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Abstract
In addition to the central nervous system,
vasoactive intestinal peptide (VIP) containing nerves
have been described throughout the female genital tract.
VIP is reported to be produced by nerves fibers
innervating follicles at all stages of development in
rodents. There is growing evidence that VIP and their
receptors play important roles in the local regulat ion of
ovarian physiology mostly through cAMP pathway. It
has been reported that VIP regulates the ovarian follicle
survival and growth, oocyte maturation, ovulation and
steroidogenesis. Studies also demonstrated that VIP
inhibits apoptosis of rat follicles and is an important
factor for the gro wth of preantral follicles enclosed in
caprine ovarian tissue. Even though the addition of VIP
to the culture med iu m did not improve in vitro
maturation and fert ilization of oocytes, it has been
shown to stimu late ovulation in perfused rat ovaries.
VIP is also involved in the regulation of steroidogenic
activity. Therefore, this review aims to summarize
current data on the importance of VIP on ovarian
physiology.
Keywords : ovarian follicles, ovulation, steroidogenesis,
VIP.
Introduction
Ovarian activ ity is regulated not only by
gonadotropins and steroids, but also by a number of
neural inputs and paracrine regulatory mechanisms. The
mammalian ovary is innervated by extrinsic nerves,
which are both catecholaminerg ic and peptidergic in
nature (Burden, 1985; Ojeda and Lara, 1989; Ojeda et
al., 1989). Peptidergic innervation of the ovary was
verified, among other ways, by the presence of vasoactive
intestinal peptide (VIP) (Ahmed et al., 1986).
In addition to the central nervous system, VIP
containing nerves have been described throughout the
human female genital tract being most abundant in the
vagina, cervix and clitoris and less numerous in the
uterine body, oviduct and ovary (Ottesen and
Fahrenkrug, 1995), which suggests that such peptides
may not play an exclusively neuroendocrine role. The
lack o f rad ioimmunoassayable VIP levels following the
transection of the ovarian nerves indicates that ovarian
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VIP derives mostly from extrinsic innervation of the
gland (Dees et al., 1986; Advis et al., 1989). The VIP
immunoreactive nerve fibers reach the ovary via the
suspensory ligament (Dees et al., 1986) and are located
around blood vessels, in the interstitial g land and in the
follicu lar wall of the ovary (Kannisto et al., 1986;
Ahmed et al., 1986). However, the local ovarian
synthesis of the peptide is suggested by the ability to
detect VIP mRNA within rat ovarian t issue (Go zes and
Tsafriri, 1986; Bruno et al., 2011; State University of
Ceará, Fortaleza, Brazil; personal commun ication). There
is growing evidence that VIP plays an important role in
the female reproductive system by acting as a potential
local regulator of ovarian physiology, such as regulation
of steroidogenesis, cAMP accumulation, plasminogen
activator production and oocyte maturation (Ah med et
al., 1986; Tornell et al., 1988; Johnson and Tilly, 1988).
This review will focus on the role of VIP and its
receptors in ovarian physiology.
Expression of VIP and its receptors in the ovary
VIP is a member of the structurally related
neuropeptide family including pituitary adenylate
cyclase-activating
polypeptide
(PACAP)/secretin/
glucagons (Miyata et al., 1989; Arimu ra, 1992; Go zes et
al., 1999). VIP and PACAP act by binding to three
types of G protein-coupled VIP/PACAP receptors:
PAC1-R, wh ich exhib its a 300- to 1000-fold h igher
affinity for PACAP than for VIP (Harmar et al., 1998);
VPA C1-R and VPAC2-R, which exh ibit similar
affinities for the two neuropeptides (Lut z et al., 1993).
Hariku mar et al., (2006) demonstrated, by
using biophysical methods, that VPAC1-R and VPAC2R formed constitutive homo- and heterodimers. Langer
et al. (2006) studied the pharmacological properties of
VPA C1-R and VPAC2-R co-expressed in Chinesehamster ovary cells, and they confirmed by coimmunoprecip itation that the two receptors did interact
and found that receptor co-expression did not modify
VIP or selective agonist affinities. Similarly, the
potency of agonists to stimulate adenylate cyclase
activity was unaffected, suggesting that the properties of
the selective ligands that were established in cell lines
expressing a single population of VIP receptors were
valid in cells exp ressing both receptors. Similarly, VIP
receptor co-expression did not modify receptor
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internalizat ion and trafficking patterns following VIP or
selective agonist exposure (Langer et al., 2006).
In ovaries, VIP is reported to be produced by
nerve fibers innervating follicles at all stages of
development in rodent (Ahmed et al., 1986) and avian
(Johnson et al., 1994) species. Hulshof et al. (1994)
showed that bovine ovary is innervated by VIP-positive
nerve fibers, beginning at the onset of follicular
development and increasing with age. Furthermore, VIP
and its receptors immunoreactivity has been found in
close association with the ovarian vasculature (Hulshof
et al., 1994; Vaccari et al., 2006).
