
1239

Braz J Med Biol Res 32(10) 1999

Neonatal handling and female reproduction

Neonatal handling induces
anovulatory estrous cycles in rats

1Departamento de Fisiologia, Instituto de Ciências Básicas da Saúde,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil
2Departamento de Fisiologia, Faculdade de Odontologia de Ribeirão Preto,
Universidade de São Paulo, Ribeirão Preto, SP, Brasil

C.M. Gomes1, P.J. Frantz1,
G.L. Sanvitto1,

J.A. Anselmo-Franci2

and A.B. Lucion1

Abstract

Since previous work has shown that stimulation early in life decreases
sexual receptiveness as measured by the female lordosis quotient, we
suggested that neonatal handling could affect the function of the
hypothalamus-pituitary-gonadal axis. The effects of neonatal han-
dling on the estrous cycle and ovulation were analyzed in adult rats.
Two groups of animals were studied: intact (no manipulation, N = 10)
and handled (N = 11). Pups were either handled daily for 1 min during
the first 10 days of life or left undisturbed. At the age of 90 days, a
vaginal smear was collected daily at 9:00 a.m. and analyzed for 29
days; at 9:00 a.m. on the day of estrus, animals were anesthetized with
thiopental (40 mg/kg, ip), the ovaries were removed and the oviduct
was dissected and squashed between 2 glass slides. The number of
oocytes of both oviductal ampullae was counted under the micro-
scope. The average numbers for each phase of the cycle (diestrus I,
diestrus II, proestrus and estrus) during the period analyzed were
compared between the two groups. There were no significant differ-
ences between intact and handled females during any of the phases.
However, the number of handled females that showed anovulatory
cycles (8 out of 11) was significantly higher than in the intact group
(none out of 10). Neonatal stimulation may affect not only the hypo-
thalamus-pituitary-adrenal axis, as previously demonstrated, but also
the hypothalamus-pituitary-gonadal axis in female rats.
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Infantile experience has long-lasting ef-
fects on behavior, as well as on stress reac-
tivity (1-3). In rats, the apparently harmless
procedure of handling pre-weaning pups is
related to a lesser elevation and a faster
return to basal levels of plasma corticoster-
one in response to a stressor in adult animals
(2-4). In terms of reproduction, neonatal han-
dling or stressful stimulation attenuated or
prevented the induction of constant diestrus
by an unpredictable chronic stress model in
adult rats (5).

The time immediately after birth is a criti-
cal developmental period when the imma-
ture brain is permanently altered by gonadal
and adrenal steroid hormones (6-8). It has
been proposed that the lower stress reactivity
in adulthood of animals stimulated during
the neonatal period may be due to a perma-
nent functional alteration of neural struc-
tures in the central nervous system that modu-
late the activity of the hypothalamus-pitu-
itary-adrenal axis (4,8,9).

Since previous work showed that prena-
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tal stress (10) and neonatal handling (11,12)
decreased sexual behavior in male and fe-
male rats, the aim of the present study was to
analyze the effects of handling on the estrous
cycle and ovulation as measured by the num-
ber of oocytes in the oviduct. We suggest
that stimulation early in life would affect not
only the hypothalamus-pituitary-adrenal axis,
as previously shown (3,4), but also the hypo-
thalamus-pituitary-gonadal axis.

Female Wistar rats were used. From the
1st to the 10th day postpartum, the entire
offspring of a mother was submitted to one
of the following procedures: pups were left
undisturbed (intact animals) or handled.
Handling consisted of separating the pups
from the mother and gently manipulating
them for 1 min. Immediately after being
handled, the animals were returned to their
mothers in the home cage. In all cases, the
number of pups was set at 8 per dam.

After weaning, only 1 female from each
offspring group was randomly chosen as an
experimental subject. These females were
separated and housed in groups of 2-5 per
cage (41 x 34 x 17 cm) according to body
weight at room temperature of 22 ± 1oC
under a light-dark cycle (lights on from 7:00
a.m. to 7:00 p.m.). Rodent chow (Nuvilab
Cr1, Colombo, PR, Brazil) and water were

available at all times.
At the age of 90 days, females were kept

1 per cage and divided into 2 groups accord-
ing to the procedure during the neonatal
period, i.e., intact (N = 10) and handled (N =
11). The same animals in each group were
used to observe the estrous cycle and to
measure the number of oocytes. A vaginal
smear was collected daily at 9:00 a.m. and
analyzed under the microscope for 29 days;
at 9:00 a.m. on the next estrus day, animals
were anesthetized with thiopental (40 mg/
kg, ip), the ovaries were removed and the
oviduct was dissected and squashed between
2 glass slides. The number of oocytes of both
oviductal ampullae was counted under the
microscope. The mean (± SEM) frequency
of diestrus I, diestrus II, proestrus and estrus
during the 29 days was compared between
the 2 groups by the Student t-test. The me-
dian (interquartile range) number of oocytes
was compared between the 2 groups by the
Mann-Whitney U-test. In all cases, the sig-
nificance was set as P<0.05.

