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A few compounds function as the excitatory amino acid (EAA) transmitters in the central ner-
vous system (CNS), but glutamate (Glu) is the most important. Data on Glu participation in the
control of vasopressinergic (AVP-ergic) and oxytocinergic (OXT-ergic) neuronal activity have been
collected mainly on the basis of observations of hypothalamic AVP-ergic and OXT-ergic neurons.
In vivo and in vitro experiments have demonstrated that Glu enhances bioelectric activity of the
aforementioned neurons and increases AVP and OXT release. However, inhibitory effect of Glu on
AVP-ergic neurons, mediated by local GABA-ergic interneurons, is also possible. Both ionotropic
and metabotropic receptors participate in EAA effect on AVP-ergic and OXT-ergic neurons. EAA
involvement in AVP and OXT release after osmotic stimuli and in OXT release during the milk
ejection reflex has been demonstrated. Recent findings demonstrated that EAA enhanced AVP
release into the extracellular fluid of hippocampus in the rabbit.
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The interest in the role of excitatory amino acids
(EAA) in cerebral functions increased rapidly in the
1990’s. They are considered to be the most important
excitatory neurotransmitters in the central nervous sys-
tem (CNS). They are involved in neuroendocrine regu-
lation, in learning and memory-related processes, as well
as in pathophysiology of many diseases (BrRann 1995).

Amino acids functioning as excitatory neu-
rotransmitters. The most important transmitters in the
group of excitatory amino acids are glutamate (Glu)
and aspartate (Asp). Other amino acids, such as L-ho-
mocysteic acid (L-HCA), quinolinic acid —a metabo-
lite of tryptophan and a dipeptide, N-acetyl-L-aspar-
tyl-L-glutamic acid (NAAG), may also act as EAA in
CNS, see Fig. 1 (Brann 1995). Among all the afore-
mentioned EAA, glutamate, found to occur in the larg-
est quantities, plays the most important role in the CNS
(Fonnum 1984). Excitatory amino acids are released
from presynaptic terminals as a result of cell membrane
depolarization, in a Ca**-dependent manner.

Excitatory amino acid receptors. The released
EAA bind to specific receptors in the postsynaptic
membrane causing its excitation. Glutamate receptors
have been classified as ionotropic and metabotropic.
The ionotropic ones are coupled with specific ion chan-
nels, the function of which they regulate, whereas the
metabotropic ones influence, via proteins G, the syn-
thesis of secondary cellular transmitters and subsequent-
ly the cellular metabolism. Ionotropic receptors include:
NMDA (N-methyl-D-aspartate receptors), and non-
NMDA, i.e. cainate and AMPA (DL-o-amino-3-hy-
droxy-5-methyl-4-isoxazole propionic acid) (BRANN
1995). Metabotropic receptors include 8 receptor sub-
types distinguished by different pharmacological pro-
files (mGIuR | ) (RiepEL and REYMANN 1996).

Distribution of vasopressinergic and oxytociner-
gic neurons in the brain. The main location of vaso-
pressinergic (AVP-ergic) and oxytocinergic (OXT—er-
gic) neurons in mammals are magnocellular hypotha-
lamic nuclei, the supraoptic nucleus (SON) and the
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paraventricular nucleus (PVN). The nerve fibers from
that area project predominantly towards the posterior
pituitary lobe and the median eminence (VAN LEEUWEN
et al. 1979). Moreover, the hypothalamus contains
magnocellular AVP-ergic and OXT-ergic neurons form-
ing the so-called accessory hypothalamic nuclei with
different locations, projections and sensitivity to stim-
uli in different animal species (SOFRONIEW 1983).

