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Abstract

Vasoactive intestinal polypeptide (VIP) stimulates estradiol and progesterone release from ovarian granulosa cells in vitro.

Very little information is available as to the role VIP plays in the control of steroid secretion during reproductive cyclicity and in

ovarian pathologies involving altered steroid secretion. In this study, we determined the involvement of VIP in regulating ovarian

androgen and estradiol release during estrous cyclicity and estradiol valerate (EV)-induced polycystic ovarian development in

rats. Our findings show that androgen and estradiol release from ovaries obtained during different stages of rat estrous cycle

mimic cyclic changes in steroid release observed in vivo with maximal release occurring during late proestrus. VIP increased

androgen release from ovaries of all cycle stages except late proestrus and estradiol release from all cycle stages. Increases in

VIP-induced androgen and estradiol release were maximal at early proestrus. Inclusion of saturating concentrations of

androstenedione increased magnitude of VIP-induced estradiol release at diestrus and estrus but not proestrus. Magnitude of

VIP-induced androgen and estradiol release tended to be greater in the ovaries from EV-treated rats with polycystic ovary

compared with estrous controls. At the tissue level, ovarian VIP concentration was cycle stage dependent with highest level seen

in diestrus. Maximum concentration of VIP was found in EV-treated rats. Changes in VIP were inversely related to changes in

ovarian nerve growth factor, a neuropeptide involved in ovarian androgen secretion. These results strongly suggest that

intraovarian VIP participates in the control of estradiol secretion during the rat estrous cycle and possibly in the maintenance of

increased ovarian estradiol secretory activity of EV-treated rats.
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Introduction

The ovary, in addition to the endocrine and intraovarian
control, is regulated by direct neural inputs of both
catecholaminergic (Klein & Burden 1988, Burden 1998)
and peptidergic nature (Ojeda et al. 1989, Ojeda &
Urbanski 1994). Previous studies have found that
norepinephrine (NE) acts on b2-adrenergic receptors
present in theca and granulosa cells and stimulates
progesterone (P4) and androgens but not estradiol
secretion (Ojeda & Lara 1989). In contrast to NE,
vasoactive intestinal peptide (VIP), another neuropeptide
found in ovarian nerves, stimulates estradiol and P4
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release from cultured granulosa cells and whole ovaries
in vitro (Davoren & Hsueh 1985, Ahmed et al. 1986), P4

release in vivo (Fredericks et al. 1983), and androgen
release from ovarian fragments 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 complex (Trzeciak et al. 1986), the
rate-limiting step in P4 biosynthesis and the activity of the
aromatase enzyme complex (George & Ojeda 1987). In
addition, in the neonatal ovary, VIP also induces follicle-
stimulating hormone (FSH) receptor and aromatase
mRNA and protein expression several days before the
ovary becomes responsive to gonadotropins (Mayerhofer
DOI: 10.1530/rep.1.01214

Online version via www.reproduction-online.org

Downloaded from Bioscientifica.com at 08/08/2022 01:46:03PM
via free access



148 C Parra and others
et al. 1997). These findings suggest that VIP may play a
vital role in the acquisition of cyclic ovarian function.

Although existing evidence suggests a role for VIP in
the control of ovarian steroidogenesis, it is unclear to
what extent VIP is involved in the maintenance of the
cyclic steroid production. If VIP as a neuropeptide
participates in cyclic steroid production, the activation
of VIPergic nerves is likely to be cyclic in nature and/or
the sensitivity of the ovary to VIP will change with stage
of reproductive cycle or development of ovarian
pathologies. Previously, we found an increase in
norepinephrine-dependent androgen and P4 secretion
and a norepinephrine-independent estradiol secretion
from estradiol valerate (EV)-induced polycystic ovaries in
rats (Rosa-E-Silva et al. 2003). A possibility to consider is
that VIP, because of its ability to stimulate estradiol
secretion from the ovary, may be responsible for the
observed increase in estradiol production in this model
of ovarian pathology. In this study, we tested the
hypothesis that VIP content and/or ovarian sensitivity to
VIP are positively related to changes in ovarian
androgens and estradiol release during the rat estrous
cycle and the development of EV-induced polycystic
ovarian development.
Materials and Methods

