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EXPERIENTIA 27(3

Hypothalamic Monoamines and Pineal Dopamine During the Sexual Differentiation of the Rat Brain

It has recently been shown with a histochemical
method that the primary catecholamines in the median
eminence of the hypothalamus appear for the first time
at the 5th postnatal day of the rat-2. Some fluorescent
nerve fibers have been observed also before birthl. On
the other hand, it is wellknown that the 10 first post-
natal days are critical for the sexual differentiation of
the rat brain3-%. In the adult rat hypothalamic mono-
amines are necessary for the regulation of gonadotrophin
secretion®-3, Some results indicate that the concentra-
tion of 5-hydroxytryptamin in the brain may be related
to the sexual differentiation?. However, it is not clear
whether the hypothalamic monoamines (dopamine, DA ;
noradrenaline, NA; S5-hydroxytryptamin, 5-HT) are
related to the process of the sexual differentiation of
the brain.

The aim of the present study is to clarify whether
there are sudden changes in the content of the hypo-
thalamic monoamines during the critical period of sexual
differentiation. The DA content in the pineal gland
during the postnatal days was also analyzed.

Material and method. The material consists of 326
albino rats. In the groups of the youngest rats (0-1-,
4-, 10-day-old) both sexes were studied separately,
whereas only male rats were used in the older age-groups
(30, 60 days). Rats were kept in a heat-stable (+ 25°C),
humidity-controlled (60%) room with constant light
period (08.00-20.00 h). The animals were killed between
09.00-11,00h. NA and 5-HT were analyzed micro-
chemically from the hypothalamus and cerebral cortex
according to MaickeL et al.1°, DA was determined from
the hypothalamus, forebrain or cerebral cortex, and
pineal gland by the method of LavErTY and SHARMANIL
Each sample consisted of the tissue extract taken from
3-6 individual animals, The pineal glands were pooled
from 10-15 animals to make one sample.

Results and discussion. The content of NA increased
highly significantly from the 4th to the 10th day (Table I).
Its content was quite low at birth but increased approxi-
mately threefold until the 60th day, when it approached

the adult level. The content of DA (Table IT) and 5-HT
was low at birth and increased slowly and gradually
without any fast steps. No sexual differences were seen
in the concentration of any monoamine in 0-1-, 4- and
10-day-old rats. In the pineal gland the content of DA
was not measurable before 10 days of age, when it was
approximately 4 ng/gland (Table 1I).

Previously the content of DA, NA, and 5-HT have
been quantified in the whole rat brain®-12:13 and even
in some parts of the brain!* during the ontogenic devel-
opment. However, the concentrations of the mono-~
amines in the hypothalamus which is important for the
sexual differentiation have not been measured. Only Kragr
et al.1®* have analyzed hypothalamic DA and NA quantita-
tively during the puberty of the rat. No clear changes
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Table I. Hypothalamic NA and 5-HT during the postnatal development of the rat

Days 0 4 10 30 60

NA

Hypothalamus 042+ 0.18 (7) 0.49 4 0.10 (7)* 0.81 4 0.20 (9)® 1.254 0.49 (9) 1354+ 032 (13)
Cerebral cortex 0.20 4+ 0.04 (7) 0.18 +0.11 (7) 0.25 4- 0.04 (9)¢ 0.46 4- 0.08 (7) 0.58 £ 0.21 (11)
5-HT

Hypothalamus 0.54 4- 0.04 (3) 0.67 4 0.02 (5) 0.69 -1- 0.17 (5)® 1.19 4 0.43 (11) 1.07 4+ 0.37 (14)
Cerebral cortex 0.45 4 0.24 (3) 0.354-0.02 (5) 0.48 4 0.14 (5) 0.53 +0.14 (9) 0.60 4 0.20 (13)
Table II. Hypothalamic and pineal DA during the postnatal development of the rat

Days 1 4 10 30 60
Hypothalamus 0.20 + 0.07 (5) 0-0.19 (4) 0.17 + 0.04 (5) 0.21 + 0.09 (3) 0.24 + 0.11 (4)
Forebrain 0.24 4+ 0.08 (5) 0-0.07 (4) — — -