Despite the presence of mRNA for VIP has
been detected in ovaries of rats (Gozes and Tsafriri,
1986), its presence was not observed in mice (Barberi et
al., 2007). Ho wever, in goats, the presence of mRNA
for VIP was detected in all follicu lar categories
(primo rdial, primary, secondary and antral follicles) and
cellu lar types (granulosa and theca cells) studied; Bruno
et al., 2011; State Un iversity of Ceará, Fortaleza, Brazil;
personal communicat ion, suggesting a local synthesis of
this peptide. Furthermore, quantificat ion of mRNA
demonstrated that secondary follicles had significantly
higher levels of VIP mRNA compared to the primord ial
follicle. Granulosa/theca cells from large antral follicles
had higher levels of VIP mRNA than small antral
follicles (Bruno et al., 2011; State University of Ceará,
Fortaleza, Brazil; personal commun ication).
Barberi et al. (2007) showed that the
PACAP/ VIP receptors are expressed in mouse
granulosa cells in vivo. Furthermore, other authors have
shown that VPA C1-R is the most abundant receptor in
ovaries from juvenile mice, and that VPA C2-R levels
are lower, while those of PAC1-R are very low
(Cecconi et al., 2004). In the rat preovulatory follicles,
PAC1-R and VPA C2-R are exp ressed by granulosa
cells, whereas theca/interstitial cells exclusively express
VPA C1-R and VPAC2-R (Vaccari et al., 2006). PAC1R was the main receptor present in the ovary of rats,
followed by VPAC2-R and VPA C1-R (Lat ini et al.,
2010).
Signaling pathways and effects of VIP on follicle
survi val
VIP has been shown to protect several cell
types fro m apoptosis, including thymocytes, prostate
cancer and neural cells (Delgado et al., 1996; Said,
1996; Gutierrez-Canas et al., 2003; Sastry et al., 2006).
In the ovary, previous in vitro studies also demonstrated
that VIP inhibits apoptosis of rat follicles (Flaws et al.,
1995; Lee et al., 1999). Moreover, it has been
demonstrated that PACAP and VIP were able to prevent
granulosa cell apoptosis of follicles cultured in serum
free mediu m (Vaccari et al., 2006; Barberi et al., 2007).
Morelli et al. (2008) have shown that VPAC1-R and
VPA C2-R mRNAs were induced by gonadotropin
stimulat ion and the apoptotic effect of serum
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withdrawal fro m hu man granulosa-luteal cells culture
was reverted by both PACAP and VIP. Both peptides
showed the ability to reverse a decrease in procaspase-3
levels induced by culture in the absence of serum.
Recently, VIP maintained the ultrastructural integrity of
goat preantral follicles after seven days of ovarian tissue
culture (Bruno et al., 2010).
It is possible that VIP maintains cell viability
through the cAMP pathway. The stimulation of cAMP
formation by VIP is probably a transient response that
occurs early after culture in itiation. In support of this,
the ability of VIP to suppress apoptosis was mimicked
by treatment of follicles with the adenylyl cyclase
activator (forskolin), and this substance increased
cAMP production and accumulation within cultured
follicles (Flaws et al., 1995). These findings, along with
previous reports on the role of the cAMP-protein kinase
A (PKA) second messenger system in mediating the
effects of VIP in target cells (Davoren and Hsueh, 1985;
Johnson and Tilly, 1988; Ojeda et al., 1989), provide
evidence that VIP, potentially acting at least in part v ia
the cAMP pathway, functions as a novel inhibitor of
apoptosis.
Studies have shown that the neuroprotective
effects of VIP are mediated partially via activation of
PKA through PKC (Vaudry et al., 2000) and cAMPresponse element (CRE) binding protein (CREB)
phosphorylation (Walton and Dragunow, 2000). The
effect or mechanis ms include inhibit ion of caspase-3
activity, upregulation of Bcl-2 and suppression of
cytoplasmic cytochrome c translocation (reviewed by
Filippatos et al., 2001). Moreover, VIP activates
mitogen-activated protein kinase (MAPK) cascade
through the PKA pathway in the GH4C1 rat pituitary
cell line (Le Péchon-Vallée et al., 2000). Fernández et
al. (2003) have shown previously that VIP-induced
lactotroph proliferat ion is mediated by cAMP/PKA and
MAPK signaling pathways. Studies have provided new
insights into cAMP signal transduction and
demonstrated that Rap1 can p lay a crucial ro le in
med iating cAMP-induced MAPK activation in specific
cell types (Vossler et al., 1997, Alleau me et al., 2003).
These studies have shown that cAMP can stimulate
Rap1 activation, leading to activation of B-Raf,
MAPK/extracellu lar signal regulated kinase (ERK)
kinase 1 (MEK1) and MAPK. More recently, Fernández
et al. (2005) demonstrated that VIP-dependent
activation of the ERK signaling pathway in GH4C1
cells requires the PKA-Rap1 pathway (Fernández et al.,
2005).
