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ABSTRACT

The pulse frequency of hypothalamic GnRH secretion increases at the onset of puberty. In rodents
and primates, this process involves facilitatory and inhibitory effects mediated through
hypothalamic Armethyl-D-aspartic acid (NMDA) and y-aminobutyric acid (GABA) receptors,
respectively. Precocious puberty was observed in an 1l-month-old girl with nonketotic
hyperglycinemia. This was thought to result from the effect of high concentrations of glycine (112
umol/L in cerebrospinal fluid; normal, 3-12) acting on NMDA receptors as a coagonist of glutamate.
Regression of pubertal development during anticonvulsive treatment with GABA agonists
(loreclezole and vigabatrin) suggested that the stimulatory effects of glycine could be overcome by
GABA receptor-mediated inhibition. These two hypotheses were tested in the /n vitro model of the
explanted hypothalamus from infantile (15-day-old) male rats. Glycine concentrations of 1-10
umol/L increased the pulse frequency of GnRH secretion. This acceleration was prevented by 7-
chlorokynurenic acid, a glycine antagonist at the NMDA receptor complex, and by the GABA agonist
loreclezole. In addition, loreclezole and vigabatrin suppressed the developmental increase in the
frequency of pulsatile GnRH secretion. The observation of precocious puberty in an infant with
hyperglycinemia followed by pubertal regression during GABA agonist therapy and the /n vitro
findings in hypothalamic explants suggest that stimulatory inputs mediated through NMDA
receptors and inhibitory inputs through GABA receptors are involved in the initiation of puberty.



Published in : Journal of Clinical Endocrinology and Metabolism (1997), vol. 82, r° 6, pp. o P LI EG E

1899-1903 ) )
Status : Postprint (Author’s version) 4& universiteée

In many species, including man, the hypothalamus has the capacity to secrete GnRH in a pulsatile
manner. The onset of puberty is preceded by an increase in the pulse frequency of GnRH secretion,
as shown in portal blood of female monkeys (1) or in the incubation medium of hypothalamic
explants of male rats (2, 3). In children and adolescents, a similar process is evidenced indirectly
through sequential LH measurements in peripheral blood (4, 5).

The gonadotropic axis is known to be active in the human fetus and infant before the long
quiescent period preceding onset of puberty (6). Precocious puberty is observed after central
nervous system (CNS) irradiation (7, 8) and following experimental disconnection or lesion of
particular hypothalamic areas (9, 10). These data suggest that a hypothalamic facilitatory
mechanism is operational prepubertally, whereas an inhibitory or restraining mechanism is
superimposed. The facilitatory mechanism may involve a subtype of glutamate receptors that
selectively bind the agonist A-methyl-D-aspartate (NMDA), because early onset of puberty is caused
by chronic intermittent administration of NMDA to infantile female rats (11) or juvenile male
monkeys (12). Using pharmacological and antisense strategies /n vitro, we showed recently that in
the infantile rat hypothalamus, the drive of pulsatile GnRH secretion via NMDA receptors was
restrained by a y-aminobutyric acida (GABA,) receptor-mediated inhibition (13). This GABA-ergic
inhibition showed a marked reduction at the onset of puberty (14), confirming data obtained
previously in the juvenile female monkey (15).

In man, no evidence of NMDA receptor involvement in the neuroendocrine regulation of
gonadotropin secretion has been provided to date. Scarce data on the inhibition of gonadotropin
secretion by antiepileptic drugs such as valproic acid, a GABA agonist (16), suggest a possible
inhibitory role of GABA receptors (17-19). In this preliminary report, precocious puberty in a female
infant with nonketotic hyperglycinemia (NKH) was postulated to be related to glycine-mediated
NMDA receptor stimulation. In addition, regression of pubertal development was observed during
therapy with antiepileptic GABA agonists and was proposed to be related to GABA receptor-
mediated inhibition. These hypotheses were tested /n vitro using a rat hypothalamic explant
paradigm.

