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Effect of ionotropic and metabotropic glutamate
agonists and D-aspartate on prolactin release from

anterior pituitary cells

M. Pampillo
S. Theas

B. Duvilanski
A. Seilicovich
M. Lasaga

Summary

Although the presence of ionotropic (iGluRs) and metabotropic
(mGluRs) glutamate receptors has been demonstrated in the
anterior pituitary, recent reports on the direct effect of glutamate
on prolactin (PRL) secretion by anterior pituitary cells have
presented contradictory results. Hence, the aim of this study was
to determine the effect of ionotropic (iGluRs) and metabotropic
(mGluRs) glutamate receptor agonists on prolactin (PRL) release.
In addition, since D-Aspartate (D-Asp) is found in the pituitary
and is involved in neuroendocrine regulation, we also studied the
direct action of D-Asp on PRL secretion. Finally, since the
posterior pituitary participates in the regulation of PRL secretion,
we examined the influence of the posterior pituitary on the
effects of NMDA and D-Asp on PRL release. — Glutamate
(1000 uM) increased PRL secretion from cultured anterior
pituitary cells. Both NMDA (100 pM) and kainate (100 pM)
increased PRL secretion and these effects were blocked by a
specific NMDA receptor antagonist. AMPA did not modify PRL

release in these cultures. The group [ and Il mGIuR agonist, trans-
ACPD (1000 puM), and a specific group Il mGluR agonist, L-CCG-I
(100-1000 pM), inhibited whereas specific group I and Il mGluR
agonists, 3-HPG and L-AP4 respectively, had no effect on PRL
release. Finally, D-Asp (100-1000 pM) stimulated PRL secretion
and this effect was reduced by a NMDA receptor antagonist.
When anterior pituitary cells were cultured in the presence of
posterior pituitary cells, NMDA did not modify PRL or GABA
release, while D-Asp increased PRL secretion and decreased
GABA release in these cocultures. — In conclusion, our results
show that L-glutamate has a differential direct effect on PRL
release: it exerts a stimulatory action via iGluRs and an inhibitory
effect via mGluRs. D-Asp could directly stimulate PRL release
through NMDA receptors. D-Asp may also stimulate PRL release
by decreasing GABA release from the posterior pituitary.
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Introduction

Excitatory amino acids (EAAs) such as L-glutamate and L-
aspartate appear to be the major neurotransmitters in the brain
(Brann et al., 1997). Glutamate binds to ionotropic (iGluRs) and
metabotropic (mGluRs) receptors. iGluRs include N-methyl-D-
aspartate (NMDA), kainate (KA) and alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionate (AMPA) receptor subtypes (Brann
et al.,, 1997). The mGluRs are divided into three groups (I, Il and
III) based on agonist interactions and associated second mes-
sengers (Conn and Pin, 1997). Both ionotropic (NMDA, AMPA and

KA subtypes) and group II metabotropic receptors have been
detected in the pituitary gland (Brann et al., 1997).

Glutamate is involved in several neuroendocrine functions,
including the regulation of prolactin (PRL) secretion from the
anterior pituitary. Its effects on PRL secretion appear to be
influenced by age of the animal and endocrine milieu. The
administration of NMDA receptor agonists increased PRL release
in male (Gay and Plant, 1987) and female (Wilson and Knobil,
1982) monkeys, intact (Pohl et al., 1989) and orchidectomized
male rats (Strobl et al., 1993) and cycling female rats (Pohl et al.,
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1989). However, KA administration inhibited PRL secretion in
neonatal, prepubertal and adult male rats (Pinilla et al., 1996) and
AMPA administration decreased PRL release in prepubertal
female and male rats (Gonzalez et al., 1999).

The mechanism by which glutamate affects PRL release remains
unclear. It could involve mediation of PRL-releasing factors in the
hypothalamus, such as TRH, VIP and oxytocin (OT), or of
neurotransmitters, such as dopamine and GABA (Brann et al.,
1997; Lasaga et al., 1998). Although the principal site of action of
glutamate is the hypothalamus it can also act on lactotropes.