Conversely, it is plausible that mechanisms
independent of PKA activity also partly mediate the
actions of VIP on follicle survival. This possibility is
supported by previous studies using a mouse pituitary
cell line that demonstrated activation of voltagesensitive calciu m channels after VIP stimu lation
(Schecterson and McKnight, 1991). In this work, βendorphin secretion by cells in response to VIP was
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inhibited in the presence of Ca2+ chelator EGTA, in the
absence of extracellu lar Ca2+, or when Ca2+ channels
were blocked. Based on these results, VIP appears to
activate a voltage-sensitive Ca2+ channel wh ich allows
the influ x of ext racellular Ca2+ required to stimu late βendorphin secretion. Several peptide hormones have
more than one type of receptor, and these receptor
subtypes can be coupled to completely different
intracellular message systems. Malhotra et al. (1988)
demonstrated that VIP mobilizes intracellu lar Ca2+ via
inositol triphosphate generation to induce catecholamine
secretion in the adrenal medulla, indicating that other
signal transduction mechanisms are coupled to VIP
receptors. Also, VIP has been shown to alter several
voltage-sensitive conductances in GH3 /B6 pituitary
cells, and only part of these actions is mimicked by 8bromo-aAMP (Hedlund et al., 1988).
In vitro effects of VIP on follicle growth
There are only a few papers dealing with VIP
effects on the ovarian follicles. In vitro studies revealed
that VIP stimulates the development of isolated bovine
primary and early secondary follicles (Hulshof, 1995).
We have recently demonstrated that VIP is an important
factor for the growth of small preantral follicles
enclosed in caprine ovarian tissue (Bruno et al., 2010).
In addition to the increase of VIP immunoreactivity
with the appearance of secondary and antral fo llicles in
bovine ovaries (Hulshof et al., 1994), the contemporary
presence of VIP and its receptors around preantral and
antral follicles (Vaccari et al., 2006) may explain the
role of VIP in fo llicle growth. Nevertheless, in mice,
VIP did not affect follicular development and caused
inhibit ion of follicular gro wth, antrum format ion,
granulosa cell proliferation, as well as estradiol
production of follicles stimulated by FSH (Cecconi et
al., 2004). These conflict ing results may be due to study
design, differences related to species, culture conditions
and different fo llicular stages analyzed.
Influence of VIP on maturation and ovul ation
Studies have shown that VIP stimulates
maturation in fo llicle-enclosed oocytes, but could
transiently inhibit or not affect spontaneous maturation
of cu mulus-enclosed oocytes (Tornell et al., 1988; Apa
et al., 1997). Cu lture of bovine cumu lus oocyte
complexes in the presence of VIP did not affect nuclear
maturation or cu mulus expansion, but it retarded
cytoplasmic maturat ion as reflected by delayed cortical
granule migration (Beker et al., 2000). Moreover, the
addition of VIP to the culture mediu m did not improve
in vitro maturation and fertilization of sheep (Ledda et
al., 1996) and buffalo (Nandi et al., 2003) oocytes.
Two possible explanations for the limited
response to VIP in events of maturation can be
suggested: first, depending on the experimental
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conditions, cAMP can either stimu late or inhib it meiosis
(Hillensjo et al., 1978). It is possible that high doses of
VIP sustain high levels of cAMP in the oocyte and
prevent meiosis. Such a phenomenon is believed to
occur in the presence of forskolin (Ekholm et al., 1984),
dbcAMP, or phosphodiesterase inhibitors (Hillensjo et
al., 1978). A second exp lanation for the limited
response could be that VIP affects only one
subpopulation of follicles or subpopulation of granulosa
cells within each follicle. In fact, Kasson et al. (1985)
have shown one predominantly VIP-sensitive and one
FSH-sensitive subpopulation of granulosa cells.
Nevertheless, although VIP did not influence
maturation, Hu lshof et al. (1994) observed that VIPcontaining cells were found exclusively in the granulosa
layer of the preovulatory follicle around the time of the
LH peak. Th is suggests a role of VIP in the final stage
of follicle develop ment. Indeed, VIP has been shown to
stimulate ovulation in perfused rat ovaries (Sch midt et
al., 1990). In the mammalian system, VIP or LH, acting
via the adenylyl cyclase system, induce an increase in
plasminogen activator activity (Beers, 1975; Wang and
Leung, 1983; Liu et al., 1987), a serine protease that has
been implicated in the process of follicular rupture at
the time of ovulation (Beers, 1975; Reich et al., 1985)
and in the process of follicular cumu lus cell expansion
and dispersion (Liu et al., 1986).
In addition, the localizat ion of VIP and its
receptors in association with blood vessels (Hulshof et
al., 1994; Vaccari et al., 2006) suggests that this
neuropeptide might be involved in the regulation of
ovarian blood flow. In fact, VIP contributes to the
increase in blood flow around preovulatory follicles
observed after the LH surge (Acosta et al., 2003). This
increased ovarian stromal blood flow may, in turn, lead
to a greater delivery of gonadotropins to the granulosa
cells of preovulatory follicles (Redmer and Reynolds,
1996), which will be important for the generation of a
normal follicle and competent oocyte. The gonadotropins
would consequently stimulate the production of PACAP in
the preovulatory follicle. The fact that PACAP induces
genes related to ovulation and luteinization, and mediates
some of the effects of LH on granulosa cell differentiation
at the time of ovulation (Gras et al., 1999; Lee et al., 1999,
Park et al., 2000), suggests that PACAP may serve as an
ovarian physiological mediator of gonadotropins in the
ovulatory process. This is in agreement with a previous
demonstration that provides direct evidence of the
presence of PAC1-R and the absence of VPA C1-R and
VPA C2-R on germinal vesicles oocytes (Vaccari et al.,
2006). Further studies are warranted to evaluate the
respective roles of PACAP and VIP in ovulatory
process.
