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Polyamines, putrescine (PUT), spermidine (SPD), spermine
(SPM), and agmatine (AGM), are polycationic amines related to
multiple cell functions found in high concentrations during the
development of hypothalamus and pituitary. In previous works,
we demonstrated that a-difluoromethylornithine (DFMO), an in-
hibitor of polyamines biosynthesis, induced a delay in puberty
of female rats, accompanied by high, sustained follicle-
stimulating hormone (FSH) levels during the infantile period.
Also, DFMO treatment induced changes in polyamine concen-
tration both In hypothalamus and pituitary of rats, mainly a de-
crease of PUT and SPD, an increase in SPM, and no change in
AGM. In the present work, we investigated the direct effects of
polyamines on the secretion of hypothalamic GnRH and pitu-
itary gonadotropins in 6- and 15-day-old female rats. In 6-day-
old animals, in vitro incubations with PUT, SPD, and AGM of
hypothalami or anterior pituitaries were able to inhibit GnRH,
FSH, and leutinizing hormone (LH) secretion, respectively. SPM
showed a nonspecific transient inhibitory effect on FSH. When
challenged with either high K* (hypothami) or GnRH (pituitar-
ies), the tissues incubated in the presence of polyamines
showed no differences when compared with their controls. No
effects of polyamines In 15-day-old rats in either tissue were
observed. Pituitary cell cultures of 6-day-old animals incubated
with DFMO for 4 days showed a significant increase in FSH, but
not in LH. We conclude that high PUT, SPD, and AGM levels
during the first 10 days of life are important for the development
of the hypothalamic-hypophyseal unit, probably related to an
inhibitory effect on GnRH and gonadotropins. Therefore, poly-
amine participation, especially PUT and SPD, is of importance
in the regulation of GnRH and gonadotropin secretion in the
neonatal and infantile periods, critical stages in the establish-
ment of sexual differentiation.
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tiple physiological roles in tissue growth and differ-
entiation, body weight increment, brain organization
molecular mechanisms of hormonal action, intracellular sig-
naling, and paracrine communication (1-3). The most clas-
sical components of this group are putrescine (PUT), spet-
midine (SPD), and spermine (SPM); recently, agmatirle
(AGM) was also described in brains of mammals (4, 5)-
In the rat, several studies have shown that polyamin®
levels, as well as the activity of ornithine decarboxylase, the
rate limiting enzyme for polyamine biosynthesis, were high-
est during development and declined after the growth pro”
cess stopped; furthermore, inhibition of their synthesis duf”
ing development by a-difluoromethylornithine (DFMO)
impaired normal brain development (6, 7). In contrast
treatment of newborn rats with polyamines induced preco”
cious somatic and behavioral development (8). In adult$:
polyamines have also been shown to influence neuroendo”
crine interactions during the estrous cycle, and fluctuation’
in ornithine decarboxylase activity and polyamine conce?”
trations have been reported (9). In addition, in a pioﬂeer
work, White et al. (10) showed that polyamines were related
to gonadotropin release and this was later confirmed by
other authors (11, 12). Polyamines, specifically putresciffe’
were also related to y-aminobutyric acid (GABA) synthes!®
a neurotransmitter critically involved in the regulation ©
gonadotropin secretion (13). In previous studies, w¢ de-
scribed that DFMO administered during the first 10 days ©
life in female rats, but not at later ages, was followed by
prolonged high follicle-stimulating hormone (FSH) seru”
levels and a delayed puberty onset (14). Those changes Wer_e
relatively independent of body mass and they did not impalf
posterior fertility. DFMO treatment in a critical develoP”
mental period in the female rat impacted on the immatuf®

Polyamines are a group of aliphatic amines with mul-



GnRH neuronal network and immature gonadotropes. A
delay in maturation was evidenced by a higher sensitivity to
secretagoges in both pituitary glands and hypothalamic ex-
plants (14, 15). More recently, we identified and measured
the four polyamines mentioned above in relevant neuroen-
docrine areas, i.e., hypothalamus and pituitary, of the de-
veloping rat, comparatively in males and females (Thyssen
SM, Libertun C, unpublished data). Briefly, each polyamine
showed its own pattern during development in the rat. Some
sex differences were observed where males always exhib-
ited higher values; PUT, SPD, and SPM titers were higher
in the pituitary, Whereas AGM was higher in the hypothala-
mus, In addition, in the above-mentioned work, we demon-
strated that in vivo treatment with DFMO effectively dimin-
ishes PUT and SPD production in both hypothalamic and
pituitary tissue.