Cerebral cortex - — 0.05 -+ 0.01 (4) 0.08 + 0.04 (4) 0.19 4 0.11 (4)
Pineal (ng/gland) gland ¢ 0 4 10 12

Means pgf/g 4- S.D. In parenthesis the number of extracts obtained from 3-6 individual rats. ® Highly significant difference between the 4th
and 10th day. * Almost significant and ¢ highly significant difference between the 10th and 30th day.
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were, however, encountered. The present study supports
the results obtained by the fluorescent histochemical
studies®:2. It appears that only the angmentation of the
NA content is fast during the critical period. Thus, the
appearance of the bright green fluorescence in the median
eminence might be due to the rapid increase of the NA
content. On the other hand, it has been shown that the
green fluorescence inside the pineal gland is visible
already in the 2-day-old rat¢. In the present study DA
was not possible to measure at that age, and thus the
early fluorescence can be due to NA in the pineal nerves.

Even though the role of DA in the adult hypothalamus
for the regulation of the gonadotrophin secretion has been
emphasized ?-3, its concentration in the early life does not
seem to be related to the sexual differentiation in rat.
Recently it has been supposed that the 5-HT content
might be related to the process of sexual differentiation
of the rat brain?®. Its concentration in the whole brain was
also modified by androganization procedures. This obser-
vation could not be confirmed in the separate hypo-
thalamus, though the 5-HT content in the cerebral cortex
was significantly higher in female than in male rats at
the age of 60 days?”.

Because the 10 first days are critical for the general
function of the brain?s, it should not be surprising if the

Feedback Effect of Estrogen on FSH Secretion

Intrahypothalamic implants of small quantities of
estrogen have been shown to suppress the synthesis as
well as the release of luteinizing hormone (LH)!-% Since
brain implants of estrogen can also induce gonadal
atrophy and can block ovarian compensatory hyper-
trophy, it has been argued that they may also inhibit
follicle-stimulating hormone (FSH) secretion®-12, How-
ever, clear-cut information based on direct measurements
of FSH is still lacking. This is mainly due to the fact
that the bioassay used for measuring FSH is less sensitive
than that used for evaluating LH, so that reliable
measurements of plasma FSH cannot be performed.
This situation will undoubtly improve soon with the
development of specific and sensitive radicimmunoassays
for the measurement of plasma FSH levels in animal
species.

An attempt to overcome this methodological gap has
been made in the experiments here to be described, by
selecting appropriate experimental conditions. Minute
amounts of estradiol have been placed in the median
eminence of the hypothalamus or in the anterior pituitary
of sexually mature male rats. Male animals have been
selected because they permit us to obtain a satisfactory,
even if indirect, evaluation of blood levels of FSH and
LH; as is known, the weight of the testes is directly
related to the amounts of FSH present in the circulation,
and the weights of ventral prostates and of seminal
vesicles provide satisfactory indications of the amounts
of circulating LH-ICSH (interstitial cells-stimulating
hormone) 3.

Materials and methods. Adult male rats of the Sprague-
Dawley strain were used in the experiments here to be
described. They were allowed a standard rat pellet diet
and water ad libitum. Cannulae bearing estradiol 178
were implanted into the median eminence (ME) or the
anterior pituitary gland (PIT), using a Stoelting stereo-
taxic instrument and Kriec’'s* atlas, Implants were
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content of monoamines increases. However, more detailed
studies on the metabolism of the hypothalamic mono-
amines may confirm whether the monoamines are neces-
sary for the sexual differentiation of the structures that
control gonadotrophin secretion®.

Zusammenfassung. Der Gehalt an Monoaminen im
Hypothalamus der Ratte wurde wihrend der sexuellen
Differenzierung bestimmt, wobei fiir das hypothalamische
Noradrenalin eine signifikante Zunahme zwischen dem
4. und 10. Tag gefunden wurde.
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fixed to the skull with dental cement and left in situ
for 5 days.

At the end of the experiment, animals were sacrificed
using a guillotine. The fresh weights of the pituitaries,
testes, prostates and seminal vesicles were recorded.
Because of the observation-17 that male rats exhibit
a diurnal wvariation in the concentrations of gonado-
tropins in their pituitaries, all animals were killed at the
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