Animals

Virgin adult cycling Sprague–Dawley rats (200–220 g,
60G5 days of age) were obtained from a stock
maintained at the University of Chile. They were allowed
free access to pelleted food and tap water and were
housed two rats per cage under controlled temperature
(22 8C) and photoperiods (lights on from 0700 to
1900 h). Only animals exhibiting regular 4-day estrous
cycles (monitored by daily vaginal smears obtained
between 1000 and 1200 h from 60 to 120 days of age)
were used in these studies. Three sets of studies were
undertaken. The first set of studies were carried out when
the rats were approximately 4-month old and focused on
VIP regulation of ovarian androgen and estrogen
secretion during the rat cycle. Androgen and estrogen
release from ovaries procured at various time points
during the rat estrus cycle (diestrus (DII), nZ6; early
proestrus (EP), nZ5; late proestrus (LP), nZ6; and estrus
(E), nZ5) were examined both in the absence or
presence of 10K4 M saturating concentration of andros-
tenedione. The choice of androstenedione was based on
earlier studies that found inclusion of increasing
concentrations of androstenedione increases estradiol
in a dose-dependent manner (Hillier & De Zwart 1981,
Adashi & Hsueh 1982). Saturating levels of androstene-
dione were used to overcome any reduction in substrate
availability and to gain a preliminary understanding of
aromatase availability. The difficulty associated with
precisely timing metestrus, as it lasts less than a day in
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our group of rats, precluded us from including this stage
of the estrous cycle in this study.

The second study addressed the effects of VIP on
androgen and estrogen release from polycystic ovaries of
EV-treated rats (nZ5). Rats were injected with 2 mg EV
on day 60G5 of postnatal life and studied 60 days later.
In previous studies, we have demonstrated that this
mode of treatment leads to polycystic ovarian
morphology, persistent estrus condition accompanied
with increased circulating estradiol levels (Brawer et al.
1986, Lara et al. 1993), and hypersecretion of androgens
and estradiol from ovaries incubated in vitro (Brawer
et al. 1986, Barria et al. 1993, Lara et al. 1993,
Rosa-E-Silva et al. 2003). Anovulation combined with
hyperandrogenism and/or polycystic ovaries are features
reflective of women with poly cystic ovary syndrome
(PCOS) (Rotterdam consensus 2004). Since EV-treated
rats are in constant estrus as monitored by daily vaginal
lavages, estrus females (nZ5) of similar age were studied
in parallel as controls. Five other EV-treated animals
were processed for ovarian morphology to establish if
the EV-treatment generated the expected phenotype.

The third study determined cyclic changes in ovarian
concentrations of VIP, NE, and nerve growth factor (NGF)
in DII, EP, and E rats and compared it with that of
EV-treated rats (nZ5/treatment group). With the excep-
tion of LP rats, which were killed at 1700 h, all other
animals were terminated between 1000 and 1200 h. After
decapitation, ovaries were rapidly removed; those
intended for measuring in vitro steroid release were
immediately transferred to Krebs-bicarbonate buffer;
those for VIP, NE, and NGF content were frozen at
K80 8C. Since preliminary experiments showed no
differences in measures of NE and VIP between the left
and the right ovary, we used one ovary for NE and the
other for VIP determination. To correlate the changes in
the capacity of the ovary to release steroids by VIP or NE,
we analyzed both neurotransmitters in the ovary as well
as of NGF, the neuropeptide involved in the development
of the NE-induced hyperandrogenic condition during
polycystic ovary. All animal procedures were performed
using protocols previously approved by the Institutional
Ethic Committee of Faculty of Chemical and Pharma-
ceutical Sciences, Universidad de Chile and experiments
were conducted in accordance with the International
Guiding Principles for Biomedical Research.
Steroid response to VIP stimulation

