal and fetal 
levels. At the maternal level, an increased frequency 
of cannibalism was observed after maternal FR. This 
phenomena was attributed as part of an organized 
mechanism that balances litter size with metabolic 
energy supply (DESANTIS; SCHMALTZ, 1984; 
SCHNEIDER; WADE, 1989). However, maternal 
nutritional deficits (BÃ, 2013), as well as maternal stress 
(PEDERSEN et al., 1991; PINTO; SHETTY, 1995), 
can lead to pup-killing behavior. Besides, an increased 
risk of adverse health outcomes in adult offspring was 
observed (RASMUSSEN, 1998; BERGMANN et al., 
2008; KUMON et al., 2010; ZHANG et al., 2010; 
LAPORTE-BROUX et al., 2012). Studies in the two 
last decades have shown that maternal nutrition status 
may be critical for pup development (DING et al., 2010; 
ZHANG et al., 2010; LABORIE et al., 2011). Nutrient 
restriction during early fetal and embryonic development 
has long-lasting consequences for the offspring, 
including decreased birth weight, altered fat metabolism 
(BELLINGER et al., 2006), hypothalamic-pituitary-
adrenal axis reactivity (LESAGE et al., 2006; MACRÌ; 
WÜRBEL, 2006), abnormal muscle structure and 
function (FAHEY et al., 2005), decreased reproductive 
performance (CHERNOFF et al., 2009), and behavioral 
effects (KUMON et al., 2010; ZHANG et al., 2010). 
Impairment in female reproduction caused by metabolic 
deficiencies include sexual behavior/libido deficits, 
delayed sexual maturation, acyclicity, amenorrhea, 

and anovulation (CHERNOFF et al., 2009). However, 
teratogenesis is not restricted to structural abnormalities, 
but it may also result in an abnormal development of the 
fetus, including fetal malformation, growth retardation, 
damage to the development, behavioral changes, and 
even death (HANSEN; YANKOVITZ, 2002).

In animal models, nutrient restriction during the 
perinatal period exerts a strong influence on brain 
structure, physiology, and biochemistry and it can even 
lead to permanent brain damage (MORGANE et al., 
2002; LIANG et al., 2007). Although brain development 
continues into adulthood and the micronutrient status can 
influence functioning beyond infancy, rapid growth rate 
of the brain during the last third of pregnancy and the 
early postnatal stage makes it particularly vulnerable to 
an inadequate diet over these periods (BENTON, 2010). 
The developing brain is particularly susceptible to the 
intrauterine environment and nutrition plays a critical 
role in the maturation and functional development of 
the fetus central nervous system (WARNER; OZANNE, 
2010). Previous studies have shown that prenatal or 
perinatal nutrient restriction impairs the hippocampal 
synaptic plasticity and it adversely affects hippocampal-
dependent learning and memory tasks; these impairments 
start in the postnatal period and they continue into 
adulthood (AUSTIN et al., 1986; DWYERA et al., 2011). 
Maternal food deprivation (at the level of 50%) has also 
disrupted the physical and neurobehavioral development 
of rat pups (ZHANG et al., 2010).

Toxicological studies have attributed various 
toxic effects to FR. Despite evidence that energy 
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status during pregnancy critically affects reproductive 
success and offspring development, the literature has 
limitations and gaps. The purpose of this study is 
assessing the effects of maternal FR during pregnancy on 
rat pups at birth and many days after. The physical and 
neurobehavioral development of pups was assessed by 
means of a standard neuroteratogenic protocol, in order 
to better understand the role played by body weight in 
toxicological studies. 

Materials and Methods

Animals

Fifty-six female rats, obtained from our own colony, 
were mated with previously tested fertile male rats (2 
females to 1 male in each cage). The onset of pregnancy 
was confirmed by the observation of spermatozoa in 
vaginal smears (gestation day 0). The pregnant females 
were individually housed in plastic cages (32 x 40 x 18 
cm) at a controlled temperature (22±2ºC) and humidity 
level (65-70%) and under artificial light exposure (12 
h light/12 h dark cycle, with light from 6:00 a.m.). 
Female rats also had free access to Nuvilab® rodent chow 
(Nuvital company, São Paulo, Brazil) and filtered water. 
Animals were kept in accordance with the guidelines of 
the Committee on Care and Use of Laboratory Animal 
Resources from the School of Veterinary Medicine 
and Animal Science of University of São Paulo, Brazil 
(Protocol 1,462/2008).

