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Abstract

We have previously reported that endothelin 1 and 3 (ET-1, ET-3) through thad€Eptor decrease norepinephrine release in the
anterior hypothalamus and activate the nitric oxide (NO) pathway. In the present work we sought to establish the receptors and intracellular
mechanisms underlying the increase in nitric oxide synthase (NOS) activity stimulated by ET-1 and ET-3 in the rat anterior hypothalamus.
Results showed that ETs-stimulated NOS activity was inhibited by a selectiveaBffigonist (BQ-788), but not by a selective ET
antagonist (BQ-610). In addition, NOS activity was not altered in the presence of aadgohist (sarafotoxin 6b), but it was enhanced
in the presence of a EgTagonist (IRL-1620). BotiN®-nitro-L-arginine methyl ester (NOS inhibitor), and 7-nitroindazole (neuronal NOS
inhibitor) diminished ETs-stimulated NOS activity. The stimulatory effect of ETs on NOS activity was inhibited in the presence of PLC,
PKC, PKA and CaMK-II inhibitors (U-73122, GF-109203X, H-89 and KN-62, respectively), and theetleptor selective antagonist,
2-APB. Our results showed that both ET-1 and ET-3 modulate neuronal NOS activity through ghee&ptor in the rat anterior
hypothalamus involving the participation of the PLC-PKG/ffathway as well as PKA and CaMK-II.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction biology and binding studies failed to described it in mam-
malian tissues. ETs are involved in the regulation of car-
Endothelins (ETs) are a family of potent vasoactive pep- diovascular function as well as water and salt homeostasis
tides of 21 amino acids. Three isoforms of ETs have been[9,19,26]
described, ET-1, ET-2 and ET-3 that exert different bi-  Nitric oxide (NO) is synthesized from-arginine by the
ological effects mainly in an autocrine/paracrine manner homodimer nitric oxide synthase (NORR]. One inducible
[5,28]. Molecular cloning techniques revealed the existence and two constitutive isoforms of the enzyme have been de-
of two receptor subtypes, iTand ETg, widely distributed scribed[1,33]. The constitutive isoforms are calcium depen-
in mammalian tissueks,28,29] ETa displays higher affin-  dent and expressed in endothelial cells (eNOS or NOS 3) as
ity for ET-1 than for ET-2 and ET-3 whereas gbinds well as in neurons (NNOS or NOS 1) whereas the inducible

the three isoforms with similar affinity,28,29] A third isoform (iNOS or NOS 2) is expressed in various cell types
receptor subtype, termed EThat displays higher affinity — and can be activated by IL@land TNF [1,33]. The regu-
for ET-3 was cloned fronXenopus laevisocytes[12]. Al- lation of NOS is complex and involves several mechanisms

though functional studies support its existence, molecular mediated by kinases, €& and NO level§10,11,14] Sec-
ond messenger dependent kinases (PKA, PKC and PKG) as
"+ Corresponding author. Tekt54-11-4964-8280x310: yvell as CaMK-II have been. shown_ to regulat_e NOS activ-
fax: +54-11-4508-3645/4791-9617. ity by inducing phosphorylation of different serine/threonine
E-mail addressmvatta@ffyb.uba.ar (M.S. Vatta). residues[10,11,14] In addition, variations in intracellular
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calcium levels regulate NOS by inducing conformational 5% CQ) standard Krebs solution supplemented with MEM

changes of the enzynj&0,11] amino acid solution and basal medium Eagle vitamin so-
In the central nervous system (CNS), the anterior hypotha- lution (KSS). Tissues were then incubated for 5min in the

lamus is an important sympathoinhibitory area closely re- absence (control) or in the presence of ETs and/or the dif-

lated to blood pressure regulation that expresses high levelderent inhibitors: ET-1 and ET-3 (10 nM), 100nM BQ-610

of ETs and ETs receptofd9,20,31] We have previously

(ETa receptor antagonist), 100 nM BQ-788 (& Teceptor

reported that both ET-1 and ET-3 diminish norepinephrine antagonist), 300 nM SRTX 6b (ExTreceptor agonist), LM

(NE) release in the rat anterior hypothalamus through a ni-
tric oxide (NO) pathway6]. On the other hand, high levels
of NO are found in neurons where this free radical plays a
role in the regulation of neuronal activity by stimulating sol-
uble guanylyl cyclase and increasing cGMP formaf{i@ai.
Based upon our previous findings showing that the NO

pathway mediated the effect of ETs on neuronal NE release

in the anterior hypothalamus, the aim of the present study

was to determine the receptors and the underlying mecha-

nisms promoting the activation of the NO pathway in such

process. For this purpose we investigated the ET receptors

and the NOS isoform involved as well as different kinases
known to participate in the regulation of the enzyme.