VIP sti mul ates ovari an steroi dogenesis
Studies have shown that in the periphery, the
denervation of ovaries during the early luteal phase of
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the estrous cycle leads to changes in their morphology
and impairs steroidogenic activity in pigs (Jana et al.,
2005). Similarly, inhib ition of ovarian secretory
function and delayed pubertal onset were observed in
rats after denervation (Ojeda et al., 1983; Lara et al.,
1990; Forneris and Aguado, 2002). The alterat ions in
gonadal endocrine function are attributed to the loss of
the peptidergic supply (for examp le, VIP) of neuronal
fibers (Ojeda et al., 1983; Lara et al., 1990; Fo rneris et
al., 2002; Jana et al., 2005). Therefore, these studies
show that VIP is implicated in ovarian steroidogenesis.
In addition, VIP is involved in the regulation of
steroidogenic activity, stimu lating estradiol and
progesterone release from cultured granulosa cells and
whole ovaries in vitro (Davoren and Hsueh, 1985;
Ahmed et al., 1986; Parra et al., 2007; Kowalewski et
al., 2010), progesterone release in vivo (Fredericks et
al., 1983), and androgen release from ovarian frag ments
in vitro (Ahmed et al., 1986). These effects may be
related to the ability of VIP to enhance the synthesis of
the cholesterol side-chain cleavage enzyme co mplex
(Trzeciak et al., 1986), the rate-limit ing step in
progesterone biosynthesis and the activity of the
aromatase enzyme co mplex (George and Ojeda, 1987).
Studies have provided evidence that VIP is capable of
inducing aromatase activity before the ovary became
responsive to gonadotropins (George and Ojeda, 1987;
Mayerhofer et al., 1997). A possibility to consider is
that VIP induction of estradiol release during the estrous
cycle may also come fro m immature follicles. If true,
this would suggest that VIP p lays a complementary role
to that of FSH, the primary mediator of estradiol
biosynthesis, in determining the magnitude of estradiol
increase under varying physiologic conditions (Parra et
al., 2007). These findings suggest a role for this peptide
in ovarian steroid biosynthesis.
Little is known about the mo lecular
mechanis ms of VIP-med iated steroidogenesis. It is
known that VIP increases the levels of cAMP (Tornell
et al., 1988, Apa et al., 1997; Vaccari et al., 2006) and
subsequently leads to PKA activation, which in turn
induces steroidogenesis in granulosa cells. The
cAMP/PKA pathway is the major route in the trophic
hormone-stimulated regulat ion of steroidogenic acute
regulatory protein (StA R) expression and function. The
activation of PKC has been shown to result in the
effective transcription and translation of StAR.
However, a fu rther activation of the PKA pathway is
required to effectively phosphorylate StAR and induce
steroid production (Jo et al., 2005). On the basis of this
phenomenon, using specific analogs of cAMP to
preferentially activate either type I or type II PKA,
Dyson et al. (2009) were ab le to show that type I PKA
is more involved in StAR gene expression, while the
activation of type II PKA is essential for efficient
phosphorylation of StAR and consequently production
of steroids. Indeed, Kowalewski et al. (2010) observed
that VIP together with cAMP-analogs that activate Type
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II PKA increased P-STAR and further increased
steroidogenesis. StAR mediates the rate-limit ing step in
steroidogenesis, the transfer of cholesterol fro m the
outer to the inner mitochondrial membrane, and it is the
hormonal regulat ion of StAR expression and activity
that allows tissues to accurately control their steroid
production (Kowalewski et al., 2010). A reduction of
StAR and 3β-hydroxysteroid dehydrogenase expression,
enzy me converting pregnenolone to progesterone,
accompanied by decreased serum levels of FSH was
demonstrated in young VIP knockout mice (Lacombe et
al., 2007). Additional signaling pathways may be involved
because the receptors activate multiple intracellular
pathways (Lutz et al., 1993; Spengler et al., 1993).
Final considerati ons
Collectively, these results suggest the role of
VIP and its receptors in the control of ovarian
follicu logenesis. VIP and its receptors, mostly through
cAMP/PKA pathway regulate the follicle survival and
growth, oocyte maturation and ovulation, as well as
ovarian steroidogenesis. Further research in this field
will great ly advance our understanding of ovarian
physiology.
References
Acosta TJ, Hayashi KG, Ohtani M, Miyamoto A.
2003. Local changes in blood flow with in the
preovulatory follicle wall and early corpus luteum in
cows. Reproduction, 125:759-767.
Advis JP, Ahmed CE, Ojeda SR. 1989. Direct
hypothalamic control of vasoactive intestinal peptide
(VIP) levels in the developing rat ovary. Brain Res Bull,
22:605-610.
