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Abstract. The postnatal development of immunore-
active TRH in the central nervous system (CNS), semm
TSH and thyroid hormones was studied in both male
and female normal rats. While in most structures of the

CNS, TRH increased until day 20-30, semm TSH
values peaked at day 15 as did T4. Significant differen-
ces were also obtained between both sexes in these

parameters. These data further support the fact tha':
pituitary-thyroid axis maturation is independent of
brain TRH.

Two main functions have been established for the

peptide thyrotropin-releasing hormone (TRH):
its well known role as regulator of the pituitary-
thyroid axis, and its role as a neurotransmitter
or neuromodulator. In this particular aspect, it
has been shown that TRH is widely distributed in
the CNS of mammals (Winokur & Dtiger 1975;
Wilber et al. 1976), being also present in the
nervous structures of some invertebrates (Grimm-

Jorgensen et al. 1975), and that it has neurotrans-
mitter and behavioural effects (Wilber et al. 1976).

The actions of TRH stimulating TSH synthesis
and secretion are well documented, both from the

pharmacological and physiological point of 'view
(Montoya et al. 1975; Vale et al. 1977; Szabo &
Froman 1977). Sex differences in serum TSH and
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thyroid hormones have been reported in adult
animals (Fukuda et al. 1975; Kieffer et al. 1976;

Simpkins et al. 1976; Fukuda & Greer 1978; Chen
i984). Although the prenatal and postnatal de-
velopment of different parameters of the TRH-
pituitary-thyroid axis has been previously re-
ported (Dussault & Labrie 1975; Cons et al. 1975;
Fisher et al. 1977; Fukuda & Greer 1978; Oliver et
al. 1980; Lamberton et al. 1984) no data are
available to relate the neonatal change of differ-
ent sources of TRH (CNS) with the controlled

parameters (TSH and thyroid hormones) in both
sexes.

The preseni: report represents an attempt to
elucidate whether these parameters are interre-
lated during postnatal development and if there is
sex dependence.

Materials and Methods
Animals

Female Sprague-Dawley rats, fed standard laboratory
rat chow, were housed under an automatically con-
trolled temperature (20-23°C) and light-dark cycle
(08.00-20.00 h); one adult (pregnant or with litter of
10 pups), or 6 pups (after weaning at 21 days) per cage.
The animals were decapitated at 5, 10, 15, 20, 30 and
45 days after birth. Decapitation was carried out be-
tween 10.00 and 12.00 a.m.
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SamPles

Immediately after decapitation, the brain was removed
and the olfactory lobes, hemispheres, cerebellum, dien-

cephalon, hypothalamus, brain stem and spinal cord
were dissected, placed in liquid nitrogen and kept at
-70°C till processed. Thereafter, they were weighed
and homogenized in 10 volumes (w/v) of chilled 90%

methanol by sonication. After centrifugation at 2500 g
for 30 min at 4°C, the supernatants were collected and
brought to dryness under nitrogen flow at 37°C. Dry
extracts were suspended in 0.15 M NaCI, 0.01 M phos-
phate (PBS), pH 7.4 and kept at -20°C until TRH assay
was performed.

Trunk blood was allowed to clot. After centrifugation
aliquots of sera were kept at -20°C until assayed for
thyroid hormones and TSH. In animal s aged less than
10 days, pools of sera (2-3 animals) were made.

Assays

TRH was measured by RIA as previously reported
(Montoya et al. 1975) using synthetic TRH (Beckman)
for radioiodination and as reference material. Minimal

detectable dose was 20 pg/tube.

Serum TSH was measured by RIA using the im-
munoreactants kindly provided by the NIADDK, and
goat anti-rabbit gamma globulin obtained in our labora-
tory.

Serum T3 and T4 were measured by RIA, as described
by Obregón et al. (1978, 1979) using antibodies from
Henning. L-T2 and L-T3 were used for radioiodination

and L-T3 and L-T4 as reference. Iodothyronines were
from Sigma. Antibody bound and free hormone were
separated using polyethyleneglycol (Carbowax 6000)
and bovine gamma globulin.

S tatistics

Data are expressed as means (6-10 animals) :t SE.

Comparisons between groups were done using the
non-paired Student's t-test. Statistically significant dif-
ferences were considered at P < 0.05.

Results
/mmunoreactive TRH

In general, the concentrations of TRH found

were highest in the hypothalamus, followed by the
diencephalon, spinal cord, olfactory bulb, brain
stem, cerebeIlum and hemispheres, in this order.

TRH concentration in the hypothalamus
showed a progressive increase from day 5 to 30
(Fig. lA) both in males and females. Values on
day 45 were similar to those on day 30. No statisti-
caIly significant differences were observed in this
structure between sexes.
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Fig.l.

TRH concentration during postnatal development in
the hypothalamus (A) and diencephalon (B) of male
(8-8) and female (0---0) rats. Data are expressed
as means of 6-8 samples:t SE. Asterisks represent
statistically significant differences between males and

females (P < 0.0l).
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In the diencephalon (Fig. lB), a sharp increase
in TRH concentration was observed at 15 days in
males, with peak values at 30 days, whereas in
females a plateau was observed between days 20
and 30, being significant the statistical comparison
with males at this age. .