2. Materials and methods
2.1. Animals and chemicals

Male Sprague—Dawley rats (from Facultad de Farmacia
y Bioguimica, Universidad de Buenos Aires, Argentina)
weighing 250-300 g were used in the experiments.

The following drugs were usedL-[2,3-H]arginine
(53.4 Ci/mmol of specific activity, New England Nu-
clear); ET-1, ET-3, BQ-610, and BQ-788 (Peninsula Lab);
N®-nitro-L-arginine methyl ester {NAME), L-arginine,
B-NADPH, Citrulline, U-73122 (Sigma Chemical, St.
Louis, MO, USA); Dowex-AG50W-X28 resin (sodium
form, 200-400 mesh, Bio Rad Lab); Dithiothreitol (DTT),
KN-62, H-89, GF-109203X, tetrahydrobiopterin fBl),
minimum essential media (MEM) amino acid solution and
basal medium Eagle vitamin solution (ICN Biomedicals
Inc., OH, USA). 7-Nitroindazole (7-NI), 2-APB, sarafo-
toxin 6b (SRTX 6b) and IRL-1620 (Calbiochem, La Jolla,
CA, USA). Other reagents were of analytical purity and
obtained from standard sources. All drugs were dissolved
in Krebs solution, except for 2-APB, H-89, GF-109203X
and U-73122 that were dissolved in DMSO, IRL-1620
dissolved in 2.5% NREOH and SRTX 6b dissolved in 5%
acetic acid. These vehicles did not affect NOS activity and

ET-1 and ET-3 responses were sustained in the presence of

DMSO, NHsOH and acetic acid (data not shown).

2.2. Experimental protocol

Animals were decapitated, brains quickly removed and
anterior hypothalami (14 + 0.9 mg) dissected under a
magnifying glasg21]. Anterior hypothalami were preincu-
bated at 37C for 30 min in gassed (carbogen, 95% &nd

IRL-1620 (ETg receptor agonist), 20M KN-62 (CaMK-II
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Fig. 1. Effects of E’R selective antagonist BQ-610 (100 nM) and ofggT
selective antagonist BQ-788 (100 nM) on NOS activity increase induced by
10nM ET-1 (A) and 10 nM ET-3 (B), in rat anterior hypothalamus. Effects
of ETa selective agonist 300 nM SRTX 6b and of gFelective agonist
1M IRL-1620 (C) on NOS basal activity, in rat anterior hypothalamus.
Values are expressed as me&®E.M. Number of experiments: = 5-7.

*P < 0.001, *P < 0.01, **P < 0.05 vs. control;*P < 0.001 vs.
BQ-610; TP < 0.001 vs. ET-1;¥P < 0,05 vs. ET-3.
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inhibitor), 10uM L-NAME (NOS inhibitor), 10uM 7-NI determined by usual scintillation counting methods. NOS
(nNOS inhibitor) [2,8,35] 500nM H-89 (PKA inhibitor), activity was expressed as pméH]citrulline formed/mg of
100nM GF-109203X (PKC inhibitor), 1M U-73122 protein/min+ S.E.M.

(PLC inhibitor), 42uM 2-APB (IP3 receptor antagonist).

Reaction was stopped by three consecutive washes of 5mim 4. Statistical analysis

each with KSS at 4C. Inhibitors were added in the last

5 min of the preincubation and during the incubation. All values are expressed as the mears.E.M. Differ-
o ences among groups were statistically assessed by ANOVA
2.3. NOS activity assay followed by thet-test modified by Bonferroni (Graph Pad,

San Diego, CA). In all case®, values of 0.05 or less were
NOS activity was measured according to Tsuchiya et al. considered statistically significant.