Subjects and Methods

CASE REPORT

This girl was born at term of a normal pregnancy as the first child of healthy unrelated parents. On
the day of birth, severe hypotonia was apparent. Spontaneous movements were sparse, but
reactions were excessive upon stimulation. On day 5, generalized seizures were treated with
phenobarbital (3-5 mg/kg-day) and phenytoin (5-10 mg/kg-day). On day 10, NKH was diagnosed
based on elevated glycine concentrations in plasma (1044 umol/L; normal range, 80-340) and
cerebrospinal fluid (112 pmol/L; normal, 3-12). The infant gradually developed severe lethargy,
psychomotor retardation, and convulsions refractory to conventional antiepileptic therapy.
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By 11 months of age, breast development was noticed and scored as stage M,-M; according to
Tanner (20). Height (81.4 cm) was above the 97th percentile for chronological age, and height
velocity was rapid, as shown by the growth curve (Fig. 1). Head circumference was 45.5 cm (50th
percentile). Bone age was advanced to 26 months according to the criteria of Tanner and
Whitehouse (21). At 12 months, plasma LH was increased for age (9.7 mlU/mL; normal, < 2). FSH
was slightly elevated (3.4 mIU/mL; normal, < 3). IGF-I was at the upper normal limit (112 pg/L;
normal, 44-110). GH measured on two occasions (3.0 and 1.0 pg/L) as well as PRL (259 pU/mL)
were not elevated. Sexual precocity of central origin was diagnosed, although no GnRH test was
performed.

Fig. 1. Length in relation to age and bone age (BA) in a girl with nonketotic hyperglycinemia. The Tanner
stages of breast development (M) were estimated on three occasions, and basal plasma LH levels were
determined on two occasions. The barsshow the timing of administration of various antiepileptic drugs.
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The multiple daily seizure episodes did not respond to phenobarbital, which was discontinued at
11 months. As only partial improvement was seen using phenytoin, treatment with loreclezole (1
mg/kg-day) was initiated. This new antiepileptic agent (Janssen Pharmaceutica, Beerse, Belgium)
has a stimulatory action at a modulatory site distinct from the benzodiazepine site within the
GABA-receptor complex (22). At 15 months of age, 4 months after starting loreclezole treatment,
regression of breast development (M,) was noticed, and height velocity started to decrease (Fig. 1).
Basal plasma LH was 2.6 mIU/mL. Loreclezole therapy only slightly decreased the frequency of
seizure episodes and was discontinued at 22 months of age. Vigabatrin (Sabril, Marion Merrell Dow,
Strasbourg, France; 30-70 mg/kg- day), another GABA agonist acting through irreversible inhibition
of GABA transaminase (23), was given from 19 months of age and had a significant anticonvulsive
effect. At 24 months, further evidence of reduced growth velocity was obtained, breast
development disappeared (M:), and bone age advancement decreased to 5 months compared to
chronological age. After 27 months of age, a normal growth rate was observed (Fig. 1). Treatment
using diazepam (1.5-3 mg/kg-day) was started. At 4 yr of age, a computed tomographic scan of the
brain visualized diffuse cortical and subcortical atrophy without any focal abnormality, particularly
in the hypothalamopituitary area.
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INVITRO STUDIES

Retrochiasmatic hypothalamic explants from 15-, 25-, or 50-day-old male rats were studied
individually (12-15 explants/experiment) using a static incubation system (Fig. 2). The incubation
medium (0.5 mL) was renewed every 7.5 min for 3-5 h, and the collected fractions were kept frozen
until assayed for GnRH using a highly sensitive RIA. This procedure has been described in detail
previously (5, 6). It is of note that the studied explants did not include the preoptic area where the
perikarya of GnRH neurons are located in the rat brain. We confirmed recently that most of the
studied explants contained no GnRH cell bodies, in contrast to the 200-400 perikarya visualized in
the preoptic area (24).

