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Abstract

Neonatal handling has long-lasting effects on behavior and str&sg words

reactivity. The purpose of the present study was to investigate tHgress

effect of neonatal handling on the number of dopaminergic neurong jNeonatal stimulation
the hypothalamic nuclei of adult male rats as part of a series of studi&§pamine _
that could explain the long-lasting effects of neonatal stimulatioh!mmunohistochemistry
Two groups of Wistar rats were studied: nonhandled (pups were feffyPothalamus
undisturbed, control) and handled (pups were handled for 1 min onicg "€ hydroxylase
a day during the first 10 days of life). At 75-80 days, the maleswere T
anesthetized and the brains were processed for immunohistochemis-

try. An anti-tyrosine hydroxylase antibody and the avidin-biotin-

peroxidase method were used. Tyrosine hydroxylase-immunoreactive

(TH-IR) neurons were counted bilaterally in the arcuate, paraventricu-

lar and periventricular nuclei of the hypothalamus in 30-um sections

at 120-um intervals. Neonatal handling did not change the number of

TH-IR neurons in the arcuate (1021 + 206, N = 6; 1020 £ 150, N = 6;

nonhandled and handled, respectively), paraventricular (584 + 85, N =

8; 682 + 62, N = 9) or periventricular (743 + 118, N =7; 990 + 158, N

= 7) nuclei of the hypothalamus. The absence of an effect on the

number of dopaminergic cells in the hypothalamus indicates that the

reduction in the amount of neurons induced by neonatal handling, as

shown by other studies, is not a general phenomenon in the brain.

Environmental stimuli during the neona-ronments (5-7) and the secretion of corticos-
tal period have lasting effects on emotionalerone, adrenocorticotrophin and prolactin
behavior and reactivity to stress in adulin response to stressors in adulthood (4-6).
animals (1,2). Neonatal handling has beeRurthermore, preliminary results from our
used as an experimental model to examirnlaboratory showed that neonatal manipula-
the mechanisms by which early environmention reduced the number of neurons in the
tal changes could affect neural systems, leadhedial amygdala, the prefrontal cortex (8)
ing to stable behavioral and neuroendocrinand the locus coeruleus (9), and decreased
changes (3-6). This apparently harmless prdahe number of somatostatinergic neurons in
cedure in infancy reduces fear in novel envithe hypothalamic periventricular nucleus
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(10). These results suggest that neonatal halmeen used in our laboratory in behavioral
dling can induce morphological changes irand neuroendocrine experiments. It is basi-
brain areas that could be the cause for theally the same procedure that other authors
reduced stress responsiveness observed uee with the same behavioral and hormonal
adult animals. results (5,6). After weaning (at 21 days), the
Dopamine, which belongs to the catemales were placed together in groups of 4
cholamine group, is an important transmitteper cage (41 x 34 x 17 cm). All animals were
of the central nervous system in mammalmaintained under a 12:12-h light/dark cycle,
related to the control of motor functions,the dark phase beginning at 5:30 pm and
behavior and neuroendocrine integrationvith water and foodd libitum
(11). Dopamine plays an inhibitory role in At 75-80 days, the male rats were anes-
prolactin synthesis (11), has a stimulatorghetized with sodium thiopental (40 mg/kg,
role in the synthesis of corticotrophin-re-ip) and perfused through the heart with 100
leasing hormone (12), and is affected bynl phosphate-buffered saline (PBS) with
stressors (13). On the other hand, previouseparin for 20 min, followed by 200 ml of
results from our laboratory (8-10) showedb% paraformaldehyde in 0.1 M PBS, pH 7.4,
that neonatal handling is related to a reduceat #C for 30 min. The brains were removed
number of neurons in areas that modulatand postfixed for 4 h in the same fixing
hypothalamic-pituitary function. On the ba-solution at 4C and then immediately cryo-
sis of these results, the purpose of the presepriotected in a 30% sucrose solution diluted
study was to analyze the effect of neonatah 0.1 M PBS at &, frozen in a container
handling on the number of dopaminergiovith isopentane in dry ice and kept in the
neurons in hypothalamic nuclei using immu{reezer at -8@C. Coronal sections of the
nohistochemical detection of tyrosine hy-brain, 30 um thick, were obtained with a
droxylase, a key enzyme in the catecholeryostat (HM 505E, MICROM) at -2& and
amine synthesis. The present study is part abllected serially at 120-um intervals (1:5)
a series concerning the determination of pogrom the beginning to the end of the arcuate
sible morphological changes in the centralbregma: -2.12 to -4.30 mm), paraventricu-
nervous system that could explain the longhar (bregma: -0.80 to -2.12 mm) and periven-
lasting effects of neonatal stimulation. tricular (bregma: -0.26 to -3.60 mm) nuclei
Male adult Wistar rats were divided intoof the hypothalamus identified according to
two groups: 1) nonhandled (control) and 2an atlas of the rat brain (14). The sections
handled during the neonatal period. On thevere mounted on slides covered with gela-
day after birth (day 1), the number of pupdgin. In order to detect cells immunoreactive
was standardized at 8 per mother and the tyrosine hydroxylase, the sections were
handling stimulation began. The litter andncubated for 30 min at room temperature
the mother in their home cage were taken tavith a monoclonal antibody (clone TH-2)
a room next to the animal facility, with thefrom Sigma (St. Louis, MO, USA) diluted
same light period and temperature. The puds500 in 0.4% PBS-Triton X-100. Positive
were separated from the mother that wasiarkings were detected using the avidin-
kept in a cage next to them and all of thenbiotin-peroxidase complex method with a
together were gently handled with fine latexsecondary antibody biotinylated for 30 min
gloves for 1 min. After handling, all pupsand with peroxidase-conjugated streptavi-
were returned to the nest at the same tinin for 30 min using the Dako LSAB kit of
and then the mother was placed back in theako Corp. (Carpinteria, CA, USA) accord-
cage. This procedure was repeated from thieg to its protocol (15). The chromogen used
first to the tenth day of life. The protocol haswas diaminobenzidine 3,3'-tetrahydrochlo-



