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SUMMARY

Progesterone-induced release of luteinizing hormone (LH) and of follicle-stimulating hor-
mone (FSH) was studied in immature female rats 3 days after an injection of estrogen or after
the placement of an electrolytic lesion in the basal hypothalamus. Both types of sequential treat-
ment elevated plasma concentrations of LH more than 2o-fold as compared with controls. Plasma
FSH concentrations increased by a factor 3 after the sequence brain lesion-progesterone and by
a factor 5 after the combined hormonal treatment. Uterine weights, determined as a cumulative
index of prior exposure to endogenous or exogenous estrogen, were similarly increased in both
groups.

It is concluded that this type of brain lesion is able to replace an injection of estrogen in
priming an immature female rat for the subsequent progesterone-induced gonadotropin release
and that a unilateral hypothalamic lesion placed, on day 23 of life, near the origin of the pitui-
tary stalk, is the approximate equivalent of 1o pg estradiol benzoate injected subcutaneously
at that time. These findings support our view that brain lesions advance sexnal maturation in the
female rat via the precocious activation of ovarian steroidogenesis rather than by removing
neural restraints upon the reproductive system.

The observation originally made by DoNOVAN and VAN DER WERFF TEN BoscH
(1956) that sexual maturation in the female rat can be advanced by small electro-
lytic lesions placed in certain areas of the brain has been confirmed and extended by
various investigators (see DoNOVAN and VAN DER WERFF TEN BoscH, 1965 ; CriT-
cHLOW and BAR-SELA, 1967 ; RAMIREZ, 1973 ; DAVIDSON, 1974 for review). In
contrast, the mechanism by which such lesions are able to stimulate the repro-
ductive system has remained obscure (DAVIDSON, 1974).

(1) Address for correspondence : Fondation pour Recherches médicales, 64, avenue de la Roseraie,
1211 Genéve 4 {Switzerland).
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In previous studies, we have found : a) that lesion-induced precocious puberty
in the rat is associated with a rapid and sustained increase in ovarian steroidogenesis
(RUF ¢t al., 1974 ; YOUNGLAI et al., unpublished), b) that small amounts of exo-
genous estrogen administered in conjunction with the brain lesion may exert a facili-
tatory effect (KrrcHEN ¢f al., 1975 ; RUF ¢ al., in press), and ¢) that brain lesions
and injections of small amounts of estrogen both increase the ratio between lutei-
nizing hormone (LH) and follicle stimulating hormone (FSH) in anterior pituitary
gland and in plasma over subsequent days (KITCHEN ¢t al., 1975 ; YOUNGLALI ¢ al.,
unpublished). From these findings, we conclude that ovarian steroids, in particular
estrogen, are important mediators of the effect of brain lesions on sexual maturation
and that the development of the positive (stimulatory) feedback to estrogen is a
crucial component of this process.

In the immature female rat, the ability to respond to an injection of estrogen
with a discharge of LH (CALIGARIS ¢f al., 1972) and of FSH (CALIGARIS ¢f al., 1973)
matures around day 28 of life. This pattern of response can be induced in younger
animals, from about 21 days onwards, provided that they have been exposed to
a « priming » injection of estrogen some 3 or more days before the application
of the evoking stimulus (CALIGARIS et al., 1972, 1973). Infusion experiments have
also shown that prolonged exposure to estrogen is able to induce the maturation
of this positive feedback system (StEeLE and WEIsz, 1974). The nature of this
maturational process is yet to be defined; it appears that both cerebral and
pituitary sites must be considered (SMiTH and DAvIDSON, 1974; DOCKE and
DORNER, 1974) and that estrogen is also required for the maturation of the ovary
itself (REITER ef al., 1972 ; MERK et al., 1g72).

In estrogen-primed immature rats, the gonadotropin surge can be induced either
by an appropriately timed second injection of estrogen or by the administration of
progesterone, the latter treatment being the more efficient one (CALIGARIS ef al.,
1972, 1973). The main purpose of this study was to compare the priming efficiency
of an injection of estrogen with that of a brain lesion in such an experimental design.
Our results indicate that on day 23 a brain lesion can substitute fully for the priming
effect of estradiol in terms of subsequent progesterone-induced LH release, whereas
it is less efficient in promoting subsequent FSH release. The data are in line with our
view (RUF ef al., 1974) that the effect of brain lesions on sexual maturation of the
female rat is primarily mediated by ovarian steroids liberated in response to the
brain stimulus.