Contradictory results have been reported on the involvement of
iGluRs on the direct effect of glutamate on PRL release from the
pituitary. Login (1990) demonstrated that glutamate (1 mM)
stimulated PRL release in primary cultures of dispersed female
rat anterior pituitary cells studied in a perifusion protocol. This
effect was abolished by [5R, 10S]-[+]-5-Methyl-10, 11-dihydro-5-
H-dibenzo|a,d] cyclo-hepten-5,10-imine hydrogen maleate (MK-
801), a selective non-competitive NMDA receptor antagonist,
suggesting that NMDA receptors were involved. Conversely,
Niimi et al. (1994) informed that neither glutamate, NMDA nor
KA had any effect on PRL release from anterior pituitary cells of
male rats studied by the reverse hemolytic plaque assay.
However, recent investigations have found that high concen-
trations of both KA (1-10 mM) and NMDA (20 mM) inhibited PRL
secretion from dispersed anterior pituitary cells obtained from
30-day-old male rats after 4 h of incubation (Pinilla et al., 1996;
Aguilar et al., 1997).

Recent reports suggest the presence of a variety of D-aminoacids
in mammalian tissues (Hashimoto and Oka, 1997). D-aspartate
(D-Asp) has been found in nervous tissue and several endocrine
glands (Hashimoto and Oka, 1997; Lee et al., 1999; Schell et al.,
1997). In the pituitary gland, it has been detected in all three
lobes (Schell et al., 1997), and its content increases throughout
postnatal development up to adulthood (Hashimoto and Oka,
1997). This aminoacid occurs in high concentrations in the
pituitary of adult rats as an endogenous compound (D’Aniello
etal, 2000a) and it has been shown to be involved in the
regulation of anterior pituitary hormone secretion (D’Aniello
et al., 2000a). When administered in vivo to adult male rats, D-
Asp elicited an increase in serum levels of GH, LH, testosterone
and progesterone (D’Aniello et al., 2000a). It has been demon-
strated that DD-Asp has high affinity for the glutamate binding
site of the NMDA receptor (Hashimoto and Oka, 1997), suggesting
that it exerts its effects through interaction with this receptor
subtype.

Since previous evidence on the direct actions of iGIuR agonists on
PRL release from the anterior pituitary is contradictory, the first
aim of the present study was to investigate the effects of iGIuR
agonists on PRL release from cultured anterior pituitary cells of
female rats. We also ran experiments to investigate the action of
mGIluRs and D-Asp on PRL release from anterior pituitary cells.

The rat posterior pituitary plays an essential role in regulating
the release of PRL from the anterior pituitary (Frawley, 1994). The
posterior pituitary communicates with the anterior pituitary via
the short portal vessels, sending stimulatory (OT and a-MSH,
among others) and inhibitory (GABA, dopamine) signals of PRL

secretion (Kordon etal., 1994). We decided to evaluate the
influence of the posterior pituitary on the effects of NMDA and D-
Asp on PRL secretion from the anterior pituitary. For this purpose,
anterior pituitary cells were cultured in the presence of posterior
pituitary cells, which are mainly intermediate lobe melanotrophs
and neural lobe pituicytes (Dymshitz et al., 1991; O’Conner et al.,
1996), although OT from nerve terminals has been determined to
be present in cultured posterior pituitary cells (Laudon et al.,
1990). The release of OT and GABA from these cocultures was also
investigated, since both modulate PRL secretion from the
anterior pituitary (Kordon et al., 1994).

Materials and methods

Animals

Adult intact female Wistar rats weighing 150-200 g were housed
in a light (12 h light/dark cycle) and temperature-controlled
environment and were provided with food and water ad libitum.
The animals were kept according to the NIH Guide for the Care
and Use of Laboratory Animals and sacrificed at random stages of
the estrous cycle.