Fig. 2. Representative profile of pulsatile GnRH secretion by individual explants of the retrochiasmatic

hypothalamus from 15-, 25-, and 50-day-old male rats. The mean + sp interpulse interval is given. The broken
linesindicate the limit of detection of GnRH release. o, Significant pulse (Pulsar program).
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Although the incubation medium contained 400 umol/L glycine in our early experiments (2), a
reduced concentration of 0.01 umol/L was used subsequently because it resulted in optimal GnRH
release in response to NMDA (25). The developmental changes in the frequency of pulsatile GnRH
secretion have been characterized in medium containing 0.01 umol/L glycine and correlated with
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the occurrence of spermatids measured through flow cytometry in testicular homogenates, as
described previously (3). Here, using explants of 15-day-old rats, we studied the effect of glycine
concentration (0.0001-100 umol/L) on the frequency of pulsatile GnRH secretion. These
experiments were repeated using 7-chlorokynurenate (7CK), a specific antagonist of glycine
binding at the NMDA-receptor complex (26), and strychnine, an antagonist at the non-NMDA
glycine receptor in the CNS (27). Also, the effects of loreclezole and vigabatrin, two GABA agonists,
were studied at 15 and 25 days. The significance of GnRH secretory pulses was determined using
the Pulsar program (28), as described previously (3). The significance of changes in mean GnRH
pulse frequency was calculated through ANOVA with correction for repeated measurements and by
Scheffe’s F test (29).

Results

Using explants incubated with 0.01 umol/L glycine, the frequency of pulsatile GnRH secretion was
similar at 25 days, when spermatids started to occur, to that at 50 days, when they attained an
adult level in the testis. In contrast, GnRH pulse frequency was lower at 15 days (Fig. 2), indicating
that an acceleration of pulsatility precedes the onset of puberty, in agreement with our previous
findings (3). When the hypothalamic explants of 15-day-old rats were incubated without glycine, no
GnRH release could be detected at any time during a 3-h experiment. Therefore, the interval
between GnRH secretory pulses, if any, should have been greater than 180 min under those
conditions (Fig. 3A). When glycine concentrations of 0.0001, 0.001, and 0.01 umol/L were used,
GNnRH release became detectable, and secretory pulses were seen. The mean GnRH interpulse
interval decreased, in relation to the glycine concentration (Fig. 3, B and C), to a mean of 61 min,
which was observed using 0.01 umol/L glycine (Fig. 3D). Using 0.1 umol/L glycine, an hourly
interval was seen as well (Fig. 3E). A further increase in the glycine concentration resulted in more
frequent GnRH pulses that occurred at a significantly shorter interval using 10 pmol/L glycine (Fig.
3G) than using 0.1 pmol/L. Such an effect was not seen using 100 pmol/L glycine (Fig. 3H).

When explants from 15-day-old animals were incubated using 0.01 pmol/L glycine (Fig. 4, upper
panels), the addition of the glycine antagonists 7CK (Fig. 4B) and strychnine (Fig. 4C) or the GABA
agonist loreclezole (Fig. 4D) failed to affect the frequency of pulsatile GnRH secretion. When
incubation was performed in a high (10 pmol/L) glycine concentration (Fig. 4, lower panels), the
interval between GnRH pulses was reduced (Fig. 4, E vs. A). The acceleration of pulsatility caused
by 10 umol/L glycine was prevented by 100 umol/L 7CK (Fig. 4F) or 10 umol/L loreclezole (Fig. 4H).
Using 100 pmol/L strychnine, the glycine-induced acceleration of GnRH pulse frequency was
partially inhibited (Fig. 4G).