Food restriction and food intake 
measurements

Thirty-six pregnant females were divided into 
five groups. In the control group, animals received feed 
ad libitum. In the 4 other groups, animals underwent 
various FR levels: 15% (E15), 40% (E40), 55% (E55), 
or 70% (E70) of the total amount eaten by the control 
individuals. FR occurred from gestation day 6 (GD6) 
to GD17 and food intake was measured (± 0.1 g) from 
GD6 to GD20.

After delivery, 8 pups (4 male and 4 female) were 
left with their mothers until weaning. On postnatal day 1 

(PND1), all litters were externally examined and sexed. 
The pups were weighed at 1, 7, 14, 21, 28, and 35 days 
of life. During the lactation period, the physical and 
reflex development of pups and their open-field activity 
were assessed.

Physical development

Every day, from PND1, the following physical 
parameters of pups were observed: lower appearance, 
pinna detachment, hair growth, incisor eruption, opening 
of the ear canal, eye opening, testes descent, and vaginal 
opening (ALDER; ZBINDER, 1977).

Reflex and neurobehavioral 
development

The following reflex tests were performed: surface 
righting reflex (time to return to a normal ventral position 
after positioning the pup on its back – this test was 
performed from PND5); palmar reflex (number of pups 
who closed the palm of their front paw when it was 
touched – this test was performed from PND2); and 
negative geotaxis (time to turn at least 90° after being 
positioned face down on a platform that is inclined 45° 
– this test was performed from PND5). Moreover, the 
general activity of pups was measured for 3 minutes 
every day from PND15 to PND20, in an open field, 
according to a procedure described by Schwarz et 
al. (2003). The open field was a round wooden arena 
painted in black and it is 40 cm in diameter, with the 
floor divided into 25 plots. The field was illuminated with 
a 40 W light bulb suspended over the center (55 lux). 
Hand-operated counters and stopwatches were employed 
to score locomotion frequency (number of floor units 
entered with all 4 paws), rearing frequency (number of 
times the animal stood on its hind limbs), immobility 
duration (total number of seconds without movements) 
and number of fecal boluses. To minimize the potential 
effects of circadian changes on open-field behavior, we 
alternated the testing of control and experimental groups. 
The open-field device was washed with a 5% ethanol/
water solution between testing sessions, in order to avoid 
possible bias due to odors left by previous animals.
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Statistical analysis

The results were expressed as the mean ± SEM. 
Homoscedasticity was checked by means of the F 
test. Normality was checked through Kolmogorov-
Smirnov test. The number of pups born in the control 
and experimental groups was analyzed with a one-way 
ANOVA followed by Duncan post hoc test. Open-
field data and physical and reflex development data 
were analyzed with a two-way ANOVA followed 
by Bonferroni post hoc test. A linear correlation test 
assessed the correlation between cannibalism and FR. 
In all cases, the results were regarded as significant if 
p < 0.05.

Results
Figure 1 shows the number of pups born per 

female and postpartum maternal cannibalism. One-way 
ANOVA revealed significant differences between groups 
concerning the number of pups born (F (4/4555) = 3.62, 
p = 0.012). Moreover, there is a positive correlation 
between the degree of cannibalism and FR (r = 0.955, p 
= 0.014): maternal cannibalism rises as dietary restriction 
is increased, and up to 100% cannibalism was observed 
in female rats in the group E70.

As the number of pups in the group E70 was 
reduced due to maternal cannibalism, this group was 
not observed for physical and behavior development.

Figure 2 shows the body weight and reflex 
activity of pups (on PND7, PND14, PND21, PND28, 
and PND35). Two-way ANOVA revealed significant 
differences in body weight between groups, with varying 
levels of FR (F (3/180) = 0.48, p < 0.0001) on different 
days (F (4/180) = 98.61, p < 0.0001). Two-way ANOVA 
also revealed a significant interaction between the 
factors group and day (F (12/180) = 0.33, p < 0.0001). 
Compared to the control group, the body weight of pups 
in all experimental groups on PND35 was lower (p < 
0.05). In addition, pups in the group E55 had a lower 
body weight on PND14 and PND28 (p < 0.05). No 
significant differences were observed between groups 
for the physical parameters lower appearance, pinna 
detachment, hair growth, incisor eruption, opening of 

the ear canal, eye opening, testes descent, or vaginal 
opening (data not show).

