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Abstract

Glutamate participates in the regulation of secretion of several neuropeptides, including substance P (SP). Glutamate acts through ionotrop
(iGIuR) and metabotropic (MGIuR) receptors. We have investigated whether glutamate receptor agonists and antagonists could affect SP reles
from the arcuate nucleus and the median eminence (ARC/ME). An increase in SP-like immunoreactivity (SP-LI) release from ARC/ME was inducec
by glutamate an&/-methyl-p-aspartate (NMDA). This increase was preventedgy-)-2-amino-5-phosphono pentanoic acid (DAP5) (0.1 mM), a
specific NMDA antagonist and by (RS)-1-aminoindan-1,5-dicarboxylic acid (AIDA) (0.1 mM), a selective antagonist of group | mGIuR. The selec-
tive non-NMDA receptor antagonist 6,7-dinitroquinoxaline-2,3(1H-4H)-dione (DNQX) (0.1 mM) and ¢R8gthyl-4-tetrazolylphenylglycine
(MTPG) (0.1 mM), a group Il and Il mGIluRs antagonist, did not affect the stimulatory effect of glutamate. A group | selective agjeRijSst, (
dihydroxyphenylglycine (DHPG) induced a significant increase in SP-LI release. Supporting the participation of nitric oxide (NO) in the effect of
glutamate on SP-LI release, NAME (0.5 mM), a NO synthase inhibitor, reduced the glutamate-induced increase in SP-LI release from ARC/ME.
Similarly, glutamate did not induce an increase in SP-LI release in the presence of meloxicam (0.1 mM) (a cyclooxygenase-2 (COX-2) specific
inhibitor) indicating that prostaglandins production may also be involved in the glutamate effect. These data indicate that glutamate intteases SP
release from the ARC/ME by acting through NMDA and group | mGIuRs in the male rat. This stimulatory effect could be mediated by nitric oxide
and prostaglandin production.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Glutamate receptors; Substance P; Hypothalamus

Glutamate, the major excitatory neurotransmitter in the central Glutamate is involved in a variety of physiological and patho-
nervous system (CNS), acts through both ionotropic (iGluRs)ogical processes and evidence shows that it plays an impor-
and metabotropic (mGIuRs) receptors. The iGIuRs have beetant role in neuroendocrine regulation of the hypothalamo—
further subdivided intav-methylb-aspartate (NMDA), kainate pituitary—gonadal axif9]. The highest glutamate receptor den-
and alpha-amino 3-hydroxy-5-methyl-4-isoxazole propionatesity in the hypothalamus has been localized in regions related to
(AMPA) receptor subtypef.0]. neuroendocrine secretion and autonomic regulg@éi
mMGIuRs are classified into three groups. Group | mGluRs The tachykinins substance P (SP), neurokinin A, and neu-
(types 1 and 5 mGIuR and splice variants) increase the releasekinin B are neuropeptides subserving a wide range of physi-
of C&* from internal stores via inositol triphosphate mobiliza- ological functiong8,27]. Tachykinins are widely expressed in
tion and activation of protein kinase[6]. In contrast, group Il  the CNS where they have several functions such as neural mod-
MGIuRs (MGIuR2 and 3) and group Il mGluRs (MGIuR4, 6, 7ulation, often in synergy with glutamate excitatory transmission
and 8) are coupled to the inhibition of adenylyl cyclase and als¢30].
modulate ion channel activitp]. The hypothalamus is one of the main target structures inner-
vated by tachykinin fibers projecting into the forebrfif,24]
Alarge body of evidence indicates the presence of tachykininsin
* Corresponding author. Tel.: +54 11 5950 9500x2158; fax: +54 11 4950 ge121ypothalamic structures related to the neuroendocrine function
E-mail address: mlasaga@fmed.uba.ar (M. Lasaga). such as the arcuate nucleus, an integrative center that receives
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dense tachykinergic innervation, specially from the preoptic 16 1
areg[21]. Studies using monosodium glutamate in neonatal rats .
showed that the arcuate nucleus is a major tachykinin containing " ]
area of the hypothalami$8]. = . o
Considerable evidence has implicated SP in control of LHand £ . %
prolactin secretiotjl4,15] SP was previously shown to stim- §3 8 e ﬁ
ulate LH secretion and synergistically enhance GnRH-evoked 2 oo PR
LH release from cultured pituitary celld1]. On the other 3 . % o A
hand, another studies indicate an inhibitory action of SP inthe ~ “ 4 SR
control of LH at the hypothalamic lev§s,13]. Using immuno- SR
histochemistry, it has been demonstrated that certain SP/NKA T N
neurons in the arcuate nucleus may project fibers to make synap- 0 ol oo oo &
tic contact with Gn-RH neurons in the septo-preoptic areain the 0.01mM 0.1mM ImM