In the present work, we determined the direct in vitro
effects of each polyamine, PUT, SPD, SPM, or AGM, on
hypothalamic GnRH secretion and pituitary gonadotropin
Secretion in developing female rats. Also, the in vitro effect
of DFMO on cell cultures of female pituitaries of 6- and
15-day-old animals was investigated.

Materials and Methods

Animals. Pregnant Sprague Dawley rats were housed
in an air-conditioned room with lights on at 0700 hr and off
at 1900 hr. They were given free access to laboratory chow
and tap water. Mothers with eight pups each were kept in
individual cages. Day of birth was considered as Day 1.
Female pups of 6 and 15 days of age were separated from
their mothers; they were quickly decapitated between 0900
and 1000 hr to avoid stress and to prevent variations due to
the circadian pattern, and the brains were quickly removed.
Hypothalami, including mediobasal hypothalamus and the
Suprachiasmatic-preoptic area, were dissected as described
(16); pars distalis of the adenohypophyses (neurohypophy-
ses were discarded under dissection microscopy) from the
Same rats were used.

Incubations. Tissues were immediately transferred
to vials containing 2 m! of Medium 199 (Sigma, St. Louis,
MO) and 0.1% bovine serum albumin (BSA; Sigma), pH
7.2, and were incubated in a Dubnoff metabolic shaker at
37°C, 60 cycles/min, under 95% O,, 5% CO, atmosphere.
Hypothalami or adenohypophyses were divided longitudi-
nally into halves and were randomized among vials, Two
hemi hypothalami were used in 6-day-old rats and one hemi
hypothalamus was used in 15-day-old animals to attain
Similar tissue weight. Four hemi pituitaries were used in
6-day-old rats and two hemi pituitaries were used in 15-
day-old animals.

After a 1-hr preincubation, the medium was discarded
and the tissue was washed twice with the same medium.
I'Tinally, 2 ml of fresh medium (Control) or medium con-
taining 1.1075 M of either PUT, SPD, SPM, or AGM was
added to each vial followed by a 150-min inciibation.

Samples were taken at 30 and 120 min, and the same vol-
ume of medium was replaced after each sampling; after the
second sample, the medium was supplemented with GnRH
(1.107® M final concentration) for pituitaries, or KCl (11
mM final concentration) for the hypothalami. The GnRH
concentration used was selected from previous works from
our laboratory (17) and those of others (18), where it was
demonstrated that lower concentrations do not induce sig-
nificant effects on gonadotropin release in this experimental
model.

Thirty minutes later, i.e., after the 150-min incubation,
a third sample was taken. All samples were stored at —20°C
for radioimmunoassay (RIA) determinations. Experiments
were repeated four times for pituitaries and five times for
hypothalami.

Pituitary cell dispersion and culture were done as pre-
viously described (19). Briefly, pituitary fragments of 6- or
15-day-old female rats were digested with trypsine and cells
were resuspended in a medium that consisted of Dulbecco’s
modified Eagle’s medium supplemented with horse and fe-
tal calf sera. Cells were plated in tissue culture plates,
50,000 cell/well, and were incubated at 37°C with 95% air
and 5% CO, . Cells were incubated for 4 days in the pres-
ence or absence (controls) of 5 mM of DFMO. Thereafter,
cells were washed and incubated in serum-free medium
M199 alone, or with GnRH (1.107", 1.107°, or 1.1077 M).
After 1 hr, medium was taken and frozen at -20°C for
hormone determinations. Experiments were repeated three
to four times, and each group consisted of four to eight
wells.

DFMO studies were conducted in dispersed pituitary
cells because preincubations lasted for 4 days before stimuli
were added, and pituitary halves cannot be kept in vitro for
so long. The other experiments were done in pituitary halves
to maintain the gland architecture, keeping cell connections
in place.

RIA. GnRH concentration in media was determined in
duplicate using the Anti-GnRH antiserum (EL 14, final di-
lution 1:500,000) kindly provided by Dr. William El-
linwood (Oregon Health Sciences, Portland, OR). Intra- and
interassay coefficients of variation were 9.3% and 14.3%,
respectively. Two hundred-microliter samples were tested,
and the detectability limit was 8 pg.

Samples (100 pl of culture medium) were measured in
duplicate for leutinizing hormone (LH) and FSH with kits
kindly provided by the National Institute of Diabetes and
Digestive and Kidney Diseases. Results were expressed in
terms of LH-RP2 and FSH-RP2 standards. Intra- and inter-
assay coefficients of variation were 7.2% and 11.4% and
8.0% and 13.2% for LH and FSH, respectively. The detect-
ability limit was 0.15 ng for LLH and 1.2 ng for FSH.