In spinal cord (Fig. 2A) in males, maximal
values were obtained at 20 days, decreasing there-
after. In females, values increased progressively
up to day 20, and then maintained a plateau. This
different behaviour led to significant differences
between sexes at day 20.

TRH in the olfactory bulb showed similar be-
haviour to that described for the spinal cord,
except that in males there was a further increase
at 45 days (Fig. 2B). StatisticaIly significant dif-
ferences between both sexes were observed at

days 20 and 45.
Brain stem TRH values were similar at aIl times

in males and females. Peak values were attained

on day 20 (Fig. 2C).
In the hemispheres, there was no detectable

TRH at 5 days. The low values detected at day 10



"

0..0.."<>
I"

Fig.2.

TRH concentration during postnatal development in
the spinal cord (A), olfactory bu lb (B) and brain stem'
(C) ofmale (~) and female (0---0) rats. Data are

expressed as means of 6-8 samples:t SE. Asterisks
represent statistically significant differences between
males and females (* = p < 0.05; ** = p < 0.0l).

ND = non detectable.

were maintained with minor changes throughout
the different times studied (Fig. 3A). No differen-
ces were observed between both sexes.

At 5 and 10 days, TRH was not detectable in
cerebeIlum. Maximal values were seen on day 20,
and then decreased. A further increase was ob-

served at 45 days in females (Fig. 3B).

Serum TSH

Gn day 5, TSH values in males were lower tnan
those in females (Fig. 4). However, values in b@th

sexes increased up to day 15, decreasing later on
day 20. This decrease was maintained in females,

whereas males showed a further increase at day
30. Significant differences were therefore ob.
served between both sexes at days 30 and 45.

Serum thyroid hormones

Serum T3 values (Fig. 4) increased both in males
and in females from day 5 to 20 (females) or day
30 (males). A slight decrease was seen after this
time. No significant differences were observed
between both sexes except at 15 days.

A similar behaviour was seen in serum T4

(Fig. 4), except the decrease at 30 and 45 days
was more pronounced in fe males than in males
(P < 0.05 at day 45).

**

Discussion

The deveIopmental pattern of the hypothalamic.
pituitary-thyroid axis, as weIl as the ontogenesis of
CNS TRH has been studied previouly (Dussault &
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TRH concentration during post natal development

in the hemispheres (A) and cerebellum (B) of male

( ) and female (0---0) rats. Data are expressed

as means of6-8 samples :t SE. ND = non detectable.
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Fig.4.
Serum levels of TSH (A), T4 (B) and T3 (C) during
postnatal development in the rato (8-8) male,
(0---0) female. Data are expressed as means of 6-8
samples :t SE.Asterisks represent statistically significant
differences between males and females (* = p < 0.05;

** = p < 0.01).
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Labrie 1975; Cons et al. 1975; Fisher et al. 1977;
Fukuda & Creer 1978; Sowers et al. 1980; Oliver
et al. 1980; Lamberton et al. 1984). Most studies
have been carried out in one sex or pooling data
f}om both sexes. To our knowledge, the results
reported here represent the first study in which
the developmental pattern of CNS TRH, and
serum TSH and thyroid hormones has been in-
vestigated in both sexes.

We found that although there is a progressive
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increase in the concentrations of CNS TRH,
serum TSH and thyroid hormones, there is no
parallelism in this in crease : while in most struc-

tures TRH attained maximal values at day 20 or
30, TSH and T4 peak values were obtained at day
15. This would be in agreement with results found
by others (Theodoropoulus et al. 1979; Strbak &
Creer 1979): that TSH secretion is independent
of TRH in the perinatal rat.

The pattern of TSH and thyroid hormones
presented here is very similar to that found by
Fukuda & Creer (1978), who also showed the

presence of sexual differences in this parameter
from day 30 which marks the onset of puberty in
the rat. The existence of sex difference in these

parameters has also been reported by others
(Fukuda et a1. 1975; Kieffer et al. 1976; Simpkins
et al. 1976; Chen 1984) and has been shown to be
testosterone-mediated (Christian son et al. 1981).
Since most of the T3 present in the pituitary is of
intrapituitary T4 monodeiodination (Larsen et al.
1981), the in crease in semm TSH seen until

day 15 may reflect the progressive de crease in the
pituitary T4 5'-monodeiodination described by
Cheron et al. (1980). As stated by these authors,
this phenomenon would also explain the coexi-
stence of low circulating levels of thyroid hor-
mones and TSH.

Pituitary TSH secretion and thyroid hormone
secretion seem therefore to be independent of
CNS TRH. Since most of the parameters of rat
brain maturation, induding cell proliferation and
protein synthesis, are not achieved until day 17 of
postnatal development (Winick & Noble 1965,
1966), the TRH increase in CNS during this time
may represent the progressive maturation of
TRH synthetising neurons and mechanisms.
Whether this maturation depends on thyroid hor-
mone or not remains to be established. Besides

thyroid hormone, other hormones so far un-

known may also influence TRH synthesis, since
sex differences in TRH concentration in different

parts of the CNS were present at different times
of postnatal development.
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