Drugs

Fetal bovine serum was obtained from GenSa, Buenos Aires,
Argentina. MK-801 ([5R,10S]-[+]-5-Methyl-10,11-dihydro-5H-di-
benzo[a,d]cyclo-hepten-5,10-imine hydrogen maleate) was pur-
chased from RBI, Natick, MA, USA. Trans-ACPD ([+]-1-amino-
cyclopentane-trans-1,3-dicarboxylic acid), AIDA ([RS]-1-amino-
indan-1,5-dicarboxylic acid), L-AP4 (L(+)-2-Amino-4-phospho-
nobutyric acid), L-CCG-I ((2S, 1'S ,2'S)-2-(carboxycyclopropyl)
glycine), AMPA (alpha-amino-3-hydroxy-5-methyl-4-isoxazole-
propionate) and 3-HPG ([+]-a-amino-3-hydroxy-benzeneacetic
acid) were obtained from Tocris Cookson Inc., Ballwin, MO, USA.
OT was purchased from Peninsula Laboratories Inc., Belmont, CA,
USA, and '*[ radionucleide and [*H]muscimol were purchased
from New England Nuclear Co., Boston, MA, USA. L-Glutamic
acid, NMDA (N-methyl-D-aspartate), D-Asp (D-aspartic acid), KA
(Kainate), DNQX (6,7-dinitroquinoxaline-2,3-(1H,4H)-dione) and
all other media and supplements were obtained from Sigma
Chemical Co., St Louis, MO, USA.

Anterior pituitary cell culture

Anterior pituitary glands (posterior pituitaries removed) or
whole pituitary glands were obtained within minutes after
decapitation. The glands were washed several times with
Dulbecco’s Modified Eagle’s medium (DMEM) and cut into small
fragments. Sliced fragments were dispersed enzymatically by
succesive incubations with 5 mg/ml trypsin (Type XII-S from
bovine pancreas), 1 mg/ml DNAse (Deoxyribonuclease II, Type V
from bovine spleen), and 1 mg/ml trypsin inhibitor (Type II-S
from soybean) in DMEM supplemented with 3 mg/ml bovine
serum albumin (BSA). The cells were finally dispersed mechan-
ically by extrusion through a Pasteur pipette in Krebs buffer
without calcium and magnesium. Dispersed cells were washed
twice and suspended in DMEM supplemented with 10 ul/ml
MEM aminoacids, 5.6 pg/ml amphotericin B, 25 pg/ml gentami-
cin and 2 mM glutamine (DMEM-S). Cell viability as assessed by
trypan blue exclusion was above 90%. The cells were seeded onto
96-well tissue culture plates at a density of 80000 cells/0.2 ml/
well (anterior pituitary cell culture) or onto 48-well tissue
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culture plates at a density of 250000 cells/0.5 ml/well (anterior
and posterior pituitary cell culture) and cultured for 72 h (37°C,
5% C0,-95% O, in air) in DMEM-S with 10% fetal bovine serum.
After the culture period, cells were washed twice with Krebs
Ringer bicarbonate buffer (KRB) (118.46 mM NaCl, 5 mM KCl,
25mM CaCl,, 118 mM NaH,PO,, 1.18 mM MgSO,, 24.88 mM
NaHCO,, pH 7.4) containing 10 mM glucose and 10 mM Hepes,
and incubated for 4 h in KRB alone or plus test substances. At the
end of the incubation period, the media were aspirated and
stored at — 20°C until assayed for PRL or GABA or at —70°C until
assayed for OT.

PRL radioimmunoassay

PRL was measured by a double-antibody radioimmunoassay
with reagents provided by The National Hormone and Pituitary
Program. RP-3 was used as reference preparation and NIDDK-
anti-rPRL-S-9 as antiserum (EDs,: 0.54 RP-3). The cross-reac-
tivity with other pituitary hormones was negligible. The intra
and interassay coefficients of variation were less than 10%. PRL
concentration was expressed as ng/well.

cAMP determination

In order to determine cAMP formation, anterior pituitary cells
were seeded onto 48-well tissue culture plates at a density of 250
000/0.5 ml/well. After the culture period, cells were washed
twice with KRB and incubated for 10 min in 0.5 ml of KRB alone
or plus test substances. Enzymatic activity was stopped by
heating for 5 min at 100°C in 50 mM sodium acetate buffer,
pH 6.2. Finally, the cells were sonicated and stored at — 70°C until
assayed for cAMP. cAMP concentration was determined by
radioimmunoassay using '>°I-cAMP as tracer and anti-cAMP
antiserum (NIDDK, final dilution 1:50000). The reaction was
stopped with cold 2% albumin in PBS buffer followed by 96%
ethanol. The intrassay and interassay coefficients of variation
were less than 9% and 11% respectively, and assay sensitivity was
9.75 fmol/tube. cAMP content was expressed as pmol/well.