Parvocellular AVP-ergic neurons are concentrated
mainly in the suprachiasmatic nucleus (SCN) of the hy-
pothalamus, from which they project towards the or-
ganum vasculosum of the lamina terminalis (OVLT), the
lateral septum and the lateral habenula nucleus (Sorro-
NEw and WEINDL 1978). Parvocellular neurons located
in the posterior portion of the PVN, synthesizing pre-
dominantly AVP, but also OXT, project with their axons
to distant extrahypothalamic regions, e.g. to the limbic
system, medulla oblongata and spinal cord (Buus 1978).
Large groups of parvocellular AVP-ergic neurons have
been identified within the bed nucleus of the stria termi-
nalis (BNST) and in the medial amygdala (SoFRONIEW
1985). Populations of parvocellular neurons have been
also localized in the locus coeruleus (LC), in the vertical
limb of the nucleus of the diagonal band and in the me-
dial and lateral septum (SorFroNIEW 1985).

Besides AVP-ergic neurons, OXT-ergic ones have
also been found in the BNST (SorroNIEW 1985; INGRAM
and Moss 1992), as well as in the amygdala, hippoc-
ampus, septum and locus coeruleus (SoFRONIEW 1983).

Significant species-related differences in the distri-
bution of AVP-ergic and OXT-ergic neurons in differ-
ent animals should be emphasized. For instance, AVP-
ergic fibers abundantly present in the lateral septal nu-
cleus of the rat do not occur in that structure in the
rabbit (Buus, unpublished observations, according to
WaNG et al. 1997).

Recently, the presence of AVP-ergic neurons has
been observed within the pyramidal cell layer of CA1-
3 hippocampal areas and the dentate gyrus in rat (HALL-
BECK et al. 1999). The authors suggest the presence of
vasopressinergic cell bodies in these structures (HaLL-
BECK et al. 1999). Neurons located in the amygdala have
been regarded to date as the only source of vasopressin
in the hippocampus (CArrE et al. 1987). However, no
vasopressinergic neurons have been identified in the
amygdala of primates, where only oxytocinergic neu-
rons are present (WANG et al. 1997).

Effect of excitatory amino acids on hypothalamic
AVP- and OXT-ergic neurons and AVP and OXT
release. The observations of the effect of EAA on AVP-

ergic and OXT-ergic neurons made so far concern mainly
the neurons located in the hypothalamus. Both within
the SON and the PVN the presynaptic buttons demon-
strated considerable glutamate immunoreactivity, accom-
panied by a lower level of aspartate immunoreactivity
(Van pDeN PoL 1991). Localization of glutamatergic/as-
partatergic neurons projecting to the supraoptic nucleus
in the rat has been recently demonstrated (Csaki et al.
2002). Determination of the numbers of particular types
of nerve terminals localized on AVP- and OXT-ergic
neurons in the SON demonstrated the glutamate (Glu-
ergic) terminals to account for 1/3 of the total innerva-
tion of that nucleus (MEEKER et al. 1993). Quantitatively,
the innervation of AVP- and OXT-ergic neurons by Glu-
ergic terminals in that nucleus is similar (EL MAipousi et
al. 1996). It changes considerably in the periods of secre-
tory activation of these neurons, e.g. the number of Glu-
ergic terminals on OXT-ergic neurons in rat SON in-
creases during lactation (THEODOSIS et al. 1995). All types
of glutamate receptors have been found in rat hypothal-
amus, with relative predominance of NMDA (MEEKER
et al. 1993). On the other hand, a comparison of the dis-
tribution of Glu receptors in both magnocellular hypo-
thalamic nuclei demonstrates higher density of these re-
ceptors in PVN than in SON (MEEexER et al. 1994). Exci-
tatory amino acids are known to increase intracellular
Ca* levels in the cells exposed to their effect (VAN DEN
PoL et al. 1990). Different pathways of this process after
excitation of ionotropic and metabotropic receptors in
SON neurons have been demonstrated. Activation of
ionotropic NMDA and non- NMDA receptors results in
an inflow of Ca™? from the extracellular space into the
neurons, whereas activation of metabotropic receptors
causes a release of Ca*™ from the intracellular stores of
these neurons (HarTori et al. 1998). OXT-ergic neurons
receive Glu-ergic transmissions primarily via AMPA, and
AVP-ergic neurons via NMDA receptors (ARMSTRONG
and SterN 1998). Both the number of Glu-ergic termi-
nals located on magnocellular SON neurons and the
number of Glu receptors, as well as the role of various
subunits in their activity are flexible and variable de-
pending on the type of physiologic stimuli (Pak and
Curras-CoLLazo 2002).