[30], with modifications. Briefly, tissues were quickly ho-
mogenized in 20mM HEPES buffer (pH 7.4) and then
centrifuged at 10,006 g for 10 min at 4C. One aliquot 3. Results
of the supernatant was saved for protein assay, whereas
another aliquot was incubated at 37 for 10 min in the Our previous findings showed that ET-1 and ET-3 increase
reaction buffer [JuM r-Arg, 20nM 1-[2,3*HJarginine,  NOS activity in the rat anterior hypothalam[§]. In order
20mM EDTA, 1mM DTT, 1 mMB-NADPH, 10uM H4B, to determine the ET receptor subtype involved, experiments
20mM HEPES and 1.25mM Caf}l Reaction was stopped  were carried out in the presence of selective antagonists
by lowering the temperature to’€, and samples were then  and agonists of E{ and ETs receptors. Blockade of the
loaded onto 1-ml columns containing Dowex-AG50W-X28 ET, receptor subtype with BQ-610 affected neither basal
resin, pre-equilibrated with 200mM citrulline. Columns nor ET-1 or ET-3-evoked NOS activityrig. 1A and B.
were eluted with distilled water, 2-ml fractions containing However, EE receptor blockade with BQ-788 prevented the
the PH]citrulline were collected, and radioactivity was increase in NOS activity induced by ET-1 and ET-3 without
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Fig. 2. Effects of NOS inhibitor 10.M L-NAME (A) and of nNOS-specific Fig. 3. Effects of CaMK-II (A) and PKA (B) inhibitors (20M KN-62
inhibitor 10uM 7-NI (B) on NOS activity induced by 10nM ET-1 and and 500 nM H-89, respectively) on NOS activity induced by 10nM ET-1
10nM ET-3, in rat anterior hypothalamus. Values are meai$sE.M. and 10 nM ET-3, in rat anterior hypothalamus. Values are me&is.M.
Number of experiments: = 5-7.*P < 0.001, ** P < 0.01 vs. control. Number of experiments: = 5-7.*P < 0.001, ** P < 0.01 vs. control.
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affecting the basal activity of the enzymigig. 1A and B.
In order to confirm the participation of the ETFeceptor in
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10uM 7-NI (specific inhibitor of nNOS isoform). Both in-
hibitors prevented the increase in NOS activity induced ei-

NOS activation, we investigated the effect of selective ETs ther by ET-1 or ET-3Fig. 2A and B.

receptor agonists. The specific £Bgonist, SRTX 6b, did
not modify NOS activity whereas the selectiveg=dgonist,
IRL-1620, increased itRig 1C).

With the aim to identify the NOS isoform involved, ET-1
and ET-3 effect on NOS activity was studied in the pres-
ence of 1QuM L-NAME (non-specific inhibitor of NOS) or
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Fig. 4. Effects of PLC (A), IB-induced C&" release (B) and PKC (C)
inhibitors (10pM U-73122, 420M 2-APB and 100nM GF-109203X,
respectively) on NOS activity induced by 10nM ET-1 and 10nM ET-3,
in rat anterior hypothalamus. Values are meanS.E.M. Number of
experimentsn = 6-8.* P < 0.001, ** P < 0.01 vs. control.

The regulation of NOS activity is mediated by several ki-
nases such as CaMK-II, PKA and PKC. In order to investi-
gate the participation of these kinases, we studied the effects
of both ETs on NOS activity in the presence of specific in-
hibitors of CaMK-II (20uM KN-62), PKA (500 nM H-89)
or PKC (100 nM GF-109203X). Results showed that KN-62,
H-89 and GF-109203X did not affect basal NOS activity but
they all prevented the increase induced by ET-1 and ET-3
(Fig. 3A—Q). In addition, The inhibition of PLC by 10QM
U-73122 or the blockade of Psensitive stores by 42M
2-APB did not affect basal nNOS activity but prevented the
activation of the enzyme evoked by ET-1 and ETF8)( 4A
and B.

4. Discussions

We have previously reported that in the anterior hypotha-
lamus ET-1 and ET-3 diminish neuronal NE release through
a NO pathway6]. In the present work we studied the re-
ceptors and intracellular mechanisms involved in the stim-
ulation of NOS activity by ET-1 and ET-3 in the anterior
hypothalamus.

The major findings of the present work was that both,
ET-1 and ET-3, increased NOS activity by stimulating the
neuronal isoform through activation of the gTeceptor
subtype coupled to multiple signaling pathways.

The presence of ETs and their receptors in different re-
gions and areas of the CNS including the hypothalamus have
been determined by autoradiography, immunocytochemistry
andin situ hybridizationstudieg[19,20,29,31] The ETs re-
ceptor is distributed in both neuronal and glial cells and
participates in central as well as peripheral mechanisms re-
lated to blood pressure loweririg,15,19,20,29,31]Thus,
the ETg receptor is coupled to NO and prostacyclin produc-
tion in several cell type#s].