Using explants from 25-day-old rats under control conditions, the interpulse interval of GnRH
secretion was shorter than that at 15 days (Table 1). Using explants from 25-day-old rats,
loreclezole as well as vigabatrin increased the GnRH interpulse interval (Table 1); this was not the
case for loreclezole using explants from 15-day-old animals (Fig. 4D).
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Fig. 3. Effect of glycine concentration in incubation medium of retrochiasmatic hypothalamic explants of 15-
day-old male rats on the pulsatile secretion of GnRH. At each glycine concentration, a representative
secretory profile of an individual explant and the mean (+sD) interval between GnRH pulses are shown. Four
to six explants were studied in each condition. The asterisks denote a mean interval significantly different (P
< 0.05) from that seen using 0.01 pmol/L glycine (A-D) or 0.1 umol/L glycine (E-H). The broken linesindicate
the limit of detection of GnRH release. @, Significant pulse (Pulsar program).
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Fig. 4. Effect of the glycine antagonists 7CK and strychnine and the GABA agonist loreclezole on pulsatile
GnRH secretion from retrochiasmatic hypothalamic explants of 15-day-old male rats incubated using low
(0.01 umol/L) or high (10 pmol/L) glycine concentrations. In each study condition, a representative secretory
profile of an individual explant and the mean (+sD) interval between GnRH pulses are shown. Four to six
explants are studied for each condition. The asterisks denote a significant difference (P < 0.05) between the
mean intervals seen under control conditions and using the pharmacological glycine antagonists and GABA
agonist. The broken lines indicate the limit of detection of GnRH release. @, Significant pulse (Pulsar

program).
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Table 1. Effects of loreclezole and vigabatrin on the interval between GnRH pulses secreted by hypothalamic
explants of 25- day-old male rats incubated using 0.01 umol/L glycine.

GABA agonists (10 pmol/L) GnRH interpulse interval (min)
Control 39.6+4.9

Loreclezole 52.5+3.5°

Vigabatrin 48.8+4.7°

The data are the mean * sb of the interval between GnRH pulses secreted by four to six individual rat
hypothalamic explants in each group.
7 P<0.05 compared to 25 day controls.

Discussion

The patient described has a neonatal form of NKH. This severe genetic disease results from an
inherited defect in the enzymatic system cleaving glycine. In NKH, the cerebrospinal fluid
concentrations of glycine are highly increased into a characteristic range of 83-280 umol/L (30).
Some NKH symptoms, such as hypotonia, involve the inhibitory strychnine-sensitive glycine
receptors (30), whereas the pathogenesis of seizures involves the excitatory strychnine-insensitive
glycine receptors belonging to the NMDA-receptor complex (31). In the reported girl, evidence of
abnormal estrogenic effect starting early in postnatal life was provided by the acceleration of
growth during the first year and the advancement of bone maturation. As commonly seen in
female precocious puberty, breast tissue developed after growth acceleration. Although we have
not documented the central origin of puberty through a GnRH test, basal LH was increased and
later returned to normal when pubertal development regressed. CNS imaging did not show any
anatomical abnormality in the hypothalamus or other regions known to be involved in the
pathogenesis of precocious puberty.

Based on the experimental induction of precocious puberty after chronic NMDA administration (11,
12), the occurrence of precocious puberty in a patient with NKH was thought to result from
excessive stimulation by glycine of the NMDA receptors linked to the GnRH neurons. The
development of precocious puberty after NMDA receptor-mediated lesion of some neurons
inhibitory to GnRH neurons cannot be ruled out. This hypothesis, however, is unlikely because
neonatal overstimulation of glutamate receptors results in panhypopituitarism secondary to the
loss of a majority of neurons in the arcuate nucleus (32), whereas there isno evidence of such
deficiencies in our patient. Early sexual maturation has not been reported in NKH patients to date.
It is possible that only some NKH patients have glycine concentrations that make them prone to
early pubertal maturation. Indeed, only a particular range of glycine concentrations can potentiate
the NMDA-evoked release of GnRH (25) and pulsatile GnRH secretion (this study), whereas such a
potentiation is not observed using higher glycine concentrations. The concentrations of glycine
commonly used for /n vitro studies of hypothalamic explants are about 100-1000 times lower than
CSF concentrations. The differences between /n vitro and in vivo conditions make difficult any
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comparison based on substrate concentrations, and interpretation of our data relies more on the
relative changes in glycine concentration than on the absolute levels achieved.