Ovaries were halved and incubated in 2 ml Krebs–
Ringer bicarbonate buffer (pH 7.4), for 3 h at 37 8C as
previously described (Barria et al. 1993). The ovaries
were incubated in the absence (one ovary) or presence of
10K6 M VIP (Sigma Chem. Co; one ovary). The
concentration of VIP was chosen to produce maximal
estradiol secretion from the rat ovary, on the basis of
previous studies (Ahmed et al. 1986). The incubation
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time was chosen from preliminary studies to be in the
linear phase of release. Androgen (A) and estradiol
released into the incubation medium were measured by
previously described radioimmunoassays (Barria et al.
1993). The sensitivity, intra-, and interassay coefficient of
variation of the estradiol assays were 3.9 pg, 7, and 12%
respectively. Cross-reactivity of androstenedione in
estradiol assay is !0.001% (England et al. 1974). The
sensitivity, intra-, and interassay coefficient of variation
of the androgen assay were 1.5 pg, 5, and 9%
respectively. Since the antiserum employed (GDN-250)
not only detects testosterone but also cross-reacts with
5a-dihydrotestosterone, the values are reported as
androgen (Advis & Ojeda 1978).
Biochemical measures

One ovary of each rat was used for NGF determination
and the other was used for VIP and NE content. NE and
NGF measurements were undertaken as positive con-
trols to confirm previous findings of sympathetic input.

NGF quantification

The NGF E-max Immunoassay system (Promega) was
used to quantify ovarian NGF content as previously
described (Dissen et al. 2000, Dorfman et al. 2003). The
ovaries were weighed, homogenized in 1:4 Dulbecco’s
PBS (pH 7.35), and centrifuged for 15 min (13 000 r.p.m.).
ELISA 96-well plates were coated overnight at 4 8C with
anti-NGF polyclonal antibody (pAb; 1:1000; 100 ml/well).
Following day, the plates were washed and incubated at
room temperature (RT) for 1 h with block and sample
buffer. Ovarian samples (50, 100, and 200 ml adjusted to a
final volume of 200 ml) were added to each well and the
plate incubated for 6 h. The plates were then washed and
incubated overnight at 4 8C with anti-NGF mAb and they
were again washed and incubated with anti-rat IgG–HRP
(horse radish peroxidase) conjugate for 2.5 h at room
temperature. After this incubation, TMB One solution
(tetramethylbenzidine and the peroxidase substrate) was
added to each well, and the plates were shaken for
5–10 min at RT; adding 1 M hydrochloric acid to the wells
terminated the reaction. The optical density of the
reaction product was read on a microplate reader at
450 nm and the values were normalized per milligram of
tissue assayed.

NE determination

The other ovary was homogenized in 200 ml of 0.1 M
acetic acid. The homogenate (10 ml) was precipitated
with 180 ml 0.2 M HClO4 and centrifuged (15 000 g,
15 min). The supernatant was used for NE determination
by HPLC with electrochemical detection (Dorfman et al.
2003). A 150 ml sample was mixed with 50 mg activated
alumina in 1 ml Tris 1.5 M (pH 8.3–8.5) and 2% EDTA.
Dihydroxybenzyl amine (DHBA, 2000 pg in 20 ml) was
www.reproduction-online.org
added as an internal standard. The alumina was rinsed
thoroughly with nanopure water and NE was eluted with
100 ml of 0.2 M perchloric acid and centrifuged; 20 ml
resulting supernatant was injected into a Waters HPLC
system with a C18 reverse phase column (Lichrosphere,
60 RP-Select B, Merck) and an electrochemical detector
(Waters 464). The mobile phase contained 0.1 M
NaH2PO4, 0.42 mM octyl sulfate, 0.02% EDTA, and
1.5% acetonitrile (pH 2.5) with a flow rate of 0.9 ml/min.
The potential of the amperometric detector was set at
0.7 V. Under these experimental conditions, the reten-
tion time was 4 min for NA and 10 min for the DHBA
used to correct for procedural recovery.