As the regulation of NOS activity involves the participa-
tion of C&+ and several kinases, we also investigated the
intracellular pathways that might be involved in NOS activa-
tion by ET-1 and ET-3. Different kinases, such as CaMKs,
participate in the regulation of NNOS activity by phosphory-
lating its serine/threonine residug®,11,14] CaMK-Il was
shown to be the most effective in changing Kig andVpmax
of the enzymg10]. The results obtained in the present work
show that CaMK-Il is involved in the regulation of NNOS
activity produced by ET-1 and ET-3. In accordance with
our results Rodriguez-Alvarez et §25] demonstrated that
in striatal neurons, the stimulation of NO synthesis induced
by NMDA activation is also inhibited by KN-62, supporting
the view that CaMK-II activation is relevant for NOS stimu-
lation. However, discrepancies arise in NG108-15 neuronal
cells where the phosphorylation of nNOS by CaMK-II re-
sults in diminished enzymatic activifiL3]. Nevertheless it
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should be considered that observations made in tumoral cellof diverse physiological processes controlled by the CNS
lines may not always match those made in normal tissues asncluding those regulated by the hypothalanilg,32,33]
striatal neurons or hypothalamic slices, probably due to the ETs receptors are coupled to different G-proteins and may
characteristics of immortal cells cultures. nNOS is also stim- activate multiple signaling pathway simultaneously in one
ulated following the activation of neurotransmitter receptors cell [17,27] ETs receptor subtypes belong to the family of

linked to the regulation of intracellular €a [11]. Recep- C&*-mobilizing receptors coupled to PLC activation that
tors coupled to ion channels, as the NMDA receptor, acti- leads to DAG-PKC and WP formation [4,28,29] Further-
vate guanylyl cyclase by increasing intracellularr€47]. more, in studies using rat cerebral slices and immortalized

Later, this process was shown to be mediated by NO synthe-Schwann cells, ET-1 enhances cAMP levels througlg ET

sis[3]. Other kinases, such as PKC and PKA, also regulate subtype receptd23,34]. All these intracellular mechanisms

nNOS by phosphorylatiofi1,14] Our results showed that are also involved in the regulation of nNOS activity.

both kinases, PKC and PKA, participate in the increase of In conclusion, present results suggest that in the rat ante-

nNOS activity induced by ET-1 and ET-3. rior hypothalamus ET-1 and ET-3 activate thegg€ceptor
Another mechanism involved in the regulation of NOS subtype coupled to different G-proteins and increase nNOS

activity is the physiological changes in intracellular calcium activity through several kinases such as CaMK-Il, PKC and

in response to the phosphoinositide pathway activdtidh PKA. Both, previous[6] and present findings support the

PLC activation induces phosphoinositide hydrolysis leading participation of ET-1 and ET-3 in the regulation of diverse

to the formation of I8 and DAG. In turn, IB increases in- biological processes controlled by the anterior hypothala-

tracellular C&" by releasing it from IB-sensitive stores of ~ mus through the activation of [gTreceptors coupled to the

the endoplasmic reticulum, whereas DAG activates PKC that NO pathway.

phosphorylates different substrates including nNQ$].

These findings show that the activation of nNOS by ET-1

and ET-3 is dependent upon the activation of the PLC path- acknowledgments

way that leads to G4 release from IR sensitive stores.

The activation of this intracellular signaling pathway also  This work was supported by grants from Universidad de

induces PKC activation that is another kinase involved in g ,enos Aires (UBACyT: B601), Consejo Nacional de Inves-

nNOS regulation. _ _ ~ tigaciones Cienficas y Técnicas (CONICET, PIP 02528),
Several studies reported that various hypothalamic regions; 4 |nternational Society for Neurochemistry, Committee

and nuclei containing different neurotransmitters participate o, aAid and Education in Neurochemistry (ISN—CAEN)
in the regulation of various biological processes such as ayarqd.

the cardiovascular activiti20]. The anterior hypothalamus
plays an important role in arterial pressure regulation as a
sympathoinhibitory aref0]. In accordance, we have pre-
viously reported that ET-1 and ET-3 diminish neuronal NE
release in the anterior hypothalamus through thg EECep- [1] Alderton WK, Cooper CE, Knowles RG. Nitric oxide synthases:
tor subtype coupled to the NO-cGMP-PKG pathways result- structure, function and inhibition. Biochem J 2001;357:593-615.