rat[35]. Therefore, studying the mechanisms that control neUrig. 1. Glutamate increases SP-LI release from ARC/ME of male rats. Data were
rokinin release can provide valuable information concerning thexpressed as the me#r8.E.M. of five determinations per grod.< 0.05 and
control of hormone release. " p<0.01 vs. control group.

Considering that SP participates in the control of pituitary
hormone secretion and, given that iGluRs and mGIuRs aré&.4, with 10 mM glucose, 25 mM HEPES, 0.1% bovine serum
involved in the regulation of the release of neurotransmitteralbumin (BSA) and 0.1 mM bacitracin.
and neuropeptidg®8,29), this study investigated the effect of  Tissues were preincubated for 15 min. Then the medium was
activation of subtypes of iGIuRs and mGIuRs on the releaseeplaced with fresh KRB and the tissues were incubated for
of SP from the rat arcuate nucleus and the median eminen@&0 min in the presence of agonists and/or antagonists. At the
(ARC/ME). end of the incubation, the medium was frozen and lyophilized

Male Wistar rats (200—250 g body weight) were housed undeuntil assayed for SP-like immunoreactivity (SP-LI). The tissues
controlled temperature and light conditions. Food and watewere homogenized in 2 N acetic acid and protein concentration
were available ad libitum. After decapitation, a hypothalamicwas determined by the Bradford method.
explant including the arcuate and periventricular nuclei, the The concentration of SP-LI was quantified by radioim-
medial preoptic area and the median eminence was dissectatunoassay (RIA) previously described in defd]. The SP
as previously describefd2]. Experiments were carried out in antibody was purchased from Bachem AG. The tracerffs
accordance with the National Institute of Health Guide for the[Tyr8]SP (New England Nuclear) and the sensitivity of the assay
Care and Use of Laboratory Animals (NIH Publications No.was 15 pg SP-Ll/tube. The inter- and intra- assay coefficients of
80-23) revised 1996. variation were less than 6 and 11%, respectively.

L-Glutamic acid (glutamate), S}-3,5-dihydroxyphenyl- Datawere expressed as the mea®.E.M. and were analyzed
glycine (DHPG), (RS)-1-aminoindan-1,5-dicarboxylic acid by one- or two-way analysis of variance (ANOVA) followed by
(AIDA), ((2S, IS, 2S)-2-(carboxycyclopropyl) glycine)r¢ Dunnett’s test for comparisons against the control group or by
CCG-l), N-methylp-aspartate (NMDA), (RS¥methyl- Bonferroni Testfor multiple comparisons. Differences were con-
4-tetrazolylphenylglycine (MTPG), b-(—)-2-amino-5- sidered statistically significant wher< 0.05. All experiments
phosphonopentanoic acid (DAP5), and 6,7-dinitroquinoxalinewere performed at least twice. Figures represent results of indi-
2,3(1H-4H)-dione (DNQX) were purchased from Tocris Cook-vidual experiments.
son Inc. (Ballwin, MO, USA)Nw-Nitro-L-arginine methyl ester Glutamate increased the release of SP-LI from ARC/ME
hydrochloride (NAME) and 4-Hydroxy-2methy-(5-methyl-  of male rats at 0.1 and 1 mM~(g. 1). To investigate which
2thiazolyl)-2H-1,2-benzothiazine-3-carboxamidel,1-dioxide type of glutamate receptor was involved in the effect of glu-
(Meloxicam) were purchased from Sigma Aldrich Co (St.tamate on SP-LI release, we determined the effect of differ-
Louis, MO, USA). 129 [Tyr8]SP was obtained from New ent agonists and antagonists of glutamate receptors. A specific
England Nucled™ (Boston, MA, USA). NMDA antagonist, DAP5 0.1 mM, and a specific group | mGIuR
antagonist, AIDA 0.1 mM, prevented the stimulatory effect of
glutamate 1 mM on SP-LI releasEi¢. 2A and B). On the con-