GABA analysis

Aliquots of the coculture incubation medium were stored at
—20°C until GABA concentration was determined by the [*H]mus-
cimol radioreceptor assay described by Bernasconi et al. (Ber-
nasconi et al., 1980). This method measures the concentration of
endogenous GABA and other GABA, receptor ligands metabol-
ically related to GABA (sensitivity range: 12.5-200 pmol/ml).
GABA concentration in the media was expressed as pmol/well.

Oxytocin determination

Oxytocin concentration in the incubation medium of the
cocultures was measured on duplicate samples by radioimmu-
noassay using >’[-oxytocin as tracer and anti-oxytocin antiserum
(Sigma Chemical Co., final dilution 1:36) as described elsewhere
(De Laurentiis et al., 2000). Oxytocin was used both as standard
preparation and for iodination with >°I. The reaction was stopped
with cold 2% albumin in PBS buffer followed by 96% ethanol. The
intrassay coefficient of variation was less than 9%, and assay
sensitivity was 7 pg/tube. Oxytocin concentration was expressed
as pg/well.

Statistical analysis
Data were expressed as mean+S.E.M. and were analyzed by
unpaired Student’s t-test, one-way analysis of variance (ANOVA)

followed by Dunnett’s test or Student-Newman-Keuls Multiple
Comparisons Test, or two-way ANOVA with interaction terms.
Differences with a p value of less than 0.05 were considered
statistically significant.

Results

Effect of glutamate, iGluR and mGluR agonists on PRL release
from anterior pituitary cells

Glutamate (1000 uM) significantly increased PRL release from
cultured anterior pituitary cells (Fig.1). NMDA (10-100 uM)
stimulated PRL release from these cells (Fig. 2). MK-801 (10 uM),
a selective non-competitive NMDA receptor antagonist, blocked
the stimulatory effect of NMDA (Fig. 2). KA (1-100 uM) also
significantly stimulated PRL release (Fig.3). DNQX (10 uM), a
specific non-NMDA receptor antagonist, was unable to block the
KA effect (Fig. 3). However, the stimulatory effect of KA (100 uM)
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Fig. 1 Effect of L-Glutamate (GLUT) on PRL release from anterior pituitary
cells. Values represent mean=+S.E.M. of 5-6 determinations per group. Data
were evaluated by one-way ANOVA followed by Dunnett’s test.
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Fig.2 Effect of NMDA and MK-801 (a NMDA receptor antagonist) on PRL
release from anterior pituitary cells. Values represent mean+S.E.M. of 4-6
determinations per group. Data were evaluated by one-way ANOVA followed
by Student Newman Keuls Multiple Comparisons Test.

*** p<0.001 vs control

AAA p<0.001 vs NMDA 100 pM
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Fig. 3 Effect of KA, DNQX (a KA/AMPA receptor antagonist) and MK-801 (a
NMDA receptor antagonist) on PRL release from anterior pituitary cells. Values
represent mean+S.E.M. of 4-6 determinations per group. Data were
evaluated by one-way ANOVA followed by Student Newman Keuls Multiple
Comparisons Test.
* p<0.05; ** p<0.01; *** p<0.001 vs control
AAA p<0.001 vs KA 100 pM
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Fig. 4 Effect of trans-ACPD (a group | and Il mGluR agonist) and AIDA (a
group | mGIuR antagonist) on PRL release from anterior pituitary cells. Values
represent mean+S.E.M. of 5-6 determinations per group. Data were
evaluated by one-way ANOVA followed by Student Newman Keuls Multiple
Comparisons Test.

** p<0.01 vs control

PRL {ngiwell)

on PRL release was inhibited by MK-801 (10 uM) (Fig. 3). On the
contrary, AMPA did not modify hormone release at any concen-
tration tested (Control: 447.5+9.8 ng PRL/well; 1 uM AMPA:
424.6 £25.1; 10 uM AMPA: 443.4427.6; 100 uM AMPA: 507.1 +
30.3; n=5-6).