The effect of EAA on the activity of AVP- and OXT-
ergic hypothalamic neurons and the role of Glu recep-
tors involved in the process was investigated. It was dem-
onstrated in in vitro experiments on superfused explants
of rat hypothalamus that EAA induce cell membrane
depolarization of magnocellular SON neurons (Hu and
Bourque 1991). Moreover, Glu receptor antagonists di-
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Fig.1 Formulas of endogenous excitatory amino acid neurotransmitters present and acting in the brain

minished or eliminated evoked depolarizing postsynap-
tic potentials and reduced the amplitude and frequency
of spontaneous postsynaptic potentials recorded from
magnocellular neurons in the SON. This allowed to state
that these receptors are involved in the mechanism of
both types of bioelectric activity of these neurons
(GriBkorr and Dupek 1990). The result of such effect of
EAA on magnocellular SON neurons is the release of
AVP into the fluid incubating explants of the hypothala-
moneurohypophysial system in in vitro experiments
(Cosrta et al. 1992; SLaDpek et al. 1995). Excitatory ami-
no acids may also exert an inhibitory effect on the re-
lease of AVP from the hypothalamic slices into the in-
cubating fluid, which is explained by their indirect in-
fluence on AVP-ergic neurons mediated by local GABA-
ergic neurons releasing an inhibitory transmitter,
y-aminobutyric acid (Joanny et al. 2000). The bioelec-
tric activity of OXT-ergic neurons (RicHARDSON and
WAKERLEY 1997; JourpaIN et al. 1998) and OXT release
(PampiLrLo etal. 2001) are also stimulated by EAA. How-
ever, the bioelectric response of AVP- and OXT-ergic
neurons to EAA may differ for both cell types, which is
dependent on the type of receptors mediating the effects
of these transmitters (STERN et al. 1999). The patterns of
activity observed for AVP- and OXT-ergic neurons af-
ter the activation of AMPA receptors are completely dif-
ferent, whereas NMDA receptor-mediated excitation pat-
terns are very similar for both types of neurons (STERN et

al. 1999). The Glu-ergic neurons identified within the
PVN are equipped with o -adrenergic receptors. Thus,
it can be concluded that EAA released from local
glutaminergic interneuron terminals in the PVN may
mediate the well-known excitatory effect of norepineph-
rine on magnocellular neurons of that nucleus and on
the release of AVP and OXT (DAFTARY et al. 1998). The
effect of EAA on bioelectric activity of AVP- and OXT-
ergic neurons (Moss et al. 1997) and the release of both
neuropeptides (BisseT and FAIRHALL 1996) has been con-
firmed by in vivo experiments. However, OXT-ergic
neurons should be considered to respond to EAA more
actively than AVP-ergic ones, because intravenous in-
jections of NMDA caused more significant OXT release
than that of AVP in rats (JEzova and MicHaJLOVSKD 1992).
Increased AVP release into the femoral vein blood and
blood flowing from the sella turcica region was observed
after NMDA injection into the internal carotid artery in
rats (Goraca 1998).