Ahmed CE, Dees WL, Ojeda SR. 1986. The immature
rat ovary is innervated by vasoactive intestinal peptide
(VIP)-containing fibers and responds to VIP with
steroid secretion. Endocrinology, 118:1682-1689.
Alleaume C, Eychène A, Caigneaux E, Muller JM,
Philippe M. 2003. Vasoactive intestinal peptide
stimulates proliferation in HT29 hu man colonic
adenocarcinoma cells: Concomitant activation of
Ras/Rap1-Braf-ERK signaling pathway. Neuropeptides,
37:98-104.
Apa R, Lanzone A, Mastrandrea M, Miceli F,
Macchione E, Fulghesu AM, Caruso A, Cani pari R.
1997. Effect of pituitary adenylate cyclase activating
peptide on meiotic maturation in follicle-enclosed,
cumulus-enclosed, and denuded rat oocytes. Biol
Reprod, 57:1074-1079.
Arimura A. 1992. Pituitary adenylate cyclase activating
polypeptide (PACAP): discovery and current status of
research. Regul Pept, 37:287-303.
Barberi M, Muciacci a B, Morelli MB, Stefani ni M,
Cecconi S, Cani pari R. 2007. Expression localisation
and functional activity of pituitary adenylate cyclase
activating polypeptide, vasoactive intestinal polypeptide
Anim. Reprod, v.8, n.3/4, p.51-57, Jul./Dec.2011

Bruno et al. VIP and ovarian physiology.

and their receptors in mouse ovary. Reproduction,
134:281-292.
Beers WH. 1975. Follicular p lasminogen and
plasminogen activator and the effect of plasmin on
ovarian follicle wall. Cell, 6:379-386.
Beker ARCL, Izadyar F, Colenbrander B, Bevers
MM. 2000. Effect of growth hormone releasing
hormone (GHRH) and vasoactive intestinal peptide
(VIP) on in v itro bovine oocyte maturation.
Theriogenology, 53:1771-1782.
Bruno JB, Celestino JJ H, Li ma-Verde IB, Matos
MHT, Li ma LF, Name KPO, Araújo VR, Sarai va
MVA, Martins FS, Campello CC, Silva J RV, B áo
SN, Figueiredo JR. 2010. Vasoactive intestinal peptide
improves the survival and development of caprine
preantral follicles after in vitro tissue culture. Cells
Tissue Organs, 191:414-21.
Burden HW. 1985. The adrenergic innervations of
mammalian ovaries. In: Ben-Jonathan N, Bahr MM,
Weiner RI (Ed.). Catecholamines as Hormone
Regulators. New York: Raven Press. pp. 261-278.
Cecconi S, Rossi G, Barberi M, Scal daferri L,
Cani pari R. 2004. Effect of pituitary adenylate cyclaseactivating polypeptide and vasoactive intestinal
polypeptide on mouse preantral follicle development in
vitro. Endocrinology, 145:2071-2079.
Davoren JJ, Hsueh AJW. 1985. Vasoactive intestinal
peptide: a novel stimulator of steroidogenesis by
cultured rat granulosa cells. Biol Reprod, 33:37-52.
Dees WL, Ahmed CE, Ojeda SR. 1986. Substance P-,
and vasoactive intestinal peptide-containing fibers reach
the ovary by independent routes. Endocrinology,
119:638-641.
Delgado M, Garri do E, Martinez C, Leceta J,
Gomariz RP. 1996. Vasoactive intestinal peptide and
pituitary adenylate cyclase-activating polypeptides
(PACAP27) and (PACAP38) protect CD4+CD8+
thymocytes from glucocorticoid-induced apoptosis.
Blood, 87:5152-5161.
Dyson MT, Kowalewski MP, Manna PR, Stocco DM.
2009. The differential regulation of steroidogenic acute
regulatory protein-mediated steroidogenesis by type I
and type II PKA in MA-10 cells. Mol Cell Endocrinol,
300:94-103.
Ek hol m C, Hiilensjö T, Magnusson C, Ros berg S.
1984. Stimu lation and inhib ition of rat oocyte meiosis
by forskolin. Biol Reprod, 30:537-43.
Fernández M, Sánchez-Franco F, Palaci os N,
Sánchez I, Villuendas G, Cacicedo L. 2003.
Involvement of vasoactive intestinal peptide on insulinlike growth factor I-induced proliferation of rat pituitary
lactotropes in primary culture: evidence for an autocrine
and/or paracrine regulatory system. Neuroendocrinology,
77:341-352.
Fernández M, Sánchez-Franco F, Palaci os N,
Sánchez I, Cacicedo L. 2005. IGF-I and vasoactive
intestinal peptide (VIP) regulate cAMP-response
element-binding protein (CREB)-dependent transcription
Anim. Reprod, v.8, n.3/4, p.51-57, Jul./Dec.2011

via the mitogen-activated protein kinase (MAPK)
pathway in pituitary cells: requirement of Rap1. J Mol
Endocrinol, 34:699-712.
Fili ppatos GS, Gangopadhyay N, Lalude O,
Parames waran N, Sai d SI, S pielman W, Uhal BD.
2001. Regulation of apoptosis by vasoactive peptides.
Am. J. Physiol. Lung. Cell Mol Physiol, 281:749-761.