Part of these findings have been published in preliminary form (RuUF et al.,

1975 a).

MATERIALS AND METHODS

Female albino rats (Sprague-Dawley derived SIV-50) of certified age were obtained at
21 days of age and caged in groups of 8 under conditions of controlled illumination (lights on
from 0700-1goo h). On day 23, they were evenly distributed over different experimental groups
on the basis of their body weight (range 57-71 g). Around noon, they were either primed with
10 pg estradiol benzoate (EB) (in peanut oil, 0.2 ml s.c.) or subjected to a unilateral electrolytic
lesion situated near the origin of the hypophysial stalk. The technique of placement of lesions
— also referred to as « electrochemical stimulation » (EVERETT and RADFORD, 1961) — and the his-
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tological appearance of the lesion site have been described in full elsewhere (RUF ¢f al., 1974).
Briefly, rats were.anaesthetized with ether, placed in a stereotaxic frame, and an insulated steel
electrode (outside diameter 0.25 mm) with a bare tip of about 1 mm was lowered into the area of
the left arcuate/ventromedial nucleus. A direct anodal current of 0.5 mA was passed for 15 sec
(7.5 mC). On average this operation was completed in less than 3 min, and the period of anaes-
thesia did not exceed 5 min. On day 26, at noon, animals were injected with 1 mg progesterone
(in peanut oil, 0.2 ml s.c.) and decapitated exactly 5 h later (CALIGARIS ¢ al., 1972, 1973). Plasma
was stored at —30°C and assayed for LH and FSH concentrations using NIAMDD-NIH radioim-
munoassay kits. In a variation of this experimental design, the progesterone injection was re-
placed by an injection of 1o ug EB at noon on day 25, the time of sacrifice remaining the same
(CaLIGARIS ef al., 1972, 1973). After decapitation, brains were fixed in 10 p. 100 formaline/saline
for subsequent histological verification of lesion sites. Anterior pituitary glands were dissected
free, weighed and frozen for determinations of gonadotropin concentrations. Ovaries and uteri
were blotted on filter paper and weighed.

RESULTS

1. — Progesterone-induced LH release in rats primed
with an injection of EB or with a brain lesion

Figure 1 illustrates that animals primed with an injection of EB on day 23 and
then injected with progesterone on day 26 exhibited high plasma concentrations
of LH when sacrificed 5 h later (718 4+ 107 ng/ml; N = 8 for all groups). Plasma
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Indices refer to the age (in days) at which treatment was applied.
All animals were sacrificed around 17 oo h on day 26 of life

LH concentrations were equally high (743 + 209 ng/ml) when the injection of
EB had been replaced by a unilateral hypothalamic lesion. In contrast, in untreated
controls of the same age and in (unprimed) rats treated with progesterone only,
plasma LH values were found to be below the limit of sensitivity of the assay system
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used (< 15 ng/ml). Plasma LH concentrations were detectable and of similar magni-
tude 77 h after an injection of EB on day 23 alone (35 + 2 ng/ml) or after the place-
ment of a brain lesion alone at that time (35 + 10 ng/ml). From these results, it is
concluded that an injection of 10 pg EB and a brain lesion are approximately equi-
potent in priming the I.H-release system in these developing rats, both with respect
to « spontaneous » release and with regard to the subsequent triggering action of
progesterone.

Pituitary LH concentrations (fig. 1) differed considerably in these experimental
groups. After the combined hormonal treatment they were significantly (p < 0.003)
lower than the values found in all other groups. A brain lesion on day 23 did not
significantly increase pituitary stores above control values, but a large increase
(¢ < 0.001) was noted in (unprimed) animals treated with progesterone only. These
data confirm that the releasing action of progesterone is dependent on prior exposure
of the system to estrogen and indicates that the massive LH release induced by the
EB/progesterone treatment is not fully compensated for by increased synthesis,
whereas the brain lesion is better able to maintain pituitary stores in the face of
increased release.

2. — Progesterone-induced FSH velease in vats primed
with an injection of EB or with a brain lesion

As shown in figure 2, the combined hormonal treatment was most effective
(p < 0.05 as compared with all other groups) in elevating plasma concentrations
of FSH (980 + 91 ng/ml). The sequence brain lesion/progesterone induced a rise
(to 565 + 144 ng/ml) which was significant (p < 0.05) as compared with controls,
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but was clearly less pronounced than that achieved with the former approach.
Neither the brain lesion alone nor any of the single hormone injections led to signi-
ficant increases in circulating plasma FSH. With respect to pituitary FSH concen-
trations (fig. 2) results were similar to those of LH, except that the treatment with
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progesterone alone did not lead to a significant increment. These data are in line
with earlier observations (KITCHEN ef al., 1975) that brain lesions favor the release
of LH over that of FSH.

