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Abstract
Afferent renal nerves stimulate vasopressin (VP) secretion by activation of VPergic neurons of supraoptic (SON)
and paraventricular nuclei (PVN). Therefore, intrarenal infusion of bradykinin (BK), which excites afferent renal
nerves, increases VP release. However, BK is also a potent intrarenal vasodilatator hence BK may modulate VP
secretion not only by stimulating its release via afferent renal nerves, but also inhibiting its renal effects as intrarenal
vasodilator via a paracrine control. Furthermore, BK impaires the mechanism of phosphorilation that induces the
traslocation of aquaporin 2 containing vesicles to the apical plasma membrane thus inhibiting the osmotic water
permeability of the collecting duct cells induced by VP via its V2 receptor, a Gs protein-coupled receptor. In addition,
BKB2 receptor knockout mice exhibit decreased urine volume and increased urine osmolality following water
deprivation.
Oxytocin (OT) increases urine output and sodium excretion in rats. Icatibant, a BKB2 antagonist, suppresses
these effects showing that BK mediates diuresis and natriuresis induced by OT.
Infusion of OT down-regulates myometrial OT and BK receptors indicating the existence of a common final
pathway of OT and BK in the contractile responsiveness of uterine myometrial cells. The frequency of uterine
contractions induced by OT and BK are stimulated by nitric oxide via prostaglandins release.
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Introduction
Bradykinin (BK) is a peptide of the kinin group of proteins with
potent endothelium-dependent vasodilator activity via the release of
prostacyclin, nitric oxide and endothelium-derived hyperpolarizing
factor.
The BK receptors are a group of G-protein-coupled receptors
(GPCRs). Two BK receptors have been reported: the B1 and B2 receptor.
They stimulate phospholipase C to increase intracellular calcium ion
concentration and mitogen-activated protein kinase pathways.
BK also causes natriuresis, modulating the mechanism of VP action
at the renal level, as well as contraction in rat uterus via the same signal
pathway of OT.
The neurohypophyseal hormones VP and OT are synthesized by
magnocellular neurosecretory neurons (MCNs) in the supraoptic
(SON) and paraventricular nuclei (PVN) and transported down the
axons to the posterior pituitary and released into the circulatory system.
VP is released following increased plasma osmolality via osmoreceptor
activation or hypovolemia via baroreceptor activation. OT is released
following cervical stretch (Ferguson reflex) or milk let-down reflex of
Ely-Petersen [1].