Fl aws JA, Desanti A, Tilly KI, J avi d RO, Kugu K,
Johnson AL, Hirshfiel d AN, Tilly JL. 1995.
Vasoactive intestinal peptide mediated suppression of
apoptosis in the ovary: potential mechanis ms of action
and evidence of a conserved antiatretogenic role
through evolution. Endocrinology, 136:4351-4359.
Forneris ML, Aguado LI. 2002. Neonatal superior
nerve transection disturbs the cyclic activity of the
female rats. J Steroids Biochem Mol Biol, 82:75-82.
Fredericks CM, Lundquist LE, Mathur RS, Ashton
SH, Landgrebe SC. 1983. Effects of vasoactive
intestinal polypeptide upon ovarian steroids, ovum
transport and fertility in the rabbit. Biol Reprod,
28:1052-1060.
George FW, Ojeda SR. 1987. Vasoactive intestinal
peptide induces aromatase activity before development
of primary follicles or responsiveness to folliclestimulat ing hormone. Proc Natl Acad Sci USA,
84:5803-5807.
Gozes I, Tsafriri A. 1986. Detection of vasoactive
intestinal peptide encoding messenger ribonucleic acid
in the rat ovaries. Endocrinology, 119:2606-2610.
Gozes I, Fri dkinb M, Hill JM, Brenneman DE. 1999.
Pharmaceutical VIP: prospects and problems. Curr Med
Chem, 6:1019-1034.
Gras S, Hanni bal J, Fahrenkrug J. 1999. Pituitary
adenylate cyclase activating polypeptide is an
auto/paracrine stimu lator of acute progesterone
accumulat ion and subsequent luteinizat ion in cultured
periovulatory granulosa/lutein cells. Endocrinology,
140:2199-2205.
Gutierrez-Cañas I, Rodriguez-Henche N, Bol anos O,
Carmena MJ, Prieto JC, Juarranz MG. 2003. VIP
and PACAP are autocrine factors that protect the
androgen-independent prostate cancer cell line PC-3
fro m apoptosis induced by serum withdrawal. Br J
Pharmacol, 139:1050-1058.
Harikumar KG, Morfis MM, Lisenbee CS, Sexton
PM, Miller LJ. 2006. Constitutive formation of
oligo meric co mplexes between family B G proteincoupled vasoactive intestinal polypeptide and secretin
receptors. Mol Pharmacol, 69:363-373.
Harmar AJ, Arimura A, Gozes I, Journot L,
Laburthe M, Pisegna JR, Rawlings SR, Robberecht
P, Said S I, Sreedharan SP, Wank SA, Waschek JA.
1998. No menclature of receptors for vasoactive
intestinal peptide (VIP) and pituitary adenylate cyclase
activating polypeptide (PACAP). Pharmacol Rev,
50:265-270.
Hedl und B, Dufy B, B arker L. 1988. Vasoactive
intestinal polypeptide alters GH3 /B6 pituitary cell
55

Bruno et al. VIP and ovarian physiology.

excitability. Pfluengers Arch, 411:173-179.
Hillensjö T, Ekhohn C, Ahrén K. 1978. Role of cyclic
AMP in oocyte maturation and glycolysis in the preovulatory rat follicle. Acta Endocrinol, 87:377-388.
Hulshof SCJ, Dijkstra G, Van Der Beek EM, Bevers
MM, Figueiredo JR, Beckers JF, Van Den Hurk R.
1994. Immunocytochemical localization of vasoactive
intestinal peptide and neuropeptide y in the bovine
ovary. Biol Reprod, 50:553-560.
Hulshof SCJ. 1995. Bovine preantral follicles and their
development in vitro; Utrecht: Utrecht University. Thesis.
Jana B, Dzienis A, Pańczyszyn J, Rog ozińska A,
Wojtkiewicz J, Skobowiat C, Majewski M. 2005.
Denervation of the porcine ovaries perfo rmed during the
early luteal phase influenced morphology and function
of the gonad. Reprod Biol, 5:69-82.
Jo Y, King SR, Khan S A, Stocco DM. 2005.
Involvement of protein kinase C and cyclic adenosine
3’,5’-monophosphate-dependent kinase in steroidogenic
acute regulatory protein expression and steroid
biosynthesis in Leydig cells. Biol Reprod, 73:244-255.
Johnson AL, Tilly J L. 1988. Effects of vasoactive
intestinal peptide on steroid secretion and plasminogen
activator activity in granulosa cells of the hen. Biol
Reprod, 38:296-303.
Johnson AL, Li Z, Gi bney JA, Malamed S. 1994.
Vasoactive intestinal peptide-induced expression of
cytochrome p450 cholesterol side-chain cleavage and
17a-hydroxy lase enzyme activ ity in hen granulosa cells.
Biol Reprod, 51:327-333.
Kannisto P, Ek bl ad E, Helm G, Owman Ch, Sjöberg
N-O, Stjernquist M, Sundler F, Walles B. 1986.
Existence and coexistence of peptides in nerves of the
mammalian ovary and oviduct demonstrated by
immunohistochemistry. Histochemistry, 86:25-34.