3. — Uterine hypertrophy in rats primed
with an injection of EB or with a brain lesion

The determination of uterine weights at the time of sacrifice affords a conve-
nient method for the quantitative estimation of prior exposure of different experi-
mental groups to endogenous or exogenous estrogen. Figure 3 indicates that the
combined hormonal treatment and the sequence brain lesion/progesterone resulted
in similar degrees of uterine hypertrophy. EB treatment on day 23 only, and brain
stimulation only, likewise had comparable effects on uterine growth. In contrast,
uterine weights were significantly (p < 0.001) lower in untreated controls or in
(unprimed) animals having received progesterone only on day 26.
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On the basis of these data, it can again be concluded that the brain lesion is the
approximate equivalent of 10 pg EB and that progesterone exhibits positive feed-
back effects only after prior exposure of the system to estrogen.

4. — EB-induced gonadotropin release in rats primed
with a brain lesion or with EB

Immature estrogen-primed rats discharge gonadotropins also in response to
an appropriately timed second injection of estrogen, but the magnitude of this
response is less than the one triggered by progesterone (CALIGARIS ef al., 1g72).
When rats were given 2 injections of 10 ug EB, one on day 23, the other on day 25,
all endocrine parameters determined in the afternoon of day 26 showed considerable
scatter (table 1). Animals in which the first injection of EB had been replaced by a
brain lesion differed from this population only in that their pituitary LH concentra-
tion was significantly increased ; both approaches proved equally efficient in eleva-
ting plasma LH concentrations and uterine weights above controls. Since a single
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injection of EB on day 23 did not trigger a discharge of LH on day 26 (fig. 1), its
ability to do so in older animals was tested. EB injected on day 24 did not lead to
a significant increase in plasma IH, but a considerable increase over (nondetectable)
control values was seen when the steroid was administered on day 25 (table 1).

TABLE I

Effects of various types of estrogen treatment
on the veproductive system of female rats

I
Plasma LH Plasma FSH | Pituitary LH Plt? itary {Uterine weights
Type of treatment | N (ng/m1) (ng/ml) (g/mg) FSH : (mg)
& & W (ug/mg) |
| |
EByy/EBys «oevvn.. 8 | 2944 &£ 240 12269 4 451 | 36.5 4- 5.37 1 9.4 4 1.3 | 149.6 £ 13.1f
Lyy/EBgs. e 8 | 612.7 + 298,34 w! 3441 + 9512 | 56.8 + 3.7¢ 14.2 £ 149 1682 + 12.3¢
EByonly ......... 8 | 23.8 & 3.5 ] E 102.6 + 2.9
EBgonly ......... 8 | 124.6 £ 509 2044 4 17.9 51.8 £ 557 | 154 + 3.0 919 L 5.5
Untreated controls 8 < 13 198.5 4+ 15.7 18.1 + 2.0 | 13,7 4 3.2 36.7 + 3.5
a:p> 03;
b:p> 0.2;
c:p < 0.001;
d:p> 0.10;
e: p > 0.30, as compared to combined hormonal treatment ;
fip < 0.05 as compared to untreated controls.

These data indicate that also in this test system, the brain lesion has a priming
effect which is comparable to the injection of 10 pg EB and that a progressive matu-
ration of the positive feedback system for LH release takes place during the obser-
vation period.

DISCUSSION

In this study, the priming effect of a dose of 10 ug EB administered to immature
rats on day 23 of life was compared with the priming effect of a hypothalamic lesion
placed in animals of the same age. Judged on the basis of the LH release induced by
a subsequent injection of progesterone or by a (second) injection of EB (CALIGARIS
et al., 1972), both treatments were found to be of equal estrogenic potency. In con-
trast, the brain lesion proved less efficient than the injection of EB in priming the
system for subsequent progesterone-induced FSH release (CALIGARIS ¢f al., 1973).