Vasopressin (VP)
There is evidence that the kidneys can regulate VP secretion. It
has been observed that electrical stimulation of afferent renal nerves
stimulates, in different animal models, VP release and the activity of
MCNs in the SON and PVN where VP is synthetized [2]. Intrarenal
infusion of BK, which is known to excite afferent renal nerves, increases
the activity of VPergic neurons in the SON of rats and increases VP
release in rabbits. These effects are significantly suppressed following
renal denervation indicating that the kidneys can influence VP
secretion via afferent renal nerves [3]. On the other hand, BK is a potent
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endothelium-dependent intrarenal vasodilator, as well as nitric oxide
(NO) and prostaglandines (PGs), an effect mainly expressed in the
inner medulla. Therefore, BK might modulate VP secretion not only by
stimulating its release via afferent renal nerves but also inhibiting VP
release by its action as intrarenal vasodilator. We can hypothesize that
osmotic and non-osmotic mechanisms activating reno-renal reflexes
via afferent renal nerves reach the spinal cord and transport renal
information to the brain via the medullary reticular formation and
dorsal medulla oblongata where is located the nucleus of the solitary
tract (NTS) that is involved in the control of VP secretion [4-6]. This
sequence of events that induce VP release and activation of vasopressor
factors, such as renin-angiotensin-aldosterone system and renal
sympathetic inputs, provokes the release of intrarenal vasodilatators,
such as BK, NO and PGs, that counteract the vasopressor action of
these hormones via a paracrine control.
BK and other autacoids, such as PGE2 and endothelin-1,
antagonize the intrarenal VP mechanism of action. VP, released from
the neurohypophysis (NH) following osmotic stimuli, binds to its V2
receptor (a Gs protein-coupled receptor) on the basolateral membrane of
collecting duct epithelial cells trigging an intracellular cAMP signaling
cascade which phosphorilates a serine residue of the membrane water
channel aquaporine-2 (AQP2) [7,8]. This phosphorilation is essential
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for trafficking of AQP2 containing vesicles to the apical plasma
membrane [9-12] thus increasing reabsorption of water through AQP2
water channels. When plasma VP concentration decreases, AQP2
vescicles are internalized from the plasma membrane, consequently
plasma membrane returns watertight. BK plays an inhibitory role on
VP-induced AQP2 activation [13]. Indeed BK pretreatment impaired
the mechanism of phosphorilation that induces the translocation of
AQP2 to the apical plasma membrane thus inhibiting the osmotic water
permeability of the collecting duct (CD) cells [14].
In in vivo studies, infusion of BK provokes diuresis and natriuresis.
These effects are mediated by BKB2 receptors because icatibant, an
antagonist of these receptors, suppresses the diuretic and natriuretic
response induced by BK. In addition, BK inhibits VP-induced water
flow in microperfused rabbit cortical CD cells. Also in these conditions
are involved BKB2 receptors because these effects are antagonized by
icatibant and not by BKB1 antagonists. Furthermore, BK increases
Ca(2+) in cortical CD cells via a BKB2 receptor mechanism [15].
Cytosolic Ca(2+) increase in CD cells is mediated via the G proteins Gq
and Gα13, that are coupled to BKB2. This Ca(2+) increase is suppressed
by the BKB2 antagonist icatibant. In CD cells BK provokes an increase
of Rho activity. This Rho protein plays an inhibitory role on trafficking
of vesicles containing AQP2 to the apical membrane via stabilization of
actin filaments. Therefore, BK inhibits the urinary concentrating effects
of VP by stimulation of Rho activity thus impairing AQP2 trafficking
[14].
BKB2 receptor knockout mice (B2-KO) exhibit decreased urine
volume and increased urine osmolality following 24 h of water
deprivation. It has been observed that dehydration or administration
of a VP V2-receptor agonist showed increased urinary concentration in
B2-KO mice than in controls, thus indicating that BK acting on its B2
receptor plays an antagonistic role on the antidiuretic effects of VP [16].
Intra-aortic administration of BK induces in dose-dependent
manner, a reduction in blood pressure (MAP) and renal blood flow
(RBF), and an increase in renal vascular resistance (RVR). Similar
responses have been observed following intrarenal administration of
BK, even if the increase of RVR was significantly pronounced. These
actions are not prevented by antagonists of VP V1-receptors or α1adrenoceptors, while the antagonist of BKB2 receptors icatibant is
able to prevent the hemodynamic responses to BK. These data indicate
that BK shows renal vasoconstrictor and vasodilator properties both
mediated by BKB2 receptors [17].
BKB2 receptors are located also in the brain [18], mainly in the
nuclei of the medulla oblongata that are involved in the control of
cardiovascular functions. Intracerebroventricular administration of
BK increases MAP and hearth rate, effects completely prevented by
the specific BKB2 antagonist icatibant [19], thus showing that centrally
administered BK induces cardiovascular responses by activation of
brainstem catecholamine neurons of A1 and A2 noradrenergic cell
group via signal to the sympathetic nervous system.