Kasson B G, Mei dan R, Davoren JB, Hsueh AJW.
1985. Identification of subpopulations of rat granulosa
cells: sedimentation properties
and
hormonal
responsiveness. Endocrinology, 7:1027-1034.
Kowalewski MP, Dyson MT, Boos A, Stocco DM.
2010. Vasoactive intestinal peptide (VIP)-mediated
expression and function of steroidogenic acute
regulatory protein (StAR) in granulosa cells. Mol Cell
Endocrinol, 328:93-103.
Lacombe A, Lelievre V, Roselli CE, Muller JM,
Waschek JA, Vilain E. 2007. Lack of vasoactive
intestinal peptide reduces testosterone levels and
reproductive aging in mouse testis. J Endocrinol,
194:153-160.
Langer I, Gas pard N, Robberecht P. 2006.
Pharmacological properties of Chinese hamster ovary
cells coexp ressing two vasoactive intestinal peptide
receptors (hVPAC1 and hVPAC2). Br J Pharmacol,
148:1051-1059.
Lara HE, McDonal d JK, Ahmed CE, Ojeda SR.
1990. Guanethidine-mediated destruction of ovarian
sympathetic nerves disrupts ovarian development and
function in rats. Endocrinology, 127:2199-2209.
56

Latini S, Chiarpotto M, Muci accia B, Vaccari S,
Barberi M, Guglielmo MC, Stefanini M, Cecconi S,
Cani pari R. 2010. Inhibitory effect of p ituitary
adenylate cyclase activating polypeptide on the initial
stages of rat follicle develop ment. Mol Cell Endocrinol,
320:34-44.
Ledda S, B ogliolo L, Leoni G, Cal vi a P, Naitana S.
1996. Influence of vasoactive intestinal peptide (VIP),
atrial natriu retic peptide (ANP) and insulin-like growth
factor-I (IGF-I) on in v itro maturat ion of prepubertal
and adult sheep oocytes. Zygote, 4:343-348.
Le Péchon-Vallée C, Mag alon K, Rasolonjanahary
R, Enjal bert A, Gérard C. 2000. Vasoactive intestinal
peptide and PACAP stimulate mitogen-activated protein
kinase in the pituitary cell line GH4C1 by 3’, 5’- cyclic
adenosine monophosphate pathway. Neuroendocrinology,
72:46-56.
Lee J, Park HJ, Choi HS, Kwon HB, Ari mura A, Lee
BJ, Choi WS, Chun S Y. 1999. Gonadotropin
stimulat ion of pituitary adenylate cyclase-activating
polypeptide (PACAP) messenger ribonucleic acid in the
rat ovary and the role of PACAP as a follicle survival
factor. Endocrinology, 140:818-826.
Liu YX, Ny T, Sarkar D, Loskutoff D, Hsueh AJW.
1986. Identificat ion and regulation of tissue
plasminogen activator activity in rat cumulus-oocyte
complexes. Endocrinology, 119:1578-1587.
Liu YX, Kasson B G, Dahl KD, Hsueh AJ. 1987.
Vasoactive intestinal peptide stimulates plasminogen
activator activity by cultured rat granulosa cells and
cumulus-oocyte complexes. Peptides, 8:29-33.
Lutz EM, Sheward WJ, West KM, Morrow JA, Fink
G, Harmar AJ. 1993. The VIP2 receptor: mo lecular
characterisation of a cDNA encoding a novel receptor
for vasoactive intestinal peptide. FEBS Lett, 334:3-8.
Malhotra RK, Wakade TD, Wakade AR. 1988.
Vasoactive intestinal polypeptide and muscarine
mobilize intracellu lar Ca2+ through breakdown of
phosphoinositides to induce catecholamine secretion:
role of IP3 in exocytosis. J Biol Chem, 263:2123-2126.
Mayerhofer A, Dissen GA, Costa M, Ojeda SR. 1997.
A role for neurotransmitters in early follicular
development: induction of functional folliclestimulat ing hormone receptors in newly formed follicles
of the rat ovary. Endocrinology, 138:3320-3329.
Mi yata A, Arimura A, Dahl RR, Minamino N, Uehara
A, Jiang L, Culler MD, Coy DH. 1989. Isolation of a
novel 38 residue-hypothalamic polypeptide which
stimulates adenylate cyclase in pituitary cells. Biochem
Biophys Res Commun, 164:567-574.
Morelli MB, Barberi M, Gambardella A, Borini A,
Cecconi S, Coticchio G, Cani pari R. 2008.
Characterizat ion, expression, and functional activity of
pituitary adenylate cyclase-activating polypeptide and
its receptors in human granulosa-luteal cells. J Clin
Endocrinol Metab, 93:4924-4932.
Nandi S, Ravindranatha B M, Gupta PSP, Raghu
HM, Sarma PV. 2003. Develop mental co mpetence and
Anim. Reprod, v.8, n.3/4, p.51-57, Jul./Dec.2011

Bruno et al. VIP and ovarian physiology.

post-thaw survivability of buffalo embryos produced in
vitro: effect of growth factors in oocyte maturation
med iu m and of embryo culture system Theriogenology,
60:1621-1631.