Antagonist .
trary, an AMPA/KA antagonist (DNQX 0.1 mM) and a group
NMDA receptor DAPS I/l mGIuR antagonist (MTPG 0.1 mM) failed to modify SP-
é':ﬁmlrgéfﬁg‘:or DAII\'[?AX LI release induced by glutamat€&i. 2A and B). NMDA at
Group I1/11l mGIuRs MTPG 0.1 and 1 mM increased the release of SP-LI from ARC/ME

(Fig. 3A). DHPG, a group | agonist also increased SP-LI release
at all concentrations testeHi¢. 3B).

Two ARC/ME fragments were incubated in a Dubnoff shaker ~ Since glutamate is known to induce the expression and
at 37°C, in 95% Q@ —5% CQG with 0.5 ml of Krebs—Ringer activity of inducible nitric oxide synthase (iINOS) and
bicarbonate (KRB) buffer (119 mM NaCl, 5mM KCI, 2.5 mM cyclooxygenase-2 (COX-2), we tested the effect of an INOS
CaCb, 1.2 mMNaHPQ, 1.2 mM MgSQ, 25 mM NaHCQ) pH inhibitor (NAME) and a COX-2 inhibitor (Meloxicam). The
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LI release from ARC/ME. Data were expressed as the me@rE.M. of five

Fig. 2. Effect of: (A) glutamate alone or in the presence of D-AP5 (NMDA determinations per groufl,p <0.01 and™ p<0.001 vs. control group.

antagonist) and DNQX (AMPA/KA antagonist) and (B) glutamate alone or in
the presence of AIDA (group | mGIuR antagonist)or or MTPG (group I/l
mGluR antagonist) on the release of SP-LI from ARC/ME. Data were expressed MGIURS modulate neurotransmission in synaptic terminals