ing in decreased sympathoinhibitory response of this area (2] garnes RD, Ward LE, Frank KP, Tyce GM, Hunter LW, Rorie DK.
[6]. In agreement with our results, several studies showed a  Nitric oxide modulates evoked catecholamine release from canine
relationship between Egl'receptor activation and NO for- adrenal medulla. Neuroscience 2001;104:1165-73.

mation. Thus, Yamada et §B6], demonstrated that the in- [3] Bredt DS, Snyder SH. Nitri(_: oxide mediates glutamate-linked.
crease in NO formation induced by the activation of thg ET E”Sh:”fgegnazrz;_’ggg_“gg levels in the cerebellum. Proc Natl Acad Sci
.reclept.or C.OUId b,e involved in the_ET-induce.d.pregangllionic [4] D’Orleans-’Juste P, Labonte J, Bkaily G, Choufoni S, Plante M,
inhibition in canine stellate ganglion. In addition, Mathison Honore JC. Function of endotheginreceptor in cardiovascular
and Israel18], reported that ET-1 and ET-3 activated =T physiology and pathophysiology. Pharmacol Ther 2000;95:221-38.
receptor stimulating NO/cGMP pathways in the rat median [5] Davenport AP. International Union of Pharmacology. XXIX. Update
eminence. All of these findings support the role of NO as on endothelin receptor nomenclature. Pharmacol Rev 2002;54:219—

. . 26.
a neuronal messenger in both the CNS and the perlpheral [6] di Nunzio AS, Jaureguiberry MS, Rodano V, Bianciotti LG, Vatta
nervous system.

MS. Endothelin 1 and 3 diminish neuronal norepinephrine release

References

NOS is widely distributed in the hypothalamus as well through a nitric oxide mechanism in rat anterior hypothalamus. Am
as other regions and areas of the CN$,24] NOS co- J Physiol Regul Integr Comp Physiol 2002;283:R615-22.
exists with different neurotransmitters and neuromodu- [7] Garthwaite J, Balazs R. Supersensitivity to the cyclic GMP response
lators in neurons and inaI C€||E.6,24]. Various studies to glutamate during cerebellar maturation. Nature 1978;275:328-9.

; ; ; _[8] Gocan NC, Scott JA, Tyml K. Nitric oxide produced via neuronal
show that NOS is found with tyrosine hydroxylase’ acetyl NOS may impair vasodilatation in septic rat skeletal muscle. Am J

cholinesterase, angiotensin, NE as well as hormones like  pp, gl Heart Circ Physiol 2000;278:H1480-9.

oxytocin and vasopressifi6,24,30,32] A great body of [9] Goraca A. New views on the role of endothelin. Endocr Regul
evidence supports a relevant role for NO in the regulation 2002;36:161-7.



1138 M.S. Jaureguiberry et al./Peptides 25 (2004) 1133-1138

[10] Hayashi Y, Nishio M, Naito Y, Yokokura H, Nimura Y, Hidaka H, [24] Rodrigo J, Springall DR, Uttenthal O, Ventura ML, AbaeMolina

et al. Regulation of neuronal nitric-oxide synthase by calmodulin F, Riveros-Moreno V, et al. Localization of nitric oxide synthase in

kinases. J Biol Chem 1999;274:20597-602. the adult rat brain. Phil Trans R Soc Lond B 1994;345:175-221.
[11] Hu J, El-Fakahany EE. Intricate regulation of nitric oxide synthesis [25] Rodriguez-Alvarez J, Lefon-Cazal M, Bockaert J. The CaM-kinase

in neurons. Cell Signal 1996;8:185-9. Il inhibitor KN-62 blocks NMDA but not kainate stimulation of ON
[12] Karne S, Jayawickreme C, Lerner MR. Cloning and characterization synthesis. Neuroreport 1996;7:2525-8.

of an endothelin-3 specific receptor (ETC receptor) fr¥enopus [26] Rubanyi GM. Endothelin in cardiovascular homeostasis. In: Laragh

laevis dermal melanophores. J Biol Chem 1993;268:19126-33. JH, Brener BM, editors. Hypertension: pathophysiology, diagnosis
[13] Komeima K, Hayashi Y, Naito Y, Watanabe Y. Inhibition of neuronal and management. New York: Raven Press; 1995. p. 1109-29.

nitric oxide synthase by calcium/calmodulin dependent protein kinase [27] Shraga-Levine Z, Sokolovsky M. Functional coupling of G proteins

lla through Set*” phospholylation in NG108-15 neuronal cells. J to endothelin receptors is ligand and receptor subtype specific. Cell

Biol Chem 2000;275:28139-43. Mol Neurobiol 2000;20:305-17.
[14] Kone BC. Molecular biology of natriuretic peptides and nitric oxide [28] Sokolovsky M. Endothelin receptor subtypes and their role in

synthases. Cardiovasc Res 2001;51:429-41. transmembrane signaling mechanisms. Pharmacol Ther 1995;68:435—
[15] Koyama Y, Takemura M, Fijiki K, Ishikawa N, Shiganaga Y, Baba A. 71.