The mode of action of brain lesions in advancing sexual maturation in the
female rat has been discussed for many years (DAVIDSON, 1974). It is generally
held that these lesions remove inhibitory brain influences upon the reproductive
axis, but a possible role of estrogen in the mediation of this lesion effect has been
suggested earlier by RaMirez and SAWVER (1965). Our demonstration that brain
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lesions induce an increase in ovarian steroidogenesis which is demonstrable as
early as 1 h after their placement and which is sustained over subsequent days
(RUF ef al., 1974) has added further weight to this suggestion. In prepubertal (FERIN
et al., 1969) as well as in sexually mature (BROWN-GRANT ¢f al., 1970) female rats, the
essential role of estrogen in triggering an ovulatory surge of LH is well established.
Other studies have shown that this positive feedback system is already functional
before puberty (CALIGARIS ¢t al., 1972, 1973) and it is likely that the administration
of estrogen may not only serve to demonstrate its presence at this time but that it
actively causes the system to mature (STEELE and WEIsz, 1974).

Similar considerations apply to immature female mice, in which the essential
role of estrogen in the mediation of socially induced puberty has been confirmed
(BrONSON, 1975). The definjtion of the morphological substrate underlying this
positive feedback response and of the mode of action of estrogen requires further
study ; both the hypothalamus (e.g. RAMIREz and SAWYER, 1974 ; LEGAN and
KarscH, 1975 a), and the anterior pituitary gland (Smrra and DAvIDSON, 1974,
DoOckE and DORNER, 1974) have been proposed as estrogen effector sites and sugges-
tions as to its mode of action include increased synthesis of the luteinizing hormone
releasing hormone (LRH) (JACKSON, 1g72), changes in the threshold of excitability
of central neurons (SAWYER, 1970 ; LEGAN and KARsCH, 1975 a), interactions with
hypothalamic adrenergic mechanisms (KALRA ef al., 1971 ; TALEISNIK ¢f al., 1971)
and modulation of pituitary responsiveness to LRH (e.g. ATVER ef al., I974).
In our hands, rats injected with LRH at various times after the placement of
a hypothalamic lesion consistently showed an impaired rather than an enhanced
LH and FSH response (unpublished results) which suggest that pituitary sensi-
tization to LRH may not be a major factor in lesion-induced precocious puberty.
As recently shown in rats (LEGAN and KARScH, 1975 b) and in pigs (FOXCROFT
et al., 1975 ; POMERANTZ ¢t al., 1975) facilitatory effects of estrogen on gonadotropin
release may be observed in the presence of depressed pituitary responsiveness to
LRH. Whereas brain lesions readily induce precocious sexual maturation in the
female rat, other species are notoriously refractory to this experimental manipu-
lation, and this approach also fails completely in the male rat (Crrrcarow and BAr-
SELA, 1967), though the male ferret appears to be responsive (BAuMm and GOLDFooT,
1974). It is conceivable that the female rat is predisposed to this response by her
exceptionally short estrous cycle — which requires a particularly powerful stimu-
latory feedback system — whereas the male is refractory to lesions probably at least
in part because he is unable to respond to gonadal steroids with a gonadotropin
surge (CALIGARIS et al., 1972, 1973).

Sexual Maturation 3vd workshop
August 31, September 3, 1975.
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RESUME

PUBERTE PRECOCE CHEZ LA RATTE :
MODE D’ACTION DES LESIONS HYPOTHALAMIQUES

La sécrétion induite par la progestérone d’hormone lutéinisante (LH) et folliculo-stimulante
(FSH) a été étudié chez des rattes prépubéres, d'une part trois jours aprés une injection de
10 pg d’ocestrogéne, et d’autre part trois jours aprés une lésion électrolytique de I’hypothalamus
basal. Dans les deux cas, les valeurs plasmatiques de LH augmentent en comparaison avec
celles rencontrées chez les animaux témoins. La FSH plasmatique a, quant 4 elle, augmenté trois
fois aprés lésion/progestérone, et cinq fois lors du double traitement hormonal cestrogéne/proges-
térone. Le poids de I'utérus reflétant I'exposition aux stéroides, endogénes ou exogénes, augmente
de maniére comparable dans les deux cas.

Nous concluons que ce type de lésion cérébrale est capable de remplacer une injection d’cestro-
géne pour permettre a la progestérone de déclencher une libération des gonadotrophines chez la
ratte prépubére. Une lésion hypothalamique unilatérale prés de la tige pituitaire, au 23 jour de
vie, agit comme une injection de 10 pug de benzoate d’cestradiol le méme jour.

Ces résultats accréditent notre thése selon laquelle les 1ésions cérébrales accélérent la matu-
ration sexuelle chez la ratte, par une activation précoce de la stéroidogenése ovarienne plutot que
par la suppression d’une inhibition d’origine nerveuse sur le systéme reproducteur.
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