as the meas: S.E.M. of five determinations per group. p <0.001 vs. control throughout the braifb] and act presynaptically to reduce trans-
group, p<0.001vs. glutamate 1 mM. mission at glutamatergic synapsf9]. Our present results
indicate that activation of group | mGIuRs induces an increase
iINOS inhibitor NAME did not modify the release of SP-LI per in SP release. Accordingly, selective activation of group |
se, but did block the stimulatory effect of glutamate on SP-Limetabotropic receptors upregulates SP mRNA expression in rat
release from ARC/MEKig. 4A). In a similar way, the presence dorsal striatunj23].
of the COX-2 inhibitor Meloxicam, reduced glutamate-induced Glutamate is believed to elicit many of these effects by acti-
increase in SP-LI release from ARC/MEig. 4B). vating the release of the gaseous neurotransmitter, nitric oxide
The present study provides evidence supporting the hypoti{NO) [4]. NO is also involved in the release of neurotransmitters
esis that glutamate-induced release of SP-LI in the ARC/ME isuch as SIF39].
mediated via activation of NMDA and group | mGluR receptors. We studied the role of NO in the effect of glutamate on
However, the AMPA/KA receptors and group Il and Il mGIuR SP release in rat ARC/ME fragments, a hypothalamic struc-
receptors do not appear to contribute to SP-LI release. Thegdare known to contain a rich plexus of NOS-containing neurons
data are consistent with previous reports on the effect of NMDAand fibers together with densely arranged glutamate-receptor-
on spinal SP release in vivo and in vifth22]. Moreover in the  like immunoreactive fibers. We found that the stimulatory effect
spinal cord, the high affinity SP receptor (NK-1) internalizationof glutamate was not observed in the presence of NAME, an
studies suggest that activation of presynaptic NMDA receptorihibitor of NOS. These observations suggest that NO makes a
induces the release of SP from primary affer¢h€;25] major contribution to the response of the ARC/ME to glutamate.
Previous studies also suggest that glutamatergic transmission NO potently stimulates GnRH by activating a heme contain-
mediated by NMDA receptor serves as a tonic signal to stimuing enzyme, guanylate cyclase, which in turn leads to increased
late SP biosynthesis in the striatyB82] and that SP release in production of cGMP and GnRH release. There is evidence that
this area is selectively mediated by the NMDA recepfid]. some of the effects of glutamate on GnRH release may involve
Moreover, glutamate and SP colocalize in the suprachiasmatectivation of the nitric oxide and possibly catecholamifgds
nucleug31]. Previous findings provide anatomical evidence to  Glutamate plays a key role in important neuroendocrine
show that NK-1 is linked to glutamate neurons in the anteriorevents such as puberty, pulsatility, the midcycle surge of
medial hypothalamuf38]. gonadotropins and reproductive behai@y. However, much
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‘. e release induced by glutamate may contribute to glutamate effects
on LH secretion.

Over the last few years, experimental evidence has accumu-
£ 6l * lated to demonstrate that the stimulation of mGluRs induces
S the calcium-dependent production of arachidonic acid metabo-
o MR lites including PGE [3]. Recently, it was demonstrated that
é) 4 % prostaglandin release from astrocytes depends mainly on
= 1 % mGIuR-mediated [CH] oscillations [40]. Neuronal COX-2
g ] Y expression is upregulated following brain insults, via gluta-

21 % matergic and inflammatory mechanisms. Glutamate, NMDA
% and kainate increase COX-2 mRNA in cerebellar granule neu-
% rons[33]. The products of COX-2 are bioactive prostanoids and
0 e reactive oxygen species that contribute to toxicity associated
Control Name GLU GLUl+ mM + - .
(A) 0.5 mM I mM NAME 0.5 mM with inflammation.
During inflammation, a number of molecules, including
prostaglandins, bradykinin, substance P, glutamate and others,
101 are released into injury sif@7]. The cytotoxic effects of chronic
neuroinflammation may involve prostanoid synthesis and may
8 4 operate through NMDA receptof36]. NMDA receptors con-
§ tribute to evoked SP release in the setting of inflammation in
g 6 the dorsal horj2]. A recent study, suggests that SP-governed
g" 1 ] cascade leading to PGElevation is completely linked to the
2 et upstream event of NMDA receptor activatif8¥].
3 4] We found that the stimulatory effect of glutamate on SP
@ el release was blocked in the presence of meloxicam, an inhibitor
2] dere of COX-2, suggesting that prostaglandins are involved in the
e effect of glutamate in the ARC/ME. It is possible that gluta-
0 RO I - W s mate and SP are also involved in inflammatory processes in the
®) Comrol - Melov - GLU hypothalamus and that SP release might enhance the inflam-

matory response induced by glutamate, since SP released from

Fig. 4. A. NAME (0.5mM), a NOS inhibitor, blocked the.increase of the neurons following NMDA receptor activation plays a critical
glutamate-induced SP-LI release from ARC/ME. B Meloxicam (0.1 mM), a lei ti temi idati t

COX-2inhibitor, decreased the glutamate-induced SP-LI release from ARC/ME! O'€ 1N Promoting systemic oxidative stress. . .
Data were expressed as the mea®.E.M. of five determinations per group. In summary, our data show that glutamate induces an increase