Statistical Analysis. Results were expressed as
mean percentage of variation + SE from three to five ex-
periments taking control values as a 100%. The mean GnRH
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values of 6-day-old control hypothalami were 622 + 118
pg/mg DNA after 30-min incubations, and 927 + 226 pg/mg
DNA after 120-min incubations. The mean GnRH values of
15-day-old control hypothalami were 310 + 46 pg/mg DNA
after 30-min incubations, and 747 + 219 pg/mg DNA after
120-min incubations. The mean FSH values of 6-day-old
pituitaries were 50 + 8 ng/mg DNA after 30-min incuba-
tions, and 79 + 10 ng/mg DNA after 120-min incubations.
The mean FSH values of 15-day-old pituitaries were 24 +
13 ng/mg DNA after 30-min incubations, and 85 + 26 ng/
mg DNA after 120-min incubations. The mean LH values of
6-day-old pituitaries were 8 + 4 ng/mg DNA after 30-min
incubations, and 66 £ 25 ng/mg DNA after 120-min incu-
bations. The mean LH values of 15-day-old pituitaries were
4 + 2 ng/mg DNA after 30-min incubations, and 27 + 14
ng/mg DNA after 120-min incubations.

To compare hormone effects for each polyamine
against its control, one-way analysis of variance (ANOVA)
was performed on transformed data (x’ = arcsin of the
square root(x)/100), as data are expressed in percentages
(20). The analysis was followed by Dunnet test. P < 0.05
was considered significant.

Results

In Vitro Etffect of Polyamines on Basal and
GnRH-Stimulated FSH Secretion. PUT, SPD, SPM,
and AGM decreased pituitary FSH secretion in 6-day-old
rats after a 30-min incubation (Fig. 1). After 120 min, the
inhibitory effect was still present, although it did not reach

statistical significance for SPM. In contrast, no effect was
observed in 15-day-old animals.

When pituitaries were stimulated with GnRH (1. 107
M) in the presence of polyamines, no differences were de-
tected at either age with regard to controls (data not shown).

In Vitro Effect of Polyamines on Basal and
GnRH-Stimulated LH Secretion. PUT, SPD, and
AGM, but not SPM, decreased pituitary LH secretion in
6-day-old rats, after 30- and 120-min incubations (Fig. 2).
No effects were observed in 15-day-old rats. LH response to
GnRH was not altered in polyamine-treated pituitaries (data
not shown).

In Vitro Effect of Polyamines on Basal and KCI-
Stimulated GnRH Release. PUT, SPD, and AGM, but
not SPM, decreased hypothalamic GnRH release in 6-day-
old rats after 30 min (Fig. 3). Under unspecific stimulation
(11 mM KCl), no differences were observed with regard to
controls (data not shown).

Effect of DFMO on Basal and GnRH-Stimulated
FSH and LH Release in Pituitary Cell Cultures. In
basal conditions, cells incubated for 4 days with 5 mM
DFMO released more FSH, but not LH, than controls (Fig.
4). This effect was only observed in 6-day-old animals.
Under specific GnRH stimulation, the response was similar
in DFMO- and medium-treated pituitary cells. In all cases,
a good correlation between GnRH concentration-hormone
release was observed; interestingly enough, in the DFMO
group, the decapeptide at 1.107"! M did not further increase
the already high basal FSH levels.

Flgure 1. In vitro effect of poly”

amines (1. 1075 M) on basal FSH sé-

cretion in 6- and 15-day-old femalé
rat anterior pituitaries after 30 an

120 min of incubation. For this an

the following figures: PUT, putes”
cine; SPD, spermidine; SPM:
spermine; AGN, agmatine. Con'ﬂ'ol
values were taken as 100%. *P <
0.05, ™*P < 0.01.
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Figure 4. In vitro effect of 5 mM
DFMO on basal and GnRH stimu-
lated FSH and LH secretion in ante-
rior pituitary cell cultures from 6- and
15-day-old female rats.
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Discussion

These results show that some polyamines such as PUT,
SPD, and AGM suppressed hypothalamic GnRH release
and hypophyseal FSH and LH secretion by acting directly
on the respective tissues in 6-day-old female rats, but not in
15-day-old animals. The only effect found for SPM, the
other polyamine tested, was that it inhibited FSH secretion
at 30 min of incubation in the younger group, and this effect
was transient, as it was no longer observed after 120 min,
even though SPM degradation is slower than that of the
other polyamines (21). The lack of specificity of the differ-
ent polyamines could be due to the high degree of intercon-
version that occurs among them (2). In addition, DFMO
acting directly on pituitary cells in culture increased FSH
selectively only in 6-day-old animals.