Neonatal handling had no effect on the
mean frequency of each phase of the cycle as
compared to intact females. Analysis of the
estrous cycles of each female during the 29-
day period showed their regularity. Figure 1
presents the distribution of the animals of
both groups concerning the number of oo-
cytes. The median number (interquartile
range) of oocytes in handled females [0(0/
13)] was significantly lower than in intact
ones [11(10/12)].

The results showed that neonatal stimu-
lation (handling) reduced the reproductive
capability of females by blocking ovulation
in most animals although the estrous cycle
remained regular.

It is well established that, in rats, ovula-
tion induction requires a sharp surge of go-
nadotrophins and prolactin in the pre-ovula-
tory period that depends on the positive feed-
back of estrogens (13). The mechanism by
which the estrogens stimulate the surge in
luteinizing hormone-releasing hormone

Figure 1 - Distribution of female
rats according to the number of
oocytes on the day of estrus.
Each symbol represents an ani-
mal. Intact control rats were kept
undisturbed during the neonatal
period; handled animals were
gently manipulated for 1 min
daily from the 1st to the 10th
day after delivery. After collec-
tion of vaginal smears for 29
days, the animals were anesthe-
tized at 9:00 a.m. on the day of
estrus, when ovaries were re-
moved and the number of oo-
cytes was counted.
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(LHRH) remains unclear. Recent reports
suggest that estrogens may not act directly
on LHRH neurons, but may increase the
activity of noradrenergic neurons (14,15). In
fact the activation of the noradrenergic nu-
clei A1, A2 and A6 of the locus coeruleus
has been related to estrogen and LHRH se-
cretion. Moreover, estrogen level during the
estrous cycle is associated with the expres-
sion of FOS protein in the A1 nucleus (15).
Locus coeruleus projects to the preoptic area
and to the suprachiasmatic nucleus, which
are involved in the regulation of cyclic secre-
tion of hormones in the anterior pituitary
(16,17). Luteinizing hormone and prolactin
surge (16), as well as secretion of corticotro-
phin releasing hormone (18) are dependent
on noradrenergic inputs. Electrolytic lesions
of the locus coeruleus on the morning of
proestrus decrease the content of norepi-
nephrine in the medial preoptic area and
medial basal hypothalamus and block the
pre-ovulatory surge of gonadotrophins and
therefore ovulation (16). On the other hand,
microdialysis experiments have demon-
strated that the stimulation of A1 and A2
nuclei increases norepinephrine levels in the
preoptic area, which is the site of LHRH
synthesis (19).

The results of the present study showing
that handled females had regular, but anovu-
latory estrous cycles, indicate that ovarian
steroids produced during the pre-ovulatory
period were effective in exerting their pe-
ripheral effects, as indicated by the regular
changes in the vaginal mucosa. However,

since the central effects of estrogens were
apparently altered by neonatal handling, we
suggest that stimulation early in life may
affect neural substrates that modulate the
hypothalamus-pituitary-gonadal axis. The
central noradrenergic system could be one of
the neural systems altered by neonatal stim-
ulation. It seems likely that the central nor-
adrenergic system is not responding prop-
erly to peripheral estrogen, leading to a dys-
function in luteinizing hormone secretion
that might explain the anovulatory cycles in
the rats. Experiments are being carried out in
our laboratories to test this hypothesis.

Studies on adult behavior and neuroen-
docrine effects of neonatal stimulation have
focused on stress-related events and the re-
sults have led to the conclusion that stimula-
tion early in life may alter neural systems
that modulate the hypothalamus-pituitary-
adrenal axis (3,9,20). Indeed, in animals sub-
mitted to neonatal stimulation, the increased
efficacy in suppressing the activity of the
hypothalamus-pituitary-adrenal axis after
stress in adulthood appears to be related to
the increased population of glucocorticoid
receptors in the hippocampus and frontal
cortex. Likewise, central modulation of the
hypothalamus-pituitary-gonadal axis may
also be altered by neonatal stimulation.

In conclusion, the present results show
that neonatal handling may induce long-last-
ing and stable changes in the hypothalamus-
pituitary-gonadal axis of adult female rats,
causing reduced reproductive capacity.
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