FIGURE 1:  Number of pups born and percentage of cannibalism 
by female rats with food restriction at 15% (E15), 40% 
(E40), 55% (E55), or 70% (E70) of the total amount 
eaten by control individuals. N = 10 dam/group. *p < 
0.05, one-way ANOVA followed by Bonferroni test.
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Data for palmar reflex in two-way ANOVA revealed 

a significant difference between experimental treatment 
(F (3/144) = 43.27, p < 0.0001), days (F (3/144) = 31.66, 
p < 0.0001) and a significant interaction between factors 
(F (9/144) = 18.68, p < 0.0001). Compared to the control 
group, rats in groups E40 and E55 had a slower palmar 
reflex on PND4 and PND4. On PND6, the number of 
pup rats in E40 exhibiting the palmar reflex was lower. 
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In contrast, the group E15 on PND6 still had a faster 
reflex than the control group. On PND10, all pups in the 
experimental groups had lost this reflex.

FIGURE 2: Body weight, negative geotaxis, and palmar grasp 
reflexes of pup rats with food restriction at 15% (E15), 
40% (E40), or 55% (E55) of the total amount eaten by 
the control individuals. N = 8 pups/group. *p < 0.000, 
two-way ANOVA followed by Duncan post hoc test. 
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The negative geotaxis reflex observed from PND5 
to PND13 in pups from FR groups. Two-way ANOVA 
revealed a significant difference between treatments (F 
(3/180) = 5.66, p < 0.0001) and days (F (4/180) = 79.97, 
p < 0.0001). The interaction between factors was also 
significant (F (12/180) = 3.70, p < 0.0001). On PND5, 
the reflex time of E55 rat pups was greater than that of 
the control group. On PND7, the reflex time of E40 and 
E55 rat pups was greater than that of the control group. 
On PND9, only E40 rat pups had greater reflex times 
than control individuals. No significant differences were 
observed between groups in the surface righting reflex 
(data not shown).

The effects of FR on the open-field activity 
are shown in Figure 3. Two-way ANOVA revealed 
significant differences in locomotion frequency 
according to treatment (F (3/216) = 397.64, p < 
0.0001) and day (F (5/216) = 347.51, p < 0.0001). 
The interaction between factors was also significant 
(F (15/216) = 18.26, p < 0.0001). Compared to the 
control group, there was a decreased locomotion 
frequency from PND16 to PND20 in E55 rat pups 
and on PND18 and PND20 in E40 rat pups. There 
were no differences between control individuals and 
E15 rat pups. Regarding the rearing frequency of FR 
pups in the open field, two-way ANOVA revealed 
significant differences between treatment groups 
(F (3/216) = 53.23, p < 0.0001) and day (F (5/216) 
= 31.02, p < 0.0001). There was also a significant 
interaction between the two factors (F (15/216) = 3.05, 
p = 0.0002). Compared to the control group, E15 rat 
pups reared less frequently on PND17; E40 and E55 
rat pups reared less frequently from PND16 to PND20. 
Regarding immobility duration observed in the open 
field, two-way ANOVA revealed a significant difference 
between treatment groups (F (3/216) = 1,086.82, p < 
0.0001) and days (F (5/216) = 3,975.44, p < 0.0001). 
The interaction between factors was also significant (F 
(5/216) = 38.95, p < 0.0001). The multiple comparison 
tests reveal greater immobility periods in the groups 
E40 and E55 when compared to the control group on 
all PNDs. In contrast, individuals from the group E15 
had an increased immobility only on PND17.
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FIGURE 3: Open-field behavior of pup rats with food restriction 
at 15% (E15), 40% (E40), 55% (E55), or 70% (E70) 
of the total amount eaten by the control individuals. 
N = 8 pups/group. * p < 0.0001, two-way ANOVA 
followed by Bonferroni test.
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Discussion
These results demonstrated that food restriction 

and maternal cannibalism at birth are related. The 
experimental group that underwent the greatest 
dietary restriction (E70) was also the group showing 
the highest cannibalism. Among the pups that 
survived maternal cannibalism during breastfeeding, 
only the group E55 showed a decreased weight on 
PND14. Although the other parameters of physical 
development tested were not altered by maternal food 
deprivation, the neurological reflexes of animals were 
affected. General activity as measured in the open field 
was also decreased in E40 and E55 rat pups. 