The symptoms of precocious puberty regressed and finally disappeared, whereas there was no
change in the metabolic and neurological situation. Spontaneous regression, which is the usual
outcome of premature thelarche, was unlikely to occur in central precocious puberty. Therefore,
we postulated that changes in antiepileptic treatment could have interfered. This hypothesis is
consistent with the pivotal role of the GABA, (ionotropic) receptors in the prepubertal inhibition of
pulsatile GnRH secretion in the female monkey (15). The GABAx receptor is a heteromer of different
subunits with distinct binding sites for GABA, anesthetic or sex steroids, barbiturates, and
benzodiazepines (33). Therefore, the GABA4 receptor can be targeted directly by some antiepileptic
drugs such as barbiturates, benzodiazepines, and loreclezole (22), or indirectly by drugs such as
vigabatrin (23) or sodium valproate (16), which reduce GABA degradation. The widespread use of
different pharmacological GABA receptor agonists in NKH may be an additional reason why
precocious puberty has not been commonly seen in those patients. The inhibition of pubertal
development by GABA agonists in our patient is consistent with the inhibition of LH secretion by
valproate seen in peripubertal subjects (17). In adult women, however, such an inhibition could not
be observed (34, 35), in agreement with our finding that the GABA agonist muscimol and the
antagonist bicuculline did not affect pulsatile GnRH secretion in the postpubertal rat
hypothalamus at 50 days of age (14). These late developmental changes in GABA receptor-
mediated effects may be related to sex steroids, because acute inhibition of pulsatile LH secretion
by valproate was found in postmenopausal women (19).

As it was not ethically possible to evaluate the role of NMDA receptor-related glycine receptors and
GABA4 receptors in the affected child, we tested the proposed concept in a well characterized
paradigm of rat hypothalamic explants. The immortalized GnRH neurons are an alternative
contemporary model. However, developmental changes cannot be studied in these conditions
using hypothalamic explants (2, 3). In addition, the retrochiasmatic hypothalamus appears to
contain a pulse generator different from the GnRH neuron (24) and involving both the facilitatory
NMDA component and the inhibitory GABAx component (13, 14), which are known to exist in the
subhuman primate as well (12, 15). The glycine-dependent increase in the frequency of pulsatile
GnRH secretion is mediated at the NMDA receptor, as this effect is prevented by 7CK, an antagonist
specific for the glycine-binding site of the NMDA receptor complex (26). However, 100 umol/L of the
antagonist 7CK does not abolish pulsatile GnRH secretion. Using a higher 7CK concentration of 500
umol/L, which is able to completely suppress GnRH secretion evoked by NMDA (14), the frequency
of pulsatile GnRH secretion is reduced, but the secretion is not suppressed, as seen in the absence
of glycine. These data suggest that glycine may contribute to GnRH secretion through different
mechanisms, one of which involves NMDA receptors. When glycine or normal development results
in accelerated GnRH pulsatility, loreclezole or vigabatrin can restore a prepubertal pattern of
pulsatile GnRH secretion. These findings are in agreement with the effects of bicuculline, a typical
pharmacological antagonist of GABA, receptors (14, 15).
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In summary, the premature development of puberty in a female infant with NKH and the
regression of those manifestations during therapy with GABA agonists provide preliminary clinical
evidence of involvement of NMDA and GABA receptors in the facilitatory and inhibitory control of
the onset of human puberty. These data point to the pathophysiological importance of extensive
evaluation of neuroendocrine function in NKH as well as in peripubertal patients treated with GABA
agonists as antiepileptic agents.

Acknowledgments

We are grateful to Dr. M. Janssen (Janssen Pharmaceutica, Beerse, Belgium) for providing
loreclezole for treatment of our patient and for /n vitro studies. The gift of y-vinyl GABA (vigabatrin)
from the Marion Merrell Dow Research Institute (Strasbourg, France) for /n vitro studies is
acknowledged. We are indebted to Dr. A. Root for providing the RR-5 anti-GnRH antiserum. We
thank Ms. J. Laurent for expert secretarial assistance.

References

1. Watanabe G, Terasawa E. 1989 /n vivo release of luteinizing hormone releasing hormone increases with
puberty in the female rhesus monkey. Endocrinology. 125:92-99.

2. Bourguignon JP, Franchimont P. 1984 Puberty-related increase in episodic LHRH release from rat
hypothalamus /n7 vitro. Endocrinology. 114:1941-1943.

3. Bourguignon JP, Gérard A, Mathieu J, Mathieu A, Franchimont P. 1990 Maturation of the hypothalamic
control of pulsatile gonadotropin-releasing hormone secretion at onset of puberty: I. Increased
activation of A-methyl-D-aspartate receptors. Endocrinology. 127:873-881.

4.  Wu FCW, Butler GE, Kelnar CJH, Huhtaniemi I, Veldhuis JD. 1996 Ontogeny of pulsatile gonadotropin
releasing hormone secretion from midchildhood, through puberty, to adulthood in the human male: a
study using deconvolution analysis and an ultrasensitive immunofluorometric assay. J Clin Endocrinol
Metab. 81:1798-1805.

5. Dunkel L, Alfthan H, Stenman UH, Selstam G, Rosberg S, Albertsson-Wikland K. 1992 Developmental
changes in 24-hour profiles of luteinizing hormone and follicle-stimulating hormone from prepuberty to
midstages of puberty in boys. J Clin Endocrinol Metab. 74:890-897.

6. Grumbach MM, Kaplan SL. 1990 The neuroendocrinology of human puberty: an ontogenetic
perspective. In: Grumbach MM, Sizonenko PC, Aubert ML, eds. Control of the onset of puberty.
Baltimore: Williams and Wilkins; 1-62.

7. Brauner R, Czernichow P, Rappaport R. 1984 Precocious puberty after hypothalamic and pituitary
irradiation in young children. N Engl J Med. 311:920.

8.  Ogilvy-Stuart AL, Clayton PE, Shalet SM. 1994 Cranial irradiation and early puberty. J Clin Endocrinol
Metab. 78:1282-1286.



Published in : Journal of Clinical Endocrinology and Metabolism (1997), vol. 82, i° 6, pp. 4 =
1899-1903 wrL I EG E
Status : Postprint (Author’s version) universiteée

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24,

25.

Collu R, Motta M, Massa R, Martini L. 1974 Effect of hypothalamic deafferentations on puberty in the
male rat. Endocrinology. 94:1496-1501.

Schultz NJ, Terasawa E. 1988 Posterior hypothalamic lesions advance the time of the pubertal changes
in luteinizing hormone release in ovariectomized female rhesus monkeys. Endocrinology. 123:445-455,

Urbanski HF, Ojeda SR. 1987 Activation of luteinizing-hormone-releasing hormone release advances the
onset of female puberty. Neuroendocrinology. 46:273-276.

Plant TM, Gay VL, Marshall GR, Arslan M. 1989 Puberty in monkeys is triggered by chemical stimulation.
Proc Natl Acad Sci USA. 86:2506-2510.

Bourguignon JP, Gérard A, Purnelle G, et al. 1997 Duality of glutamatergic and gabaergic control of
pulsatile GnRH secretion by rat hypothalamic explants. |. Effects of antisense oligodeoxynucleotides
using explants including or excluding the preoptic area. J Neuroendocrinol. 9:183-191.

Bourguignon JP, Gérard A, Purnelle G, et al. 1997 Duality of glutamatergic and gabaergic control of
pulsatile GnRH secretion by rat hypothalamic explants. Il. Reduced NR2C- and GABAs-receptor-
mediated inhibition at initiation of sexual maturation. J Neuroendocrinol. 9:193-199.

Mitsushima D, Hei DL, Terasawa E. 1994 y-aminobutyric acid is an inhibitory neurotransmitter
restricting the release of luteinizing hormone-releasing hormone before the onset of puberty. Proc Natl
Acad Sci USA. 91:395-399.

Loscher W, Siemes H. 1984 Valproic acid increases aminobutyric acid in CSF of epileptic children.
Lancet. 2:225.

Lundberg B, Nergardh A, Ritzen EM, Samuelsson K. 1986 Influence of valproic acid on the gonadotropin-
releasing hormone test in puberty. Acta Paediatr Scand. 75:787-792.