Excitatory amino acids are involved in signal trans-
mission in the presence of an osmotic factor (SLADEK et
al. 1995, 1998; Goraca 1998). Microdialysis of cere-
bral structures has demonstrated that the release of
glutamate in the region of the organum vasculosum of
the lamina terminalis and median preoptic nucleus in
rats is enhanced after intraperitoneal injection of hy-
pertonic saline (ONaka and Yact 2001). The latter au-
thors concluded that EAA of this cerebral region are
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involved in the activation of neurosecretory neurons in
the SON after osmotic stimulation. Release of both neu-
rohormons as a result of osmotic stimulation is associ-
ated with the activation of ionotropic receptors, includ-
ing both NMDA (Onaka and Yact 2001) and non-
NMDA ones (Stapek et al. 1998). Metabotropic re-
ceptors are not involved in this process (MORSETTE et
al. 2001). Activation of an NMDA receptor by an os-
motic stimulus enhances the expression of nuclear AVP
RNA in SON (Amava et al. 1999).

Reflex OXT release due to mammary gland stimu-
lation in female rats is also dependent on transmission
in the Glu-ergic neurons at the hypothalamic level
(PArRkER and CrRoOwLEY 1993a). In this reflex, the
glutamate transmitter exerts its effect mainly via the
AMPA and cainate receptors, but the role of NMDA
receptors is also very important (PARKER and Crowley
1995). The interaction between norepinephrine and
glutamate transmission in the SON in the milk ejection
reflex has been discovered (PArRkER and CROWLEY
1993b). Recent studies on hypothalamic organotypic
cultures revealed that intrahypothalamic glutamatergic
inputs govern synchronization of bursting firing in OXT
neurons (ISRAEL et al. 2003). Such periodicity of burst-
ing activity in OXT neurons occurs just before each
milk ejection in the lactating rat.

A group of OXT neurons originating in the PVN and
projecting to extrahypothalamic brain areas and spinal
cord control penile erection. Excitatory amino acids ac-
tivate these OXT neurons via NMDA receptors and are
responsible for this sexual response. The activation of
OXT neurons by excitatory amino acids is secondary to
the activation of nitric oxide (NO) synthase. NO in turn
activates, by a mechanism that is as yet unidentified, the
release of OXT from OXT neurons in extrahypothalam-
ic brain areas (MELis and ArcioLas 2003).

CHAVALEYRE and co-workers (2002) studied the role
of interplay between postsynaptic dendritic AVP/OXT
release and presynaptic glutamate release in SON in
the rat. /n vivo and in vitro experiments showed that
this interplay is required for morphological plasticity

observed during the second postnatal week in the SON
in rats. NMDA receptor activation is necessary for the
increase and maintenance of the dendritic arbor of the
SON neurons (CHEVALEYRE et al. 2002).

Effect of excitatory amino acids on extrahypo-
thalamic AVP-ergic neurons. The effect of EAA on
the activity of AVP-ergic neurons in rabbit hippocam-
pus was also investigated. As mentioned above, both
AVP-ergic terminals (Buus 1978) and AVP-ergic cell
bodies (HaLLBECK et al. 1999) were identified in rat hip-
pocampus, and AVP and OXT release into the fluid
perfusing the hippocampus of awake rats was demon-
strated (LANDGRAF et al. 1988; LANDGRAF et al. 1991). It
had not been known before whether there were any
AVP-ergic neurons or their terminals in the rabbit hip-
pocampus. Recently, the release of AVP into the fluid
dialyzing the hippocampus in a rabbit has been ob-
served, which allows a conclusion indicating the pres-
ence of such terminals (OrRLOWSKA-MAIDAK et al. 2003).
The addition of NMDA to the fluid dialyzing the rab-
bit hippocampus increased the release of AVP (ORLOWS-
KA-Maipak et al. 2003). The above indicates an excita-
tory effect of EAA on the AVP-ergic terminals located
in the hippocampus, which may play a role in the pre-
viously documented involvement of AVP and
glutamates in memory-related processes (URBAN 1998).

Conclusions

Both in vitro and in vivo experiments have demon-
strated that excitatory amino acids exert a direct effect
on AVP- and OXT-ergic neurons, enhancing their bio-
electric activity, as well as AVP and OXT release,
whereas they may also exert an inhibitory effect, medi-
ated by GABA-ergic neurons.