™ p<0.001 vs. control group,p <0.01 vs. glutamate 1 mM. in SP release from ARC/ME by acting through NMDA and group
I mGIuR by a mechanism involving NO and prostaglandin pro-
work lies ahead to further characterize important mediators ofluction. Therefore, the release of SP in the ARC/ME appears to
glutamate signaling. be controlled by NMDA and group | mGIluR.
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pituitary is complex and involves several factors including SPAcknowledgments

[14,15] It has been demonstrated that SP enhances prolactin __ | i i
release by a direct action on the anterior pituitary. Dopamine, 1S work was funded by grants from the Consejo Nacional

the major prolactin inhibitory factor, decreases hypothalamid® Investigaciones Cieificas y Tecnicas (CONICET), and the
SP releasd17]. On the other hand, our results indicate thatUniversity of Buenos Aires, Argentina.
glutamate increases hypothalamic SP release. This action COLﬁjeferences
leadto anincrease in prolactin, reinforcing the stimulatory action
of glutamate on this hormone. On the other hand, SP and othefi] A w. Afrah, H. Gustafsson, L. Olgart, E. Brodin, C.-O. Stiller, B.K.
tachykinins exert aninhibitory action on LH secretion atthelevel  Taylor, Capsaicin-evoked substance P release en rat dorsal horn increases
of the hypothalamus but induce excitatory effects at the anterior after peripheral inflammation: a microdialysis study, Neurosci. Lett. 368
pituitary level[8]. The effect of these peptides may be exerted at __ (2004) 226-230. .
different levels. on cell bodies of GNRH neurons in the breoptic [2] A. Afrah, C.-O. Stiller, L. Olgart, E. Brodin, H. Gustafsson, Involvement

’ : : . . _p . p of spinal N-methyl-p-aspartate receptors in capsaicin-induced in vivo
area, on herve te_rm|nf'_>‘|5 in the median eminence or indirectly  release of substance P in the rat dorsal horn, Neurosci. Lett. 316 (2001)
through modifications in other neurotransmitter systems. Also, 83-86.
the activation of different receptor subtypes may induce different[3] P. Bezzi, G. Carmignoto, L. Pasti, S. Vesce, D. Rossi, B.L. Rizzini, T.
responses of tachykinins on LH secret[ﬁﬂl Pozzan, A. Volterra, Prostaglandins stimulate calcium-dependent gluta-

Sin lutamate has been shown to bl nimportant role i mate release in astrocytes, Nature 391 (1998) 281-285.
ce glutamate has been sho Oplaya portantrole 4] D. Bredt, S.H. Snyder, Nitric oxide mediates glutamate-linked enhance-

the regulation of pulsatile gonadotropin release and preovmatory ment of cGMP levels in the cerebellum, Proc. Natl. Acad. Sci. U.S.A.
and steroid-induced gonadotropin surf#sthe increase of SP 86 (1989) 9030-9033.



64 C. Caruso et al. / Neuroscience Letters 393 (2006) 60—64

[5] P.J. Conn, J.P. Pin, Pharmacology and functions of metabotropic gluta- proenkephalin mMRNA expression in rat dorsal striatum, Synapse 39
mate receptors, Annu. Rev. Pharmacol. Toxicol. 37 (1997) 205-237. (2001) 82-94.

[6] L. Debeljuk, R. Bandera, A. Bartke, Effect of a non-peptide NK-2 [24] J. Marksteiner, G. Sperk, J.E. Krause, Distribution of neurons express-
tachykinin receptor antagonist on LH, FSH, and prolactin release by ing neurokinin B in the rat brain: immunohistochemistry and in situ
rat hemipituitaries in vitro, J. Physiol. Pharmacol. 48 (1997) 461-478. hybridization, J. Comp. Neurol. 317 (1992) 341-356.