Regarding maternal cannibalism, the mother 
that underwent the greatest FR killed and ate all 
its pups soon after birth. There are at least two 
possible explanations for this cannibalism. One 
possibility is that the decreased supply of nutrients 
during pregnancy creates a greater need for protein, 
increasing the likelihood that the mother eats its 
offspring in order to obtain protein. A second 
possibility is that the stress caused by FR over 
pregnancy causes neuronal alterations that lead the 
mother to kill and eat its offspring soon after birth. 
Because of this cannibalism, it was not possible 
to assess the physical parameters of offspring 
among E70 mothers. It has been established that 
maternal cannibalism can occur when the offspring 
manifests physical impairments. In this study, we 
could not determine the presence of impairments 
among the pups that were cannibalized, but 
current experiments in our lab have explored this 
possibility (DIPE, 2009). This study showed that 
teratogenic indices in pups from FR mothers (E40, 
E55, and E70) included decreased birth weight, an 
increased proportion of dead fetuses one hour after 
birth, and an increased number of fetuses with kinked 
ureters. No malformations serious enough to threaten 
the life of fetuses were observed. Dipe (2009) also 
investigated the immunological deficits produced by 
FR. It was concluded that FR during organogenesis 
does not promote structural malformations, but it does 
lead to offspring with lower birth weight and significant 
immunological changes. Thus, factors other than 

Pups body weight

7 14 21 28 35
0

50

100

150
Control group
E15
E40
E55

*

*
***

Postnatal day

gr
am

s

Palmar grasp

2 4 6 10
0

2

4

6

8

10

*
*

*
* *

*

Postnatal day

nu
m

be
r o

f p
up

s 
pr

es
en

tin
g 

th
e 

re
fle

x

Negative geotaxis

5 7 9 11 13
0

20

40

60

*

*

*

*

Postnatal day

se
co

nd
s

 1 



Revista Biotemas, 27 (2), junho de 2014

191Maternal food restriction and offspring development

teratogenesis may have contributed to the maternal 
cannibalism rate observed in this study.

The pups that survived cannibalism were 
weighed at 7, 14, 21, 28, and 35 days of life. During 
breastfeeding, only E55 pups had a decreased weight 
on PND14. Pups started eating over the 10 days of 
breastfeeding, thus the decreased weight observed on 
PND14 in the group E55 may be a consequence of 
the mother’s FR. After breastfeeding, on PND35, all 
pups had a decreased weight, suggesting that FR had 
a long-term effect on the pups’ body weight. The other 
parameters of physical development were not altered 
by food deprivation.

There were evident deficits in neurological reflexes, 
particularly with regard to negative geotaxis and palmar 
reflex. Reflexes allow a pup to respond to its environment 
in a specific, predictable, and involuntary way. Reflexes 
are instinctive and serve to protect the pup. All pups are 
born with identical reflexes.

The palmar reflex, also named Babinski reflex, 
occurs in normal children under 2 years of age and it 
disappears as the child grows and the nervous system 
develops (SINGERMAN; LEE, 2008). In children older 
than 2 years, the presence of Babinski reflex indicates 
damage to the nerves that connect the spinal cord to the 
brain (the corticospinal tract). Babinski reflex can occur 
either in the left or right side of the child or in both 
sides. An abnormal Babinski reflex can be temporary or 
permanent (WALKER, 1990). In this study, we observed 
that the number of E40 and E55 pups with Babinski 
reflex was lower than that of the control group on PND2, 
4, and 6; E15 pups had an increased reflex on PND6. On 
the last day of observation, Babinski reflex was absent 
in pups from all groups. These results demonstrate an 
early disappearance of the reflex in E40 and E55 pups. 
Regarding negative geotaxis, E55 pups had greater 
negative geotaxis than the control pups on PND5 and 7, 
while E40 pups showed an increased negative geotaxis 
on PND7 and 9. The negative geotaxis reflex is involved 
in the animal’s spatial orientation, more specifically in 
the spatial map in adult animals (FOX, 1965). Therefore, 
this study showed that FR during pregnancy changes the 
spatial abilities of offspring. 

There were no differences between the experimental 
and control pups either in the startle reflex or in the onset 
of walking, suggesting that FR during pregnancy did not 
affect offspring’s sensory and motor abilities. 

The spontaneous motor activity observed in the 
open field determined animals’ ability to move around an 
unknown area regardless of environmental stimuli. This 
test is used to check an animal’s emotionality, exploration 
pattern, and motor behavior. A significant decrease in 
locomotion and rearing frequency was observed in the 
groups E40 and E55, in addition to increased immobility 
periods. Bernardi and Palermo-Neto (1983) showed that 
the striatal dopaminergic system is closely associated 
with decreased locomotion and rearing frequencies, as 
well as with increased immobility. This study suggests 
that maternal FR during pregnancy, at the 40 and 55% 
levels, affects the development of their pups’ motor 
activity.

Moreover, our results showed that the degree of 
maternal FR affects the neurobehavioral development 
of offspring, although some behavioral parameters can 
recover over time. 
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