Acknowledgements

This work was supported by the research grant from
Medical University of Lodz, fund No. 503-603-3.

References

Amava F, Havastr S, Tanaka M et al: Evidence for regulation of vasopressin gene transcription by the NMDA receptor.

Neuroreport 10, 157-160, 1999

ArMsTRONG WE, STERN JE: Phenotypic and state-dependent expression of the electrical and morphological properties of
oxytocin and vasopressin neurons. Prog Brain Res 119, 101-113, 1998



VASOPRESSINERGIC AND OXYTOCINERGIC NEURONS 27

Bisser GW, FarnaLL KM: Release of vasopressin and oxytocin by excitatory amino acid agonists and the effect of
antagonists on release by muscarine and hypertonic saline, in the rat in vivo. Br J Pharmacol 117, 309-314, 1996

Brann DW: Glutamate: A major excitatory transmitter in neuroendocrine regulation. Neuroendocrinology 61, 213-225, 1995

Buus RM: Intra- and extrahypothalamic vasopressin and oxytocin pathways in the rat; pathways to the limbic system,
medulla oblongata and spinal cord. Cell Tissue Res 192, 423-435, 1978

Carre AR, VAN LEeuweN FW, Luiten PGM: Vasopressin cells in the medial amygdala of the rat project to the lateral
septum and ventral hippocampus. J Comp Neurol 261, 237-252, 1987

CHEVALEYRE V, Moos FC, DesarMENIEN MG: Interplay between presynaptic and postsynaptic activities is required for
dendritic plasticity and synaptogenesis in the supraoptic nucleus. J Neurosci 22, 265-273, 2002

Costa A, YasiN SA, Hucks D, ForsLing ML: Differential effects of neuroexcitatory amino acids on corticotropin-releas-
ing hormone-41 and vasopressin release from rat hypothalamic explants. Endocrinology 131, 2595-2602, 1992

Csak1 A, Kocsis K, Kiss J, HaLAsz B: Localization of putative glutamatergic/aspartatergic neurons projecting to the
supraoptic nucleus area of the rat hypothalamus. Eur J Neurosci 16, 55-68, 2002

Dartary SS, Boupasa C, SzaBo K, Tasker JG: Noradrenergic excitation of magnocellular neurons in the rat hypothalam-
ic paraventricular nucleus via intranuclear glutamatergic circuits. J Neurosci 18, 10619-10628, 1998

EL Maspoust M, PouraNn DA, ThHeoposis DT: The glutamatergic innervation of oxytocin- and vasopressin-secreting
neurons in the rat supraoptic nucleus and its contribution to lactation-induced synaptic plasticity. Eur J Neurosci
8, 1377-1389, 1996

Fonnum F: Glutamate: A neurotransmitter in mammalian brain. J Neurochem 42, 1-11, 1984

Goraca A: Increase in vasopressin concentration and cardiodepressant activity in the blood dialysates after NMDA and
hypertonic saline administration. J Physiol Pharmacol 49, 561-575, 1998

Griekorr VK, Dupek FE: Effects of excitatory amino acid antagonists on synaptic responses of supraoptic neurons in
slices of rat hypothalamus. J Neurophysiol 63, 60-71, 1990

HaLLBeck M, HERMANSON O, BLomqvist A: Distribution of preprovasopressin mRNA in the rat central nervous system.
J Comp Neurol 411, 181-200, 1999

Harror1 Y, SHiBUYA I, Tanaka K et al: Ionotropic and metabotropic glutamate receptor agonist-induced [Ca*'], increase in
isolated rat supraoptic neurons. J. Neuroendocrinol. 10, 383-389, 1998

Hu B, BourQuE CW: Functional N-methyl-D-aspartate and non-N-methyl-D-aspartate receptors are expressed by rat
supraoptic neurosecretory cells in vitro. J Neuroendocrinol 3, 509-514, 1991

Ingram CD, Moos F: Oxytocin-containing pathway to the bed nuclei of the stria terminalis of the lactating rat brain:
immunocytochemical and in vitro electrophysiological evidence. Neuroscience 47, 439-452, 1992

IsrRAEL JM, LE MassoN G, Treoposis DT, PouLain DA: Glutamatergic input governs periodicity and synchronization of
bursting activity in oxytocin neurons in hypothalamic organotypic cultures. Eur J Neurosci 17, 2619-2629, 2003

JEzovA D, MicHaiLovsky N: N-methyl-D-aspartic acid injected peripherally stimulate oxytocin an vasopressin release.
Endocrine Regulations 26, 73-75, 1992

JoanNny P, STEINBERG J, GUERRERO F et al: The effects of ionotropic agonists of excitatory amino acids on the release of
arginine vasopressin in rat hypothalamic slices. J Neuroendocrinol 12, 970-976, 2000

Jourpam P, Durouy B, BonHoMmME R et al: Electrophysiological studies of oxytocin neurons in organotypic slice cultures.
Adv Exp Med Biol 449, 135-145, 1998

LANDGRAF R, NEUMANN I, PittmaN QJ: Septal and hippocampal release of vasopressin and oxytocin during late pregnancy
and parturition in the rat. Neuroendocrinology 54, 378-383, 1991

LANDGRAF R, NEUMANN I, SchwaRrzBERG H: Central and peripheral release of vasopressin and oxytocin in the conscious rat
after osmotic stimulation. Brain Res 457, 219-225, 1988

MEEekER RB, GrREENwoOD RS, HAywArD JN: Glutamate receptors in the rat hypothalamus and pituitary. Endocrinology
134, 621-629, 1994

MEEekER RB, Swanson DJ, GREENwooD RS, Haywarp JN: Quantitative mapping of glutamate presynaptic terminals in the
supraoptic nucleus and surrounding hypothalamus. Brain Res 600, 112-122, 1993

MELis MR, AragioLas A: Central oxytocinergic neurotransmission: a drug target for the therapy of psychogenic erectile
dysfunction. Curr Drug Targets 4, 55-66, 2003

MorsetTE DJ, Siporowicz H, SLapek CD: Role of metabotropic glutamate receptors in vasopressin and oxytocin release.
Am J Physiol 281, R452-R458, 2001

Moss FC, Rosst K, RicHARD P: Activation of N-methyl-D-aspartate receptors regulates basal electrical activity of oxyto-
cin and vasopressin neurons in lactating rats. Neuroscience 77, 993-1002, 1997



28 VASOPRESSINERGIC AND OXYTOCINERGIC NEURONS

Onaka T, Yaat K: Involvement of N-methyl-D-aspartic acid receptor activation in oxytocin and vasopressin release after
osmotic stimuli in rats. J Neuroendocrinol 13, 166-174, 2001

Orrowska-Maipak M, Traczyk WZ, Szymanski D: Hippocampal vasopressin release evoked by N-methyl-D-aspartic
acid (NMDA) microdialysis. Physiol Res 52, 373-382, 2003

Pak CW, Curras-CoLrazo MC: Expression and plasticity of glutamate receptors in the supraoptic nucleus of the hypo-
thalamus. Microsc Res Tech 56, 92-100, 2002

PampiLLo M, DEL CARMEN Diaz M, DuviLanski BH et al: Differential effects of glutamate agonists and D-aspartate on
oxytocin release from hypothalamus and posterior pituitary of male rats. Endocrine 15, 309-315, 2001

Parker SL, CrowLEy WR: Stimulation of oxytocin release in the lactating rat by central excitatory amino acid mecha-
nisms: Evidence for specific involvement of R,S-0-amino-3-hydroxy-5methylisoxazole-4-propionic acid-sensi-
tive glutamate receptors. Endocrinology 133, 2847-2854, 1993a

Parker SL, CrowLEY WR: Stimulation of oxytocin release in the lactating rat by a central interaction of ci-adrenergic and
o-amino-3-hydroxy-5-methylisoxazole-4-propionic acid-sensitive excitatory amino acid mechanisms. Endocri-
nology 133, 2855-2860, 1993b

Parker SL, CRowLEY WR. Central stimulation of oxytocin release in the lactating rat by N-methyl-D-aspartate: Require-
ment for coactivation through non-NMDA glutamate receptors or the glycine coagonist site. Neuroendocrinol-
ogy 62, 467-478, 1995

RicHAarRDsON CM, WAKERLEY JB: Glutamate excitation of oxytocin neurons in vitro involves predominantly non-NMDA
receptors. Brain Res 767, 158-161, 1997

RiEDEL G, REYmMANN KG: Metabotropic glutamate receptors in hippocampal long-term potentiation and learning and
memory. Acta Physiol Scand 157, 1-19, 1996

Scapek CD, BADre SE, MorsetTE DJ, Siborowicz HE: Role of non-NMDA receptors in osmotic and glutamate stimula-
tion of vasopressin release: effect of rapid receptor desensitization. J Neuroendocrinol 10, 897-903, 1998

Srapek CD, FisHErR KY, Siporowicz HE, MATHIASEN JR: Osmotic stimulation of vasopressin mRNA content in the su-
praoptic nucleus requires synaptic activation. Am J Physiol 268, R1034-R1039, 1995

SorroNIEW MV: Morphology of vasopressin and oxytocin neurons and their central and vascular projections. In: The
Neurohypophysis: Structure, Function and Control. Progress in Brain Research. (Eds. BA Cross, G. Leng), pp.
101-114, Elsevier 60, 1983

SorroNIEW MV, WEINDL A: Projections from the parvocellular vassopressin and neurophysin-containing neurons of the
suprachiasmatic nucleus. Amer J Anat 153, 391-430, 1978

SorrONIEW MV: Vasopressin and neurophysin-immunoreactive neurons in the septal region, medial amygdala and locus
coeruleus in colchicine-treated rats. Neuroscience 15, 347-358, 1985

STerRN JE, GALARRETA M, FoEHRING RC et al: Differences in the properties of ionotropic glutamate synaptic currents in
oxytocin and vasopressin neuroendocrine neurons. J Neurosci 19, 3367-3375, 1999

Treoposis DT, EL. MaipouBt M, Gies U, PouLaiNn DA: Physiologically-linked structural plasticity of inhibitory and excita-
tory synaptic inputs to oxytocin neurons. Adv Exp Med Biol 395, 155-171, 1995

UrsaN 1JA: Effects of vasopressin and related peptides on neurons of the rat lateral septum and ventral hippocampus. In:
Progress in Brain Research. (Eds. IJA Urban , JPH Burbach and de D Wied), pp. 285-310, Elsevier Science 119, 1998

Van LEeuweN FW, DE Raay C, SwaaB DF, Fisser B: The localisation of oxytocin, vasopressin, somatostatin and luteiniz-
ing hormone releasing hormone in the rat neurohypophysis. Cell Tiss Res 202, 189-201, 1979

VaN DeN PoL AN: Glutamate and aspartate immunoreactivity in hypothalamic presynaptic axons. J Neurosci 11, 2087-
2101, 1991

Van pEN Por AN, WuariN JP, Dubek FE: Glutamate, the dominant excitatory transmitter in neuroendocrine regulation.
Science 250, 1276-1278, 1990

WanG Z, Moobpy K, NEwman JD, INseL TR: Vasopressin and oxytocin immunoreactive neurons and fibers in the forebrain
of male and female common marmosets (Callithrix jacchus). Synapse 27, 14-25, 1997

Corresponding author: Monika Orlowska-Majdak
Department of Experimental and Clinical Physiology
Institute of Physiology and Biochemistry
Medical University of Lodz
Mazowiecka 6/8, 92-215 Lodz, Poland
E-mail: morlowska@zdn.am.lodz.pl





