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Abstract

OBJECTIVE: VIP and PACAP, two structurally related peptides, stimulate c
AMEP steroidogenesis and progesterone (PROG) release from cultured rat
granulosa cells. VIP and PACAP3g are known to mimic the effects of f-adren-
ergic receptor stimulation in the rat pinealocytes causing an increased mela-
tonin synthesis. These effects were markedly potentiated by o, adrenergic
receptor stimulation.

METHODS: We examined the influence of phenylonephrine (PHEN) (104 M and
105 M)-o, adrenergic receptor agonist and fenoterol (FEN) (10 M)-B, adren-
ergic receptor agonist on PROG accumulation stimulated by VIP (106 M) and
PACAP (107 M) in cultured ovarian granulosa cells of cyclic rats (diestrus)
after 2 h and 24 h incubation. The PROG concentrations in supernatants
were measured with RIA tests.

RESULTS: VIE PACAPs, PHEN and FEN stimulated PROG accumulation
after 2 h incubation. The PROG accumulation stimulated both by FEN and
VIE and by FEN and PACAP33 was not additive. PROG accumulation stimu-
lated by VIP and PACAP33 was strongly potentiated by PHEN-o, adrenergic
agonist.

CONCLUSION: The o, adrenergic potentiation of VIP and PACAP33 stimula-
tory effects on PROG release from granulosa cells culture was found. VIE
PACAP33 and B, adrenergic receptors activation may share the same postre-
ceptor mechanism. There exists simultaneous activation of different receptors
— peptidergic and adrenergic ones in cultured granulosa cells of adult cyclic
rat.
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Abbreviations and Units
VIP - Vasoactive Intestinal Peptide

PACAP - Pituitary Adenylate Cyclase Activating Polypeptide
PHEN - Phenylonephrine

FEN - Fenoterol

NE - Norepinephrine

FSH - Follicle Stimulating Hormone

LH - Luteinizing Hormone

PROG - Progesterone

mRNA - messenger Ribonucleic Acid

P450 scc - cytochrome P450 side chain cleavage enzyme

¢ AMP - cyclic Adenosine 37, 5° - Monophosphate
WKY - Wistar - Kyoto
GRF - Growth Hormone Releasing Factor
AG - Aminoglutethymide
PROP - Propranolol
PRAZ - Prazosin
ACT - Actinomycine D
e(G - equine Chorionic Gonadotropin
hCG - human Chorionic Gonadotropin
nM - milimol
M - Mol
RIA - Radioimmunoassay
h - hour

Introduction

It has been reported that in the rat, development
of the ovarian innervation preceedes the onset of fol-
liculogenesis and occurs before follicles acquire respon-
sivenness to gonadotropins, [1]. VIP [2,3] and norepi-
nephrine (NE) [4], the neurotransmitters contained
in ovarian nerves are present in the ovary before the
gland becomes responsive to gonadotropins and are
able to act on early follicles to facilitate the process
of molecular differentiation that leads to gonadotro-
pin dependency [5]. In the rat ovary both VIP and NE
act via specific receptors coupled to cAMP-generating
system, VIP through VIP receptor type 2 [6] VPAC 2
known as PVR 3 or PACAP typ 3 receptor [7] and NE
via f3,- adrenergic receptors [8, 9].

Pituitary gonadotropins (FSH, LH) are the most im-
portant hormones regulating different ovarian func-
tions. However, the studies on cultured granulosa cells
demonstrated the important intra- ovarian regulatory
role of several steroidal and nonsteroidal factors [10]
including neuropeptides and catecholamines. Previ-
ous studies demonstrated that VIP [11] and PACAP
[12, 13], members of glucagon/secretin structurally re-
lated peptides family, stimulate cAMP, steroidogenesis
and progesterone (PROG) accumulation in cultured
rat granulosa cells in the presence or absence of FSH.
These effects of maximally effective concentrations of
VIP and PACAP on progesterone secretion were not ad-
ditive [13]. The local ovarian synthesis of VIP is also
suggested by ability to detect VIP mRNA within rat
ovarian tissue [14]. VIP can regulate cytochrome P
450 cholesterol side-chain cleavage (P 450 scc) enzyme
gene expression (partially mediated through cAMP) in
granulosa cells from estrogen-primed immature rats
[15] and the synthesis of P 450 scc enzyme complex [16]
responsible for the first reaction in PROG biosynthesis
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[17,18]. The results suggest that the stimulatory effect
of VIP on ovarian PROG secretion involves regulation
of P 450scc gene expression during functional matura-
tion of the prepubertal ovary in the rat [15].

PACAP has been detected in the rat ovary by RIA
method [19]. It has been found recently that PACAP
is transiently expressed in steroidogenic ovarian cells
during periovulatory period in adult cyclic rats [20].
Moreover, PACAP secreted from these cells may induce
dose-dependent PROG accumulation suggesting that
PACAP could be an auto- or paracrine regulator of
periovulatory PROG synthesis in the rat ovary [21].
Recently the reverse-transcription polymerase chain
reaction with specific primers to the three cloned PA-
CAP-binding receptors called PAC 1, VPAC 1, VPAC
2 [22] demonstrated both PAC 1 and VPAC 2 mRNA
in extracts from preovulatory follicular cells in the rat
[23]. Both PAC 1 and VPAC 2 receptors are coupled
to adenylate cyclase [7,22,24,25]. PACAP3s, supposedly
interacting with both receptors, and VIPE interacting
predominantly with the VPAC 2 receptor, stimulated
cAMP production [23].

An important role of catecholamines in regulation of
ovarian steroidogenesis in the rat is confirmed by the
fact that there is the increased cAMP production and
PROG release after stimulation of 3, adrenergic recep-
tors in rat granulosa and luteal cells [8,9,26]. It has
been observed that cAMP accumulation in rat pinealo-
cytes by B adrenergic stimulation was potentiated by o,
adrenergic receptor activation [27]. The interactive site
for the o, and B adrenergic postreceptor interaction ap-
pears distal to the § adrenergic receptor [28]. The effect
of B agonists on the cellular cAMP accumulation can
be mimicked by VIP [29,30] and PACAP [31] which act
upon receptors different from the p adrenoreceptors.
Alpha 1 adrenergic potentation of melatonin biosyth-
esis stimulated by VIP [31, 32] and PACAP [31, 32] is
also well documented [33]. It seems that these interac-
tions may be not restricted only to the pineal gland of
the rat but may also occur in ovarian granulosa cells.
A partial preliminary report of these findings has ap-
peared recently [34].

The Aim

The aim of this