VIP determination

The remaining 190 ml homogenate from the above was
boiled at 100 8C for 10 min, centrifuged (15 000 g,
10 min), and 100 ml supernatant were transferred to a
polystyrene tubes evaporated to dryness in a vacuum
centrifuge. The residue was dissolved in RIA buffer
and VIP measured with an RIA kit from Peninsula
Laboratories, Inc. (Belmont, CA, USA). The sensitivity,
intra-, and interassay coefficient of the VIP assay
averaged 5 pg, 2.3, and 7.1% respectively.
Statistical analysis

Data from each study were analyzed by one-way
ANOVA followed by Fischers’ test statistic. The effect
of VIP at each cycle stage was compared by paired t-test.
Appropriate transformations were applied when data
were not normally distributed. P value of 0.05 was
considered to be significant.
Results

Cyclic changes in ovarian androgen and estradiol
responses to VIP

The androgen output from ovaries obtained from various
stages of estrous cycle, in the absence or presence of VIP
is summarized in Fig. 1 (top panel). Ovaries incubated in
the absence of VIP showed the expected cyclic changes
in androgen (open bars). Maximal basal release of
androgen was achieved during LP. VIP increased
androgen production during DII, EP, and E but not LP.
The magnitude of VIP-induced androgen release
(increase over baseline) was greatest at EP (2.45-fold)
than at DII (0.83) and E (0.54). Cyclic changes in
estradiol output from the same ovaries are presented in
the bottom panel of Fig. 1. VIP increased estradiol
release from ovaries collected at DII, EP and LP, and
E. Magnitude of VIP-induced estradiol release was
highest during EP (2.51-fold increase over corresponding
baseline) compared with other cycle stages.

Figure 2 summarizes results from studies that
addressed if cyclic differences in maximal production
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Figure 1 Androgen (left panel) and estrogen (right panel) release from
ovaries collected during various stages of the rat estrous cycle both in
the absence and presence of VIP. Each bar represents the meanGS.E.M.
of five to six independent measurements. Differing letters show
significant differences between cycle stages. Within cycle stage,
significant VIP response is indicated by an apostrophe.
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of VIP-induced estradiol release were a function of
differences in availability of androgen, the estradiol
precursor. In general, basal release of estradiol was
higher from ovaries incubated in the presence of
saturating concentrations of estradiol precursor D4-
androstenedione relative to those incubated in its
absence (Fig. 1 versus Fig. 2). VIP increased estradiol
release at all three-cycle stages studied (LP ovaries were
Figure 2 Estrogen release in the presence of saturating concentrations of
androstenedione, from ovaries collected during three different stages
of the rat estrous cycle both in the absence and presence of VIP. Each
bar represents the meanGS.E.M. of five to six independent measure-
ments per group. Differing letters show significant differences between
cycle stages. Within cycle stage, significant VIP response is indicated
by an apostrophe.
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inadvertently left out from this test). VIP induced a 2.92-
and 3.98-fold greater estradiol release from diestrus and
estrus ovaries, when incubated in the presence of the
precursor. This was higher than the amount released in
the absence of substrate (0.83- and 0.54-fold, Fig. 1).
Reflective of the increased basal estradiol release in the
presence of the substrate, the magnitude of VIP-induced
estradiol release from EP ovaries was lower (1.11-fold as
opposed to 2.51 in the absence of substrate).
Effects of VIP on androgen and estradiol release from
polycystic ovaries induced by EV treatment