Taking into consideration the present and previous re-
sults in female developing rats, there is a critical period
during the first 10 postnatal days in which polyamines play
an important role in GnRH and gonadotropin release. The
present results show a direct effect of some polyamines on
hypothalamic and adenohypophyseal tissues. They are in
agreement with previous results using DFMO in vivo: the
lower concentration of PUT and SPD achieved, under
DFMO treatment (Thyssen SM, Libertun C, unpublished
data), was followed by an increase of FSH secretion and a
delayed puberty onset (14, 15). Therefore, from our in vitro
and in vivo results, a relationship between polyamine levels
and the output of the GnRH-gonadotropin system is dem-
onstrated in early stages of development.

These are the first evidences that some polyamines act
tonically, suppressing the basal release of the hypothalamic

decapeptide and FSH and LH from the pituitary. No effects..

were observed under KCl or GnRH-stimulated release.
The inhibition on LH release induced by PUT, SPD,
and AGM in vitro was in good correlation with the in vivo
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treatment with DFMO injected on alternate days between
Days 1 and 9, which resulted in high LH titers at 20 days.
Interestingly enough, SPM was the only polyamine that
evoked just a rapid and transient inhibition of FSH releas¢
and had no effect on LH or GnRH. In addition, this was the
only amine that was not inhibited by DFMO, and it was the
only one that remained constant in both hypothalamus and
anterior pituitary during postnatal development, as deter-
mined in a parallel work. These results indicate that SPM
was not responsible for the endocrine changes previously
determined with the in vivo treatment with DFMO, where
the female rats presented high FSH release and an associ-
ated puberty delay (14, 15).

AGM partially suppressed FSH, LH, and GnRH in in
vitro release in newborn rats, but in vivo treatment with
DFMO did not modify its concentration. In vivo, in adult
ovariectomized estrogen-progesterone-treated rats, AGM
released GnRH and LH, suggesting that this polyamine may
have different endocrine effects in mammal brains accord-
ing to the experimental model utilized (22).

It is important to note that no changes were observed
when the same treatment was applied in tissues from 15-
day-old female rats showing a regulatory role of polyamines
only in early stages of development. This indicates that
during the neonatal and the beginning of the infantile peri-
ods, the polyamines PUT and SPD are essential for the
normal maturation of the GnRH-gonadotropin system. They
would participate by inhibiting GnRH and FSH release. In
agreement, when both polyamines are decreased by DFMO
treatment in vivo, an increase in GnRH and FSH release 1
observed when the tissues are stimulated specifically bY
GnRH or unspecifically by KCl (14). Furthermore, DFMO
acting directly on- pituitary cells of 6-day-old females in-
creased FSH release, precisely when polyamine concentrd”
tions are higher.



With regard to a possible mechanism by which poly-
amines could be altering GnRH and gonadotropin secretion,
it has been demonstrated that polyamine levels, especially
PUT, are critical for GABA synthesis in early postnatal life,
at least in certain tissues, before the expression of GAD
becomes evident (23). In addition, depletion of polyamines
prevents the neurotrophic activity of GABA-A agonists in
cultured rat cerebellar granule cells (24). On the other hand,
GABA has been shown to modulate hypothalamic GnRH
and pituitary gonadotropin secretion (13, 19, 25, 26). There-
fore, this neurotransmitter is a candidate for mediating the
present polyamine actions, because an increase in GABA
production in 6-day-old tissues, induced by polyamine ad-
dition, could be responsible for the decrease in GnRH and
gonadotropins observed in the present experiments. In ad-
dition, GABA has been demonstrated to be involved in the
process of sexual differentiation induced by estradiol (27)
and, therefore, a decrease in GABA levels, induced by
DFMO treatment, which inhibits polyamine synthesis,
could be the cause of the delay in puberty onset observed in
in vivo neonatally DFMO-treated female rats in our previ-
ous experiments (14). In addition, taking into account the
metabolic pathways for GABA synthesis from polyamines
(2, 3), PUT and its direct precursors, SPD and AGM, would
clearly be expected to be the most active polyamines fol-
lowed by SPM, which is the furthest away in the pathway,
as in effect occurs in the experiments here described. The
lack of response in 15-day-old animals to polyamine or
DFMO treatment may be due to the fact that at this stage of
development, polyamines no longer participate in GABA
biosynthesis. The participation of GABA in the effects of
polyamine on GnRH and gonadotropin release in infantile
female rats will be matter of future studies.

In summary, a relationship between polyamine levels
and the output of the GnRH-gonadotropin system is dem-
onstrated in the female rat during early postnatal life, a
Critical period of neuroendocrine organization.
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