BQ788, an endothelin Eslreceptor antagonist attenuates stab wound [29] Stojilkovic SS, Catt KJ. Expression and signal transduction

injury-induced reactive astrocytes in rat brain. Glia 1999;26:268—71. pathways of endothelin receptors in neuroendocrine cells. Front
[16] Krukoff TL. Central actions of nitric oxide in regulation of autonomic Neuroendocrinol 1996;17:327-69.

functions. Brain Res Rev 1999;30:52-65. [30] Tsuchiya T, Kishimoto J, Koyama J, Ozawa T. Modulatory effect
[17] Kuwaki T, Kurihara H, Cao WH, Kurihara Y, Unekawa M, Yazaki of L-NAME, a specific nitric oxide synthase (NOS) inhibitor,

Y, et al. Physiological role of brain endothelin in the central on stress-induced changes in plasma adrenocorticotrophic hormone

autonomic control: from neuron to knockout mouse. Prog Neurobiol (ACTH) and corticosterone levels in rats: physiological significance

1997;51:545-79. of stress-induced NOS activation in hypothalamic—pituitary—adrenal
[18] Mathison Y, Israel A. Role of endothelin type B receptor in axis. Brain Res 1997;776:68-74.

NO/cGMP signaling pathway in rat median eminence. Cell Mol [31] Ueta Y, Levy A, Chowdrey HS, Lightman SL. Hypothalamic nitric

Neurobiol 2002;22:783-95. oxide synthase gene expression is regulated by thyroid hormones.

[19] Mortensen LH. Endothelin and the central and peripheral nervous Endocrinology 1995;136:4182—7.
systems: a decade of endothelin research. Clin Exp Pharmacol Physiol[32] Van den Buuse M, Webber KM. Endothelin and dopamine release.

1999;26:980-4. Prog Neurobiol 2000;60:385—-405.

[20] Oparil S, Chen YF, Berecek KH, Calboun DA, Wyss JM. The [33] Vanhatalo S, Soinila S. Nitric oxide synthase in the
role of the central nervous system in hypertension. In: Laragh JH, hypothalamo-pituitary pathways. J Chem Neuroanat 1995;8:165-73.
Brener BM, editors. Hypertension: pathophysiology, diagnosis and [34] Wiesinger H. Arginine metabolism and the synthesis of nitric oxide
management. New York: Raven Press; 1995. p. 713-40. in the nervous system. Prog Neurobiol 2001;64:365-91.

[21] Palkovits M, Brownstein MJ. Maps and guide to microdissection of [35] Wilkins PL, Suchovsky D, Berti-Mattera LN. Immortalized Schwann
the rat brain. New York, Amsterdam, London: Elsevier; 1988. cells express endothelin receptors coupled to adenylyl cyclase and

[22] Palmer RMJ, Ashton DS, Moncada S. Vascular endothelial cells phospholipase C. Neurochem Res 1997;22:409-18.
synthesize nitric oxide from-arginine. Nature 1988;333:664—6. [36] Yamada K, Kushiku K, Yamada H, Katsuragi T, Furukawa T,

[23] Pérez-Alvarez MJ, Calcerrada MC, Hernandez F, Catalan RE, Noguchi H, et al. Contribution of nitric oxide to the presynaptic
Martinez AM. Endothelin-1 increases isoprenaline-enhanced cyclic inhibition by endothelin E§ receptor of the canine stellate ganglionic

AMP levels in cerebral cortex. Regul Pept 2000;88:41-6. transmission. J Pharmacol Exp Ther 1999;290:1175-81.



	Endothelin 1 and 3 enhance neuronal nitric oxide synthase activity through ETB receptors involving multiple signaling pathways in the rat anterior hypothalamus
	Introduction
	Materials and methods
	Animals and chemicals
	Experimental protocol
	NOS activity assay
	Statistical analysis

	Results
	Discussions
	Acknowledgements
	References