Cyclic activities of five control and five EV-treated rats
from which ovaries were removed for testing effects of
VIP are summarized in Fig. 3 (left panel). As expected,
control rats showed repetitive cycles. The EV-treatment,
as reported earlier (Barria et al. 1993, Rosa-E-Silva et al.
2003), resulted in severe cycle disruption with majority
remaining in persistent estrus. The ovarian morphology
of two control rats during estrus and two EV-treated rats
studied in parallel is shown in Fig. 3 (right panel).
Ovaries of EV-treated rats exhibited characteristic
polycystic ovarian morphology, as reported earlier
(Barria et al. 1993, Rosa-E-Silva et al. 2003). There
were no statistical differences in basal release of
androgen or estrogen from control estrus and EV-treated
rats (Fig. 4, top panel). VIP increased release of androgen
and estrogen from ovaries of both estrus and EV-treated
rats. VIP-induced release of androgen in EV-treated rats
tended to be higher (PZ0.07) when compared with that
of estrous controls. Similarly, magnitude of VIP-induced
estradiol also was marginally higher (PZ0.057) in
ovaries obtained from EV-treated rats (3.62-fold) as
compared with the response of estrus rats (2.74).
Figure 3 Effect of prepubertal administration of EV on estrous cyclicity.
The panels on the left show estrous cycle patterns between 60 and
120 days of age from the five control and five EV-treated rats used in the
ovarian studies (Figs 4 and 5). The panel on the right shows
representative ovarian morphology from two control estrus and two
EV-treated rats that were studied in parallel to confirm estrus cycle
defects and development of polycystic ovarian morphology. Bar
corresponds to 1 mm.
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Figure 4 Effect of EV administration on ovarian secretion of androgens
(right panel) and estradiol (left panel) in the absence and presence
of VIP. The ovaries of control rats were obtained during estrus. Each bar
represents the meanGS.E.M. of five independent observations per group.
Differing letters show significant differences between estrus and
EV-treated rats. Within groups, significant VIP response is indicated by
an apostrophe.
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Changes in ovarian NE, VIP, and NGF concentration
during the rat estrus cycle and following EV treatment

The changes in ovarian concentrations of VIP, NE, and
NGF, the growth factor responsible for growth and
maintenance of autonomic nerves, during the rat estrous
cycle and the EV-treated rats are summarized in Fig. 5. As
we previously reported (Ferruz et al. 1991), ovarian NE
concentrations were similar across estrus cycle stages
but higher in EV-treated rats. Ovarian VIP concentrations
varied with cycle stage, being highest during diestrus and
declining during transition from diestrus to proestrus. VIP
levels did not decline further during estrus. Highest
levels of VIP were found in EV-treated rats. As expected,
NGF levels varied during rat cycle were inversely related
to that of VIP with lowest levels found during DII and
increasing at EP. NGF levels of EV-treated rats were
similar to that of estrous females.
Discussion

Findings from this study clearly document that VIP has
stage-specific effects on ovarian steroid secretion during
the rat estrous cycle and changes in ovarian VIP during
Figure 5 Changes in the concentrations of NE, VIP, and NGF in the
ovary of rats obtained from various cycle stages and EV-treated rat. Each
bar represents the meanGS.E.M. of five independent observations per
group. Note for NGF measurements in EV-treated group, a second set of
ovaries from estrus rats were used as controls. For each measure,
differing letters indicate significant differences.
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the rat estrous cycle are consistent with a role for VIP in
ovarian steroidogenesis. Furthermore, increased pro-
duction of VIP may underlie increased ovarian capacity
of EV-treated rats to produce estradiol, in the face of
reduced circulating levels of FSH (reported previously;
Brawer et al. 1986, Rosa-e-Silva et al. 2003).
VIP and cyclic steroid production

With the exception of pathologies where peripheral
conversion could be predominant (Zayed et al. 1994),
the main source of circulating estradiol is the ovary.
Findings from this study document that estradiol
secretion from ovarian fragments incubated in vitro
parallel changes in circulating estradiol levels that occur
in vivo during the rat estrous cycle (Freeman 1994),
documenting the validity of the in vitro model system
used. For example, the increase in estradiol secretion
from ovarian fragments obtained at proestrus paralleled
the increase in steroid biosynthetic capacity of the ovary
that occurs during the periovulatory period in rats that is
responsible for the generation of the LH surge (Freeman
1994). The changes in cyclic androgen production from
ovarian fragments incubated in vitro are also consistent
with androgen serving as a precursor for estrogen
biosynthesis. In support of this, maximal androgen
release occurred from ovarian fragments concomitantly
with the maximal increase in estradiol production,
which occurred from ovaries obtained during EP.