The non selective groupI and II mGIuR agonist, trans-ACPD
(1000 uM), inhibited PRL release from anterior pituitary cells
(Fig. 4). AIDA (100 uM), a group I mGluR antagonist, did not affect
the inhibitory effect of trans-ACPD (Fig.4). 3-HPG, a group
mGIluR agonist, had no effect on PRL release (Control: 411.2+
17.6 ng PRL/well; 1 uM 3-HPG: 452.9+27.5; 10 uM 3-HPG: 419.8
+28.9; 100 uM 3-HPG: 425.8 +26.9; n=5-7), whereas L-CCG-I, a
group II mGIuR agonist (10-1000 uM), significantly reduced it
(Fig.5). GroupIl mGIluR activation leads to an inhi-
bition of adenylate cyclase activity in several tissues (Conn
and Pin, 1997). cAMP production was measured in anterior
pituitary cells incubated with L-CCG-I (10-100 uM). This group II
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Fig.5 Effect of L-CCG-l (a group Il mGluR agonist) on PRL release from
anterior pituitary cells. Values represent mean+S.E.M. of 6-7 determinations
per group. Data were evaluated by one-way ANOVA followed by Dunnett’s
test.

** p<0.01 vs control

250 -
200
[
**
T 150 - k%
Z
Q
£
a2
[- %
2 100 -
o
50 -
0
0 10 100 L-CCGH (uM)

Fig. 6 Effect of L-CCG-l (a group Il mGluR agonist) on cAMP content in
anterior pituitary cells. Values represent mean+S.E.M. of 6 determinations per
group. Data were evaluated by one-way ANOVA followed by Dunnett’s test.
** p<0.01 vs control

mGIuR agonist significantly decreased cAMP content in
these cells (Fig. 6). L-AP4, a selective group III mGIuR agonist,
failed to modify PRL release (Control: 379.6+9.6 ng PRL/well;
100 uM L-AP4: 373.74+26.3; 1000 uM L-AP4: 4251+12.5; n=
5-6).

Effect of NMDA on PRL release from cocultures of anterior and
posterior pituitary cells

To study the influence of the posterior pituitary on the effect of
NMDA on PRL release, anterior pituitary cells were cultured with
posterior pituitary cells. NMDA did not affect PRL release from
these cocultures (Control: 2989.8 +205.8 ng PRL/well; 100 uM
NMDA: 2768.7 +102.3; n=6). To investigate whether NMDA was
affecting the release of posterior pituitary factors involved in the
regulation of PRL release, we studied the effect of NMDA
(100 puM) on OT and GABA release from these cells. NMDA did not
modify GABA release (Control: 47.2 +1.6 pmol GABA/well;
100 uM NMDA: 45.2 4+ 2.6; n=4-5), and induced a non significant
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Fig. 7 Effect of D-ASP and MK-801 (a NMDA receptor antagonist) on PRL
release from anterior pituitary cells. Values represent mean4S.E.M. of 5-8
determinations per group. Data were evaluated by one-way ANOVA followed
by Student Newman Keuls Multiple Comparisons Test.

** p<0.01; *** p<0.001 vs control

AA p<0.01 vs D-ASP 1000 uM

decrease in OT release (Control: 420.4 +83.8 pg OT/well; 100 uM
NMDA: 247.5+47.4; n=4-5).

Effect of D-Asp on PRL release from anterior pituitary cells or
from cocultures of anterior and posterior pituitary cells
D-Asp (100-1000 uM) increased PRL release from anterior
pituitary cells (Fig. 7). The increase in PRL release induced by
D-Asp 1000 pM was reduced by the addition of MK-801 (10 uM)
to the incubation medium (Fig. 7). We also studied the effect of
this D-aminoacid on cocultures of anterior and posterior
pituitary cells. D-Asp elicited an increase in PRL release, while
it induced a decrease in GABA release from these cells (Table 1).
D-Asp induced a non significant decrease in OT concentration in
the coculture medium (Table 1).

Discussion

The involvement of glutamate in the regulation of PRL secretion
has been demonstrated in different experimental models and
several species (Brann et al., 1997). iGluR antagonists blocked the
preovulatory or suckling-induced increase in plasma PRL levels
in the female rat (Parker and Crowley, 1993; Brann and Mahesh,
1991; Brann etal., 1993), suggesting that glutamate plays a
physiological role in the regulation of PRL secretion. However, it
has not been fully elucidated whether glutamate stimulation of

PRL release involves only the mediation of hypothalamic factors
or if there is also direct action at the pituitary level. The literature
provides weak and controversial data concerning a direct role of
glutamate on PRL release from the anterior pituitary.