Oxytocin (OT)
In rats, intravenously injected OT is able to increase urine volume
and natriuresis, with increased urinary excretion of kinins. Aprotein,
a kallikrein inhibitor, and icatibant, a BKB2 antagonist, significantly
suppress diuresis and urinary excretion of sodium induced by OT, thus
showing that kallicrein and BK mediate the diuresis and natriuresis
induced by OT [20].
In rat uterine slices a compound with BK agonist activity and OT
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antagonist activity, L-366,811, stimulates phosphatidylinositol turnover
and, in dose-related manner, contractions of the isolated rat uterus.
OT infusion induces a significant decrease of maximal binding
of [3H]-OT and OT receptor concentration in myometrial plasma
membranes. BK infusions down-regulated BK receptor concentration.
Long-term treatment with OT down-regulated myometrial BK
receptors. Therefore, the down-regulation of OT and BK receptors
observed following long-term treatment with OT may indicate the
existence of a common final pathway in the contractile responsiveness
of uterine myometrial cells [21].
Inhibitors of NO synthase suppress PGF2α and PGE2 synthesis
induced by BK in the uterus of estrogen-primed rats. Therefore,
frequency of uterine contraction provoked by BK and OT is modulated
by NO via PGs release (Chaud et al., 1997) [22]. In addition, BK and
OT activate phospholipase C which provokes the release of Ca(2+)
from intracellular stores. This event is critical for BK- and OT-induced
contraction of uterine smooth muscle [23].
Adrenomedullin (AM), a potent endogenous vasodilator peptide,
plays an inhibitory role on the spontaneous uterine periodic contraction.
This effect is prevented by antagonist of AM receptors or calcitonin
gene-related peptide (CGRP) receptors. AM inhibits BK-induced
periodic uterine contraction, but is unable to counteracts periodic
contraction induced by OT or PGF2α, thus showing that AM is able
to inhibit both spontaneous and BK-induced periodic contraction of
uterus via activating receptors for AM and CGRP [24].

Conclusions
The neurohypophyseal hormones VP and OT are submitted to a large
number of afferent pathways regulating their mechanism of action. The
interactions that these neural pathways form utilize neurotransmitters
and neuropeptides as ATP, noradrenaline, serotonin, acetylcholine,
taurine, glycine, neurokinins, neuropeptide Y, angiotensin II and
substance P, that act on their own membrane receptors. BK modulates
these mechanisms acting on intracellular signaling cascade, triggered
by VP and OT, as phosphorilation in CD cells and phospholipase C in
uterine smooth muscle.
References
1. Iovino M, Guastamacchia E, Giagulli VA, Licchelli B, Triggiani V (2012)
Vasopressin secretion control: central neural pathways, neurotransmitters and
effects of drugs. Curr Pharm Des 18: 4714-4724.
2. Ciriello J (1998) Afferent renal inputs to paraventricular nucleus vasopressin
and oxytocin neurosecretory neurons. Am J Physiol 275: R1745-1754.
3. Reid IA, Yamamoto A, Keil LC, Chou L (1991) Role of afferent renal nerves in
the control of vasopressin secretion. Chin J Physiol 34: 93-104.
4. Sved AF, Imaizumi T, Talman WT, Reis DJ (1985) Vasopressin contributes to
hypertension caused by nucleus tractus solitarius lesions. Hypertension 7: 262267.
5. Iovino M, Vanacore A, Steardo L (1990) Alpha2-adrenergic stimulation whithin
the nucleus tractus solitarius attenuates vasopressin release induced by
depletion of cardiovascular volume. Pharmacol Biochem Behav 37: 821-824.
6. Yamane Y, Nakai M, Yamamoto J, Umeda Y, Ogino K (1984) Release of
vasopressin by electrical stimulation of the intermediate portion of the nucleus
of the tractus solitarius in rats with cervical spinal cordotomy and vagotomy.
Brain Res 324: 358-360.
7. Hoffert JD, Fenton RA, Moeller HB, Simons B, Tchapyjnikov D, et al. (2008)
Vasopressin-stimulated increase in phosphorylation at Ser269 potentiates
plasma membrane retention of aquaporin-2. J Biol Chem 283: 24617-24627.
8. Pearce D, Soundararajan R, Trimpert C, Kashlan OB, Deen PM, et al. (2014)
Collecting Duct Principal Cell Transport Processes and Their Regulation. Clin
J Am Soc Nephrol .

Volume 3 • Issue 1 • 1000104

Citation: Iovino M, Guastamacchia E, Giagulli VA, Iovino E, Licchelli B, et al. (2014) Bradykinin Signal Pathways Modulate Neurohypophyseal
Hormones Secretion. Autacoids 3: 104. doi:10.4172/2161-0479.1000104