Consistent with a stimulatory role for VIP in estradiol
production, the LP increase in basal estradiol production
was preceded by (1) an increase in ovarian levels of VIPat
DII and (2) increased capacity of VIP to maximally induce
estradiol release. The effect of VIP in stimulating androgen
secretion from DII, EP, and E ovaries may be reflective of
the ability of VIP to increase P450 SSC enzyme complex,
the rate-limiting enzyme in P4 biosynthesis (Trzeciak et al.
1986, Johnson et al. 1994). The maximal VIP-induced
releaseof androgen secretion occurred from the EPovaries,
thecyclestagewhere theactivityof SSCcomplex is limiting
to induce a large spontaneous increase in ovarian
androgen release (Freeman 1994). Consistent with this
concept, VIP did not affect androgen release from ovarian
fragments of LP rats, the cycle stage where maximal
activity of SSC complex is present (Ahmed et al. 1986).

VIP’s ability to stimulate estradiol biosynthesis
throughout the estrous cycle, albeit in cycle specific
manner, may also be related to its ability to stimulate
P450 aromatase enzyme complex (George & Ojeda
1987). Time-course studies carried out incubating rat
ovaries for 1, 2, and 3 h produced a linear increase in
estradiol secretion as a function of increasing incubation
time (not shown). This combined with the fact that
steroids are secreted as soon as they are biosynthesized
and cyclic changes in ovarian estradiol production are
mimicked in in vitro incubation studies suggest that the
Reproduction (2007) 133 147–154
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response is specific and likely to involve increased
aromatase activity.

Increased basal release of estradiol from ovaries
obtained from all stages of the cycle following inclusion
of saturating concentrations of androstenedione suggests
that, under the in vitro conditions used, the levels of
aromatase may not be limiting and the rate-limiting step
may be the availability of estrogen substrate, androgen.
This also implies that the capacity of VIP to stimulate
estradiol production may be secondary to increased
production of androgen and availability of aromatase.
The changes in ovarian levels of VIP are also consistent
with its stimulatory role in estradiol biosynthesis.
The marked decrease in ovarian VIP content between
DII and EP may reflect increased release of the peptide
from the ovary.

The effects of VIP in increasing estradiol secretion may
be mediated through increased aromatase biosynthesis
or increase in specific activity of the aromatase enzyme,
both of which are not mutually exclusive. An increase in
aromatase activity is predicted by the potentiating effect
of VIP on estradiol secretion during LP, when there is no
effect of VIP on androgen secretion. An increase in
specific activity of the aromatase enzyme or increased
availability of aromatase is predicted by VIP-induced
increase in estradiol secretion under saturating concen-
tration of D4-androstenedione, the substrate for estradiol
biosynthesis. Earlier studies have provided evidence that
VIP is capable of inducing aromatase activity from
immature follicles prior to their acquisition of FSH
receptors (Mayerhofer et al. 1997). A possibility to
consider is that VIP induction of estradiol release during
the estrus cycle may also come from immature follicles.
If true, this would suggest that VIP plays a comp-
lementary role to that of FSH, the primary mediator of
estradiol biosynthesis, in determining the magnitude of
estradiol increase under varying physiologic conditions.
A role for VIP/pituitary adenylate cyclase-activating
peptide (PACAP) in follicular development has also
been recently proposed from studies in mouse (Cecconi
et al. 2004). Since both peptides occupy the different
VIP/PACAP receptor subtypes with the same affinity
(Igarashi et al. 2002), it is difficult to distinguish specific
effects of VIP on the receptor population from PACAP
effects. As such no measures of VIP receptors were
undertaken.
Changes in ovarian VIP

VIP containing nerve fibers within the ovary have been
localized in sympathetic nerves fibers originating in
paravertebral ganglia that travel through the superior
ovarian nerve to the ovary (Klein & Burden 1988). In the
ovary, these fibers were found to be associated with
blood vessels, ovarian stroma, and primordial and antral
follicles (Dees et al. 1986, Klein & Burden 1988).
Evidence exists to document the presence of VIP mRNA
Reproduction (2007) 133 147–154
in the rat ovary (Gozes & Tsafriri 1986). Later studies
with bovine ovaries suggest granulosa cells as also a
probable site of biosynthesis of VIP (Hulshof et al. 1994).