Neonatal stimulation and hypothalamic dopaminergic system

1193

ride (Sigma) diluted in PBS (6 mg/10 ml).several procedures which stimulate pups
The sections were then counterstained witduring the neonatal period appear to affect
Mayer hematoxylin. As a negative control,the animal’s reaction to stress stimulation in
the sections were processed as previousddult life, but not the basal quantities of
described, but in the absence of the firdhormones (5,6) or the number of cortico-

antibody, which was replaced with 0.4%troph cells in the pituitary (17). Similarly,

PBS-Triton. None of the slices of the negaeur results showed that neonatal handling
tive control presented structures immunoreinduced no change in the number of neurons
active to tyrosine hydroxylase, confirmingimmunoreactive to tyrosine hydroxylase in

the specificity of the first antibody.

hypothalamic nuclei of animals that were

All cell bodies immunoreactive to ty- not submitted to new stressful stimuli before
rosine hydroxylase (positive marking) in eachihe cell count. However, we cannot rule out

sampled section of a nucleus were counted

on both sides of the brain. This quantifica:
tion was performed separately by two ob
servers, using a light microscope (Zeiss
Oberkochen, Germany) with a 40X lens an
a 10X eyepiece with a 1-nfrreticule, which
permitted an easier count. The total esti
mated number of neurons immunoreactivi
to tyrosine hydroxylase in each nucleus stuc
ied was calculated according to the formul:
Nt = ns x P, where Nt is the total number o
estimated units in the structure, ns the nun
ber of units counted in all sampled section
of the nucleus, and P the period that th
sections were sampled (16). An average ¢
the number of cells counted by the two ob
servers was calculated. The results are r
ported as means (x SEM) of the total esti
mated number of positively marked cells ir
each structure and were compared betwet
the experimental groups using the Student
test. The level of significance was set a
P<0.05.

When adult male rats submitted to neo
natal handling (1 min per day during the first
10 days of life) were compared to non-
handled animals, no differences were ob
served in the number of neurons immunore
active to tyrosine hydroxylase in the arcuat:
nucleus (6 animals per group), in the pare
ventricular nucleus (N = 8 in the nonhandlec
and N = 9 in the handled group, respec
tively), or in the periventricular nucleus (7
animals per group) (Figure 1).

Previous studies (1-3) have shown the
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Figure 1. Effect of neonatal han-
dling (1 min per day) during the
first 10 days of life on the num-
ber of neurons immunoreactive
to tyrosine hydroxylase (TH-IR)
in the arcuate (N = 6 in each
group), paraventricular (N = 8 in
the nonhandled group and N =9
in the handled group) and peri-
ventricular (N = 7 in each group)
nuclei of the hypothalamus of
adult (75-80 days old) male rats.
Each bar represents the mean =
SEM of the estimated total num-
ber of TH-IR neurons in bilateral
counts.
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a possible modification in the amount ofto stress (20). Thus, the change in the corti-
dopamine produced by these neurons, sin@®sterone response promoted by neonatal
studies to assess dopamine expression wdrandling may be related to changes in path-
not performed. ways other than the dopaminergic one.
Adult rats that were handled in infancy  Although previous studies have reported
present a less marked increase in corticostereduction in the number of somatostatinergic
one, corticotrophin and prolactin levels whemeurons in the hypothalamic periventricular
faced with a stressing stimulus as comparegiucleus (10) and in the total number of neu-
with nonmanipulated animals (18,19). Thisons in the medial amygdala nucleus and in
may be occurring due to a reduction in thehe prefrontal cortex of neonatally handled
stimulatory role of the dopaminergic systemanimals (8), the present study, using the
since some studies have shown that the stirmame neonatal stimulation procedure, showed
ulation of D1 and D2 dopaminergic recep-no significant change in the number of neu-
tors excites the neurons that produce cortrons immunoreactive to tyrosine hydroxy-
cotrophin-releasing hormone in the paraverlase in the hypothalamus. These results indi-
tricular nucleus of the hypothalamus (12)cate that the reduction in the number of
On the other hand, a previous study haseurons induced by neonatal stimulation, as
suggested that the dopaminergic system reviously shown, is not a general phenom-

not related to the regulation of the responsenon in the brain.
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