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Periodic release of luteinizing hormone-releasing hormone (LHRH)
from the hypothalamus is essential for normal reproductive function.
Pulsatile LHRH release appears to result from the synchronous activ-
ity of LHRH neurons. However, how the activity of these neurons is
synchronized to release LHRH peptide in a pulsatile manner is un-
clear. Because there is little evidence of physical coupling among
LHRH neurons in the hypothalamus, we hypothesized that the activity
of LHRH neurons might be coordinated by indirect intercellular
communication via intermediary (nonneural) cells rather than direct
interneural coupling. In this study, we used an in vitro preparation of
LHRH neurons derived from the olfactory placode of monkey em-
bryos to assess whether nonneuronal cells, play a role in coordinating
LHRH neuronal activity. We found that cultured LHRH neurons and
nonneuronal cells both exhibit spontaneous oscillations in the con-
centration of intracellular Ca2� ([Ca2�]i) at similar frequencies.
Moreover, [Ca2�]i oscillations in both types of cell were periodically
synchronized. Synchronized [Ca2�]i oscillations spread as intercellu-
lar Ca2� waves across fields of cells that included LHRH neurons and
nonneuronal cells, although waves spread at a higher velocity among
LHRH neurons. These results suggest that LHRH neurons and non-
neuronal cells are functionally integrated and that nonneuronal cells
could be involved in synchronizing the activity of the LHRH neuro-
secretory network.

I N T R O D U C T I O N

Luteinizing hormone-releasing hormone (LHRH) peptide is
released from a relatively small number of neurons (600–2000
in mammals, depending on the species) (Silverman et al. 1994)
in the hypothalamus in episodic bursts (Clarke and Cummins
1982; Knobil 1981), about once per hour in primates (Tera-
sawa 1995). How the activity of LHRH neurons is coordinated
to result in discrete LHRH pulses has remained unknown
despite decades of research into this phenomenon (reviewed in
Levine et al. 1991; Terasawa 2001). The most commonly
accepted hypothesis holds that LHRH neurons are physically
coupled to other LHRH neurons to form a cohesive network
within which the activity of individual LHRH neurons is co-
ordinated. However, unlike oxytocin and vasopressin neurons,
LHRH neurons are not organized in discrete nuclei within the
hypothalamus but rather are diffusely distributed throughout

the rostrocaudal extent of the hypothalamus (Silverman et al.
1994). Moreover, ultrastructural analyses have consistently
failed to document the existence of direct LHRH neuron–
LHRH neuron coupling as a likely means of integration (Wit-
kin 1999; Witkin et al. 1995).

Several lines of evidence suggest an alternative hypothesis
to direct interneural coupling, namely that LHRH neuronal
activity is coordinated by indirect signaling via nonneuronal
cells. For instance, LHRH neurons in vivo are relatively iso-
lated from other LHRH neurons but are intimately associated
with glial cells (Durrant and Plant 1999; Witkin et al. 1997). In
addition, cells in the vicinity of LHRH neurons in the hypo-
thalamus, but not LHRH neurons per se (Silverman et al.
1986), exhibit intermittent, synchronous increases in electrical
activity that are coincident with LH pulses (Knobil 1989; Sano
and Kimura 2000). Thus as is the case in several other CNS
systems (Cotrina et al. 2000; Nedergaard 1994), it is possible
that nonneuronal cells that are associated with LHRH neurons
participate in coordinating interneuronal signaling.

To date, substantial insight into the functioning of LHRH
neurons has been gained from observations made in a line of
immortalized cells, called GT1, which have the distinctive
LHRH neuronal phenotype (Liposits et al. 1991; Mellon et al.
1990; Wetsel 1995) and synthesize and secrete LHRH in a
pulsatile manner (Costantin and Charles 1999, 2001; Funa-
bashi et al. 2001; Krsmanovic et al. 1992; Wetsel et al. 1992).
LHRH release from GT1 cells is Ca2� dependent (Costantin
and Charles 1999, 2001; Funabashi et al. 2001; Krsmanovic et
al. 1992; Wetsel et al. 1992), and cultures of some subcloned
GT1 cell lines (e.g., GT1–1) exhibit waves of increased con-
centrations of intracellular Ca2� ([Ca2�]i) and synchronous
firing of action potentials (Charles et al. 1996; Funabashi et al.
2001; Nunemaker et al. 2001), which could serve as a means of
coordinating the activity of networks of these cells. However,
it is not possible to evaluate in GT1 cells the idea that the
activity of LHRH neurons is coordinated by signaling via
nonneuronal cells, rather than by direct interneural coupling,
because GT1 neuronal cell cultures are comprised almost ex-
clusively of LHRH neurons (Mellon et al. 1992).

The recent development of an in vitro preparation of primary
LHRH neurons derived from the monkey embryo has enabled us
to assess the hypothesis that the activity of nonneuronal cells that
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