Since the cyclic intraovarian VIP changes occurred
every 4 days, it is unclear to what extent changes in VIP
transcription/translation occurring at the cell body of
VIPergic neurons located at the celiac ganglion account
for these changes. A possibility to consider is that at least
a fraction of the VIP regulation of estradiol release
involves changes in locally produced VIP (Gozes &
Tsafriri 1986, Hulshof et al. 1994). From a regulatory
perspective, it is difficult to compare levels of VIP used
(10–6 M; w3700 ng/ml) in the in vitro studies with
ovarian tissue levels of VIP (w150 pg/ovary). Consider-
ing that nerve terminals and granulosa cells produce VIP,
VIP levels must be several orders of magnitude higher at
the granulosa cell level (granulosa compartment con-
stitutes a very small portion of the whole ovary).

The inverse relationship between intraovarian NGF
and VIP throughout the estrous cycle and the fact that
NGF blocks the expression of VIP mRNA in many tissues
(Zigmond & Sun 1997, Brodski et al. 2000, Helke &
Verdier-Pinard 2000) suggest that locally produced VIP
may be in turn regulated by neural-derived NGF. If the
intraovarian VIPergic system becomes active between
DII and PE, when follicular selection and dominance is
achieved, it is suggestive of functional complementa-
rities between peptidergic input and noradrenergic
innervation similar to that demonstrated previously for
activation of NE system between PE and E (Ferruz et al.
1991). The decrease in ovarian VIP between DII and EP
could be the result of depletion from increased release of
the neuropeptide before proestrus into the ovary. This
appears highly likely, because neuropeptides (source of
VIP content) are not synthesized at nerve terminals that
innervate the ovary (Lundberg 1996). The low concen-
trations of the peptide precluded us from determining the
release pattern of the peptide during the different stages
of the estrous cycle.
VIP- and EV-induced polycystic ovaries

In addition to the role VIP plays in regulating cyclic
androgen and estradiol production, the tendency of VIP
to increase androgen and estradiol production from
ovaries of EV-treated rats compared with ovaries from
estrus rats suggest a potential role for VIP in the
development of the ovarian pathology in this model.
Since granulosa cell compartment is also the site for VIP
biosynthesis (Hulshof et al. 1994) and the ovarian cysts
seen in EV-treated rats have reduced granulosa cell layers
(Brawer et al. 1986, Lara et al. 2000), the similar
intraovarian level of VIP in EV-treated and estrus rats may
be reflective of increased innervation of the polycystic
ovaries of the EV-treated rats. However, before establish-
ing a role for VIP in the initiation of ovarian pathologies,
detailed studies at individual follicle levels are required.
www.reproduction-online.org

Downloaded from Bioscientifica.com at 08/08/2022 01:46:03PM
via free access



VIP regulation of ovarian steroids 153
Earlier finding that VIP cannot induce luteinizing
hormone receptors (Davoren & Hsueh 1985) is consist-
ent with failure of cystic follicles of EV-treated rats to
achieve dominance. If a role for VIP in induction of
polycystic ovaries can be established, these findings may
have relevance to the follicular arrest seen in women
with PCOS. EV-treated rats share several attributes of
women with PCOS, namely anovulation, polycystic
ovarian morphology, and a tendency for increased
androgen production (Rotterdam consensus 2004).

In summary, cyclic changes in ovarian VIP concen-
trations and the capacity of VIP to increase androgen
and/or estradiol secretion during the estrous cycle
and from polycystic ovaries induced by EV strongly
suggest a physiological role for this peptide in ovarian
steroid biosynthesis.
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