[7] L. Debeljuk, A. Bartke, Immunoreactive substance P and neurokinin A[25] J.C. Marvidn, V. Marfnez, E. Grady, N. Bunnett, E. Mayer, Neurokinin
in the hypothalamus and anterior pituitary gland of Siberian and Syrian 1 receptor internalization in spinal cord slices induced by dorsal root

hamsters and rats, J. Reprod. Fertil. 101 (1994) 427-434. stimulation is mediated by NMDA receptors, J. Neurosci. 17 (1997)
[8] L. Debeljuk, M. Lasaga, Modulation of the hypothalamo—pituitary— 8129-8136.

gonadal axis and the pineal gland by neurokinin A, neuropeptide K[26] R.B. Meeker, R.S. Greenwood, J.N. Haywward, Glutamate receptors in

and neuropeptidg, Peptides 20 (1999) 285-299. the rat hypothalamus and pituitary, Endocrinology 134 (1994) 621-629.

[9] K. Dhandapani, D. Brann, The role of glutamate and nitric oxide in [27] M. Otsuka, K. Yoshioka, Neurotransmitter functions of mammalian
the reproductive neuroendocrine system, Biochem. Cell Biol. 78 (2000) tachykinins, Physiol. Rev. 73 (1993) 229-308.

165-179. [28] M. Pampillo, M. Diaz, B.H. Duvilanski, V. Rettori, A. Seilicovich, M.
[10] R. Dingledine, K. Borges, D. Bowie, S. Traynelis, The glutamate recep- Lasaga, Differential effects of glutamate agonists andspartate on
tor ion channels, Pharmacol. Rev. 51 (1999) 7-61. oxytocin release from hypothalamus and posterior pituitary of male rats,

[11] P. Duval, V. Lenoir, B. Kerdelhue, The in vitro effect of substance P Endocrine 15 (2001) 309-315.
on the GnRH-induced LH release depends on the steroidal environmeffi29] D.D. Schoepp, Unveiling the functions of presynaptic metabotropic glu-
and is reverted by a NK1 receptor antagonist (RP 67580) in the cycling  tamate receptors in the central nervous system, J. Pharmacol. Exp. Ther.
female rat, Neuropeptides 32 (1998) 97-101. 299 (2001) 12-20.

[12] B. Duvilanski, M. Lasaga, A. Seilicovich, S. Afione, M.i&x, L. [30] C. Severini, M. Ciotti, D. Mercanti, C. Barbato, P. Calissano, A
Debeljuk, Vasoactive intestinal peptide affects the GABAergic system tachykinin-like factor increases glutamate toxicity in rat cerebellar gran-
in the hypothalamic—pituitary axis, Brain Res. Bull. 25 (1990) 215-219. ulle cells, Neuropharmacology 44 (2003) 117-124.

[13] A.l. Esquifino, A. Arce, L. Debeljuk, A. Bartke, Effects of immunoneu- [31] T. Shirakawa, R.Y. Moore, Responses of rat suprachiasmatic nucleus
tralization of substance P on hypothalamic neurotransmitters in normal  neurons to substance P and glutamate in vitro, Brain Res. 642 (1994)
mice and in transgenic mice expressing bovine growth hormone, Proc.  213-220.

Soc. Exp. Biol. Med. 218 (1998) 68-75. [32] D.L. Somers, R.M. Beckstead/-methyl-b-aspartate receptor antagnon-
[14] M. Freeman, The physiology of reproduction, The Neuroendocrine Con- ism alters substance P and met5-enkephalin biosynthesis in neurons of

trol of the Ovarian Cycle in The Rat, vol. 2, Raven Press, New York, the rat striatum, J. Pharmacol. Exp. Ther. 262 (1992) 823-833.

1994, p. 613 (Chapter 46). [33] K.I. Strauss, A.M. Marini, Cyclooxygenase-2 inhibition protects cul-
[15] M. Freeman, B. Kanyscka, A. Lerant, G. Nagy, Prolactin: structure, tures cerebellar granule neurons from glutamate-mediated cell death, J.

function, and regulation of secretion, Physiol. Rev. 80 (2000) 1523— Neurotrauma. 19 (2002) 627-638.

1631. [34] M.I. Tejero-Taldo, J.J. Chmielinska, G. Gonzalez, I.T. Mak, W.B.

[16] S. Garzide, M.F. Mazurek, Role of glutamate receptor subtypes in the = Weglicki, NMDA receptor blockade inhibits cardiac inflammation in
differential release of somatostatin, neuropeptide Y, and substance P the Mg-deficient rat, J. Pharmacol. Exp. Ther. 311 (2004) 8-13.
in primary serum-free cultures of striatal neurons, Synapse 27 (1997]35] Y. Tsuruo, H. Kawano, S. Hisano, Y. Kagotani, S. Daikoku, T. Zhang,
161-167. N. Yanaihara, Substance P-containing neurons innervating LHRH-

[17] E. Isovich, M. Diaz, M. Lasaga, D. Pisera, C. Zambruno, M. Theas, containing neurons in the septo-preoptic area of rats, Neuroendocrinol-
A. Seilicovich, B. Duvilanski, Involvement of hypothalamic substance ogy 53 (1991) 236-245.

P in the effect of prolactin on dopamine release, NeuroReport 5 (1994)36] L.B. Willard, B. Hauss-Wegrzyniak, W. Danysz, G.L. Wenk, The cito-
1752-1754. toxicity of chronic neuroinflammation upon basal forebrain cholin-

[18] D.S. Jessop, H.S. Chowdrey, S. Biswas, S.L. Lightman, Substance P and ergic neurons of rats can be attenuated by glutamatergic antago-
substance K in the rat hypothalamus following monosodium glutamate nism or cyclooxygenase-2 inhibition, Exp. Brain Res. 134 (2000) 58—
lesions of the arcuate nucleus, Neuropeptides 18 (1991) 165-170. 65.

[19] H. Liu, P.W. Mantyh, A.Il. Basbaum, NMDA-receptor regulation of sub- [37] D. Yang, R.W. Gereau |V, Peripheral group Il metabotropic glutamate
stance P release from primary afferent nociceptors, Nature 386 (1997) receptors (mGIuR2/3) regulate prostaglandin E2-mediated sensitization
721-724. of capsaicin responses and thermal nociception, J. Neurosci. 22 (2002)

[20] A. Ljungdahl, T. Hokfelt, G. Nilsson, Distribution of substance P-like 6388-6393.
immunoreactivity in the central nervous system of the rat. I. Cell bodies[38] R. Yao, P. Rameshwar, R.J. Donnelly, A. Siegel, Neurokinin-1 expression
and nerve terminals, Neuroscience 3 (1978) 861-943. and co-localization with glutamate and GABA in the hypothalamus of

[21] R. Magoul, B. Onteniente, W. Benjelloun, G. Tramu, Tachykinergic the cat, Brain Res. Mol Brain Res. 71 (1999) 149-158.
afferents to the rat arcuate nucleus. A combined immunohistochemicdB9] N. Yonehara, M. Yoshimura, Effect of nitric oxide on substance P release
retrograde tracing study, Peptides 14 (1993) 275-286. from the peripheral endings of primary afferent neurons, Neurosci. Lett.

[22] M. Malcangio, K. Fernandes, D.R. Tomlinson, NMDA receptor activa- 271 (1999) 199-201.
tion modulates evoked release of substance P from rat spinal cord, Bf40] M. Zonta, A. Sebelin, S. Gobbo, T. Fellin, T. Pozzan, G. Carmignoto,
J. Pharmacol. 125 (1998) 1625-1626. Glutamate-mediated cytosolic calcium oscillations regulate a pulsatile

[23] L. Mao, J.Q. Wang, Selective activation of group | metabotropic glu- prostaglandin release from cultured rat astrocytes, J. Physiol. 553 (2003)
tamate receptors upregulates preprodynorphin, substance P, and pre- 407-414.



	NMDA and group I metabotropic glutamate receptors activation modulates substance P release from the arcuate nucleus and median eminence
	Acknowledgments
	References