Ojeda SR, White SS, Aguado LI, Advis JP, Andersen
JM. 1983. Abdominal vagotomy delays the onset of
puberty and inhibits ovarian function in the female rat.
Neuroendocrinology, 36:261-267.
Ojeda SR, Lara HE. 1989. The role of the sympathetic
nervous system in the regulation of ovarian function. In:
Pirke KM, Wuttke W, Schweiger U (Ed .). The
Menstrual Cycle and Its Disorders. Berlin: SpringerVerlag. pp. 26-32.
Ojeda SR, Lara HE, Ahmed CE. 1989. The potential
relevance of vasoactive intestinal peptide to ovarian
physiology. In Adashi E (Ed.). Putative Intraovarian
Regulators, New York, Thieme Inc., pp. 52-60.
Ottesen B, Fahrenkrug J. 1995. Vasoactive intestinal
polypeptide and other preprovasoactive intestinal
polypeptide-derived peptides in the female and male
genital tract: localizat ion, biosynthesis, and functional
and clinical significance. Am J Obstet Gynecol,
172:1615-1631.
Park HJ, Lee J, Wang L, Park J H, Kwon HB,
Arimura A, Chun S Y. 2000. Stage-specific expression
of pituitary adenylate cyclase-activating polypeptide
type I receptor messenger ribonucleic acid during
ovarian follicle development in the rat. Endocrinology,
141:702-709.
Parra C, Fiedler JL, Lunal SL, Greiner M,
Padmanabhan V, Lara HE. 2007. Part icipation of
vasoactive intestinal polypeptide in ovarian steroids
production during the rat estrous cycle and in the
development of estradiol valerate-induced polycystic
ovary. Reproduction, 133:147-154.
Redmer DA, Reynol ds LP. 1996. Angiogenesis in the
ovary. Rev Reprod, 1:182-192.
Reich R, Miskin R, Tsafriri A. 1985. Follicular
plasminogen activator: involvement in ovulation.
Endocrinology, 116:516-521.
Said S I. 1996. Molecules that protect: the defense of
neurons and other cells. J Clin Invest, 97:2163-2164.
Sastry KSR, S mith AJ, Karpova Y, Datta SR, Kulik
G. 2006. Diverse antiapoptotic signaling pathways
activated by vasoactive intestinal polypeptide,
epidermal growth factor, and phosphatidylinositol 3-

Anim. Reprod, v.8, n.3/4, p.51-57, Jul./Dec.2011

kinase in prostate cancer cells converge on bad. J Biol
Chem, 281:20891-20901.
Schecterson LC, McKnight GS . 1991. Ro le of cyclic
adenosine 3’,5’- monophosphate-dependent protein
kinase in hormone-stimulated /3-endorphin secretion in
AtT20 cells. Mol Endocrinol, 5:170-178.
Schmi dt G, Jörgensen J, Kannisto P, Liedberg F,
Ottesen B, Owman C. 1990. Vasoactive intestinal
polypeptide in the PMSG-primed immature rat ovary
and its effect on ovulation in the isolated rat ovary
perfused in vitro. J Reprod Fertil, 90:465-472.
Spengler D, Waeber C, Pantal oni C, Holsboer F,
Bockaert J, Seeburg PH, Journot L. 1993.
Differential signal transduction by five splice variants of
the PACAP receptor. Nature, 365:170-175.
Tornell J, Carlsson B, Hillensjo T. 1988. Vasoactive
intestinal peptide stimulates oocyte maturation,
steroidogenesis, and cyclic adenosine 3, 5-monophosphate
production in isolated preovulatory rat follicles. Biol
Reprod, 39:213-220.
Trzeciak WH, Schmi d CE, Si mpson E, Ojeda SR.
1986. Vasoactive intestinal peptide induces the
synthesis of the cholesterol side-chain cleavage enzy me
complex in cultured rat ovarian granulosa cells. Proc
Natl Acad Sci USA, 83:7490-7494.
Vaccari S, Latini S, Barberi M, Teti A, Stefani ni M,
Cani pari R. 2006. Characterization and exp ression of
different
pituitary
adenylate
cyclase-activating
polypeptide/vasoactive intestinal polypeptide receptors
in rat ovarian follicles. J Endocrinol, 191:287-299.
Vaudry D, Gonzalez BJ, Magali B, Pamantung TF,
Fontaine M, Fournier A, Vaudry H. 2000. The
neuroprotective effect of pituitary adenylate cyclaseactivating polypeptide on cerebellar granule cells is
med iated through inhibition of the CED3-related
cysteine protease caspase-3/CPP32. Proc Natl Acad Sci
USA, 97:13390-13395.
Vossler MR, Yao H, York RD, Pan MG, Ri m CS,
Stork PJS. 1997. cAMP activates MAP kinase and Elk1 through a B-Raf and Rap1- dependent pathway. Cell,
89:73-82.
Walton MR, Dragunow M. 2000. Is CREB a key to
neuronal survival? Trends Neurosci, 23:48-53.
Wang C, Leung A. 1983. Gonadotropins regulate
plasminogen activator production by rat granulosa cells.
Endocrinology, 112:1201-1207.

57