Page 3 of 3
9. Nielsen S, Chou CL, Marples D, Christensen EI, Kishore BK, et al. (1995)
Vasopressin increases water permeability of kidney collecting duct by inducing
translocation of aquaporin-CD water channels to plasma membrane. Proc Natl
Acad Sci U S A 92: 1013-1017.
10. Nunes P, Hasler U, McKee M, Lu HA, Bouley R, et al. (2008) A fluorimetrybased ssYFP secretion assay to monitor vasopressin-induced exocytosis in
LLC-PK1 cells expressing aquaporin-2. Am J Physiol Cell Physiol 295: C14761487.
11. Kuwara M, Fushimi K, Terada Y, Bay L, Marumo F, et al. (1995) cAMPdependent phosphorylation stimulates water permeability of aquaporincollecting duct water channel protein expressed in Xenopus oocytes. J Biol
Chem 270: 10384-10387.
12. Kamsteeg EJ, Heijnen I, van Os CH, Deen PM (2000) The subcellular
localization of an aquaporin-2 tetramer depends on the stoichiometry of
phosphorylated and nonphosphorylated monomers. J Cell Biol 151: 919-930.
13. Boone M, Deen PM (2008) Physiology and pathophysiology of the vasopressinregulated renal water reabsorption. Pflugers Arch 456: 1005-1024.
14. Tamma G, Carmosino M, Svelto M, Valenti G (2005) Bradykinin signaling
counteracts cAMP-elicited aquaporin 2 translocation in renal cells. J Am Soc
Nephrol 16: 2881-2889.
15. Hébert RL, Regoli D, Xiong H, Breyer MD, Plante GE (2005) Bradykinin B2 type
receptor activation regulates fluid and electrolyte transport in the rabbit kidney.
Peptides 26: 1308-1316.
16. Alfie ME, Alim S, Mehta D, Shesely EG, Carretero OA (1999) An enhanced
effect of arginine vasopressin in bradykinin B2 receptor null mutant mice.
Hypertension 33: 1436-1440.

17. Braun C, Ade M, Unger T, van der Woude FJ, Rohmeiss P (1997) Effects of
bradykinin and icatibant on renal hemodynamics in conscious spontaneously
hypertensive and normotensive rats. J Cardiovasc Pharmacol 30: 446-454.
18. McEachern AE, Shelton ER, Bhakta S, Obernolte R, Bach C, et al. (1991)
Expression cloning of a rat B2 bradykinin receptor. Proc Natl Acad Sci U S A
88: 7724-7728.
19. Qadri F, Baurle L, Hauser W, Rascher W, Dominiak P (1999) Centrally
bradikinin B2-receptor-induced hypertensive and positive chronotropic effects
are mediated via activation of sympathetic nervous sytem. J Hypertens 17:
1265-1271.
20. Adachi K, Majima M, Katori M, Nishijima M (1995) Oxytocin-induced natriuresis
mediated by the renal kallikrein-kinin system in anesthetized male rats. Jpn J
Pharmacol 67: 243-252.
21. Engstrom T, Atke A, Vilhardt H (1988) Receptor-binding characteristics and
contractile responsiveness of the myometrium following prolonged infusion of
bradykinin and oxytocin in rats. J Endocrinol 11: 81-85.
22. Chaud M, Franchi AM, Rettori V, McCann SM, Gimeno MF (1997) Nitric oxide in
the contractile action of bradykinin, oxytocin, and prostaglandin F2 alpha in the
estrogenized rat uterus. Proc Natl Acad Sci U S A 94: 11049-11054.
23. Wassdal I, Nicolaysen G, Iversen JG (1998) Bradykinin causes contraction in
rat uterus through the same signal pathway as oxytocin. Acta Physiol Scand
164: 47-52.
24. Yanagita T, Yamamoto R, Sugano T, Kobayashi H, Uezono Y, et al. (2000)
Adrenomedullin inhibits spontaneous and bradykinin-induced but not oxytocinor prostaglandin F (2alpha)-induced periodic contraction of rat uterus. Br J
Pharmacol 130: 1727-1730.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:

Citation: Iovino M, Guastamacchia E, Giagulli VA, Iovino E, Licchelli B, et al.
(2014) Bradykinin Signal Pathways Modulate Neurohypophyseal Hormones
Secretion. Autacoids 3: 104. doi:10.4172/2161-0479.1000104

Autacoids
ISSN:2161-0479 Autacoids, an open access journal

•
•
•
•
•
•
•
•

250 Open Access Journals
20,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: www.omicsonline.org/submission

Volume 3 • Issue 1 • 1000104