The present study demonstrates that glutamate may have a dual
direct effect on PRL release from anterior pituitary cells of female
rats: it exerts a stimulatory action when it interacts with iGluRs,
while it has an inhibitory effect when it activates group II
mGluRs. This may explain why glutamate had a stimulatory
effect on PRL release from anterior pituitary cells of female rats
only at the highest concentration tested. This result is in line with
the glutamate induced stimulation of PRL release from female rat
anterior pituitary cells observed by Login (1990). Since we were
able to block the stimulatory effect of NMDA with the antagonist
MK-801, our study also lends support to the suggested involve-
ment of NMDA receptors in this effect of glutamate on PRL
release (Login, 1990). KA also increased PRL secretion. However,
KA-induced stimulation of PRL release was not antagonized by
DNQX, a KA/AMPA receptor antagonist, though it was blocked by
MK-801. Studies by Henley et al. (Henley et al., 1992) in Xenopus
brain suggested that subunit interchanges can occur between
non-NMDA and certain NMDA receptor subunits, giving rise for
example to a hybrid unitary KA/AMPA/NMDA receptor. In our
cultures, KA could be acting through a receptor that might also
have affinity for NMDA, since the KA effect on PRL release was
reversed by MK-801. It should be noted that similar results were
reported by Zanisi et al. (1994) and by Costa et al. (1992), who
observed that the KA effect on hormone secretion was reduced by
DL-2-amino-5-phosphonovaleric acid (AP-5), a NMDA antagonist.

Group II mGluRs were detected in the anterior lobe of the
pituitary gland (Petralia etal., 1996). The existence of other
groups of mGluRs in this gland has not been studied yet. Trans-
ACPD, a non selective group I and II mGIuR agonist, decreased
PRL release from anterior pituitary cells of female rats. Since
AIDA, a specific group I mGluR antagonist, was unable to reverse
the inhibitory effect of trans-ACPD, our data suggest that the
trans-ACPD inhibitory effect would be mediated by groupII
mGluRs. This hypothesis is supported by the fact that 3-HPG, a
specific groupI mGIuR agonist, did not modify PRL release,
whereas L-CCG-I, a specific group II mGIluR agonist, mimicked
the inhibition induced by trans-ACPD. Group Il mGluRs act
through an inhibition of adenylate cyclase activity (Conn and Pin,
1997). Since L-CCG-I decreased cAMP levels in anterior pituitary
cells, our results suggest that group Il mGluRs are involved in the
glutamate inhibitory effect on PRL release by inhibiting adenylate
cyclase activity. Our data also suggest that group I and IIl mGluRs
are not involved in the regulation of PRL secretion.

Table 1
were evaluated by one-way ANOVA followed by Dunnett’s test.

Effect of D-ASP on PRL, GABA and oxytocin release from cocultures of anterior and posterior pituitary cells. Values represent mean=+S.E.M. Data

PRL (ng/well)

GABA (pmol/well) OXYTOCIN (pg/well)

CONTROL
D-ASP 100 uM
D-ASP 1000 uM

2712.5+59.7 (6)
3116.7+96.7 (6) *
3068.3+£113.0 (5)*

62.3+4.2 (7)
52.1+4.1 (6)
43.8+2.5 (6)**

475.2+63.4 (4)
397.4+58.5 (5)
302.9+74.6 (5)

* p<0.05 vs control; ** p<0.01 vs control
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It is unlikely that the effect of ionotropic agonists on prolactin
release may result from a toxic action on anterior pituitary cells,
since we found that NMDA up to 1 mM did not affect cell viability
as assessed by the MTT cytotoxicity assay (data not shown).
Moreover, trans-ACPD (1000 uM) and L-CCG-I (10-1000 pM) did
not modify LH release from anterior pituitary cells, indicating
that their effect on PRL release is specific (data not shown). The
specificity of the action of these compounds also indicates the
absence of cellular toxicity.