Melis GB, Mais V, Paoletti AM, Beneventi F, Petacchi FD, Fioretti P. 1986 Involvement of endogenous
gabaergic system in the modulation of gonadotropin secretion in normal cycling women. J Endocrinol
Invest. 7:71-76.

Popovic V, Spremovic-Radjenovic S, Eric-Marinkovic J, Grossman A. 1996 Effect of sodium valproate on
luteinizing hormone secretion in pre- and post-menopausal women and its modulation by naloxone
infusion. J Clin Endocrinol Metab. 81:2520-2524.

. Tanner JM. 1962 Growth at adolescence, 2nd ed. Oxford: Blackwell.

Tanner JM, Whitehouse RH, Cameron N, Marshall WA, Healy MJR, Goldstein H. 1983 Assessment of
skeletal maturity and prediction of adult height (TW2 method), 2nd ed. London, New York: Academic
Press.

Ashton D, Fransen J, Heeres J, Clincke GHC, Janssen PAJ. 1992 /n vivo studies on the mechanism of
action of the broad spectrum anticonvulsant loreclezole. Epilepsy Res. 11:27-36.

Hammond EJ, Wilder BJ. 1985 Gamma-vinyl Gaba. Gen Pharmacol. 16:441-447.

Purnelle G, Czajkowski V, Geérard A, Bourguignon JP. 1995 Sécrétion pulsatile de GnRH par des explants
hypothalamiques de rat en l'absence de corps cellulaires et de mMRNA du GnRH [Abstract]. Ann
Endocrinol (Paris). 56:449.

Bourguignon JP, Gérard A, Franchimont P. 1989 Direct activation of GnRH secretion through different
receptors to neuroexcitatory amino acids. Neuroendocrinology. 49:402-408.



Published in : Journal of Clinical Endocrinology and Metabolism (1997), vol. 82, r° 6, pp. o P LI EG E

1899-1903 ) )
Status : Postprint (Author’s version) 4& universiteée
26. Kemp JA, Foster AC, Leeson PD, et al. 1988 7-Chlorokynurenic acid is a selective antagonist at the

27.

28.

29.

30.

31.

32.

33.

34.

35.

glycine modulatory site of the A-methyl-d-aspartate receptor complex. Proc Natl Acad Sci USA.
85:6547-6550.

Werman R, Davidoff RA, Aprison MH. 1967 Inhibition of motoneurones by iontophoresis of glycine.
Nature. 214:681-683.

Merriam GR, Wachter KW. 1982 Algorithms for the study of episodic hormone secretion. Am J Physiol.
243:E310-E318.

Bourguignon JP, Gérard A, Alvarez Gonzalez ML, Franchimont P. 1992 Neuroendocrine mechanism of
onset of puberty. Sequential reduction in activity of inhibitory and facilitatory A-methyl-d-aspartate
receptors. J Clin Invest. 90:1736-1744.

Hamosh A, Johnston MV, Valle D. 1995 Nonketotic hyperglycinemia. In: Scriver CR, Beaudet AL, Sly WS,
Valle D, eds. The metabolic and molecular basis of inherited disease, 7th ed. New York: McGraw-Hill;
1337-1348.

Johnson JW, Ascher P. 1987 Glycine potentiates the NMDA response in cultured mouse brain neurons.
Nature. 325:529-531.

Olney JW. 1969 Brain lesions, obesity and other disturbances in mice treated with monosodium
glutamate. Science. 164:719-721.

Sieghart W. 1995 Structure and pharmacology of y-aminobutyric acida receptor subtypes. Pharmacol
Rev. 47:181-234.

Lado Abeal J, Cabezas Agricola JM, Paz Carreira JM, Cabezas-Cerrato J. 1991 Influence of sodium
valproate on late follicular phase pulsatile LH secretion in normal women. Clin Endocrinol (Oxf). 35:477-
483.

Lado Abeal J, Rey Losada C, Cabezas Agricola JM, Cabezas-Cerrato J. 1994 Influence of sodium
valproate on medium-late luteal phase pulsatile LH secretion in normal women. Clin Endocrinol (Oxf).
40:127-131.