Glutamate is not only an excitatory neurotransmitter but also an
important aminoacid in intermediate metabolism. The serum
level of glutamate is about 50-100 uM in normal conditions
(Meldrum et al., 2000), a concentration similar to those used in
our experiments. Although glutamate concentration in blood
from portal vessels has not been reported, it is possible that it
could be significantly higher than in peripheral blood because of
glutamate released from hypothalamic terminals. Therefore,
glutamate could be considered an important factor in the control
of prolactin release in physiological conditions, through its action
on lactotrophs. Moreover, glutamate could also be relevant in
certain pathological conditions such as migraine or amyotropic
lateral sclerosis, in which serum glutamate levels can be higher
than in normal conditions (Perry et al., 1990; Ferrari et al., 1990).

Recent studies suggest a role for D-Asp in neuroendocrine
modulation (Lee et al., 1999; Schell et al., 1997; D’Aniello et al.,
2000a). This D-aminoacid has been localized in the anterior,
intermediate and posterior lobes of the pituitary gland of adult
rats (Schell etal., 1997). While we were finishing our study,
D’Aniello et al. (D’Aniello et al., 2000b) reported that D-Asp
increased PRL secretion from isolated anterior pituitaries of male
rats. Our results for cells from female rats tally with their data. D-
Asp increased PRL release and its effect was reduced by MK-801.
NMDA receptors have been localized in PRL-producing cells in
the anterior pituitary (Brann et al., 1997) and D-Asp may act
through NMDA receptors (Hashimoto and Oka, 1997). Therefore,
D-Asp could directly modify PRL release by binding to the NMDA
receptor.

The posterior pituitary contributes to the regulation of PRL
secretion, sending inhibitory and stimulatory factors to the
anterior pituitary (Kordon et al., 1994). Both dopamine and GABA
reach the anterior pituitary through the short portal vessels and
inhibit PRL release from lactotropes (Kordon et al., 1994; Neill
and Nagy, 1994). Also, a number of peptides such as OT and a-
MSH are released from the posterior pituitary and stimulate PRL
secretion (Kordon et al., 1994). Both NMDA receptors and D-Asp
are present in the rat posterior pituitary (Meeker et al., 1994;
Schell et al., 1997). High basal release of PRL in our cocultures of
anterior and posterior pituitary cells is probably due to both a
greater number of anterior pituitary cells and the presence of a
PRL releasing factor (PRF) secreted by posterior pituitary cells
(Laudon et al., 1990). This PRF would be released from melano-
trophs or a small subpopulation of nonopioid-producing cells of
the intermediate lobe of the pituitary, and its activity would
remain relatively stable in cultures of posterior pituitary cells
(Laudon et al., 1990). NMDA does not modify PRL release from
anterior pituitary cells cocultured with posterior pituitary cells.
The possibility that a lack of effect of NMDA on PRL release in this
condition might be due to high PRL levels in the incubation

medium was discarded, since cocultured cells still responded to
TRH (data not shown). We previously demonstrated that NMDA
increased GABA release (Pampillo et al., 1999) and decreased OT
secretion (unpublished data) from isolated rat posterior pitui-
tary. In the cocultures of anterior and posterior pituitary cells,
NMDA did not alter GABA release, but showed a tendency to
decrease OT secretion. Therefore, other inhibitory posterior
pituitary factors, such as dopamine, could be released by NMDA,
blocking its direct stimulatory effect on PRL release. We have also
observed that D-Asp decreases GABA and OT release from
isolated posterior pituitaries (unpublished data). D-Asp also had
a slight inhibitory effect on OT release in cocultures. However, it
significantly inhibited GABA release. Since GABA plays an
important inhibitory role in PRL release, the inhibitory effect
of D-Asp on GABA release may contribute to its stimulatory
action on PRL release.

In summary, L-glutamate has a direct differential effect on PRL
release. It exerts stimulatory action acting via ionotropic
receptors and an inhibitory effect through metabotropic recep-
tors. On the other hand, D-Asp could directly stimulate PRL
release through NMDA receptors. Our data also indicate that D-
Asp may play a role in mediating posterior pituitary neuro-
transmitter release such as GABA, which subsequently influences
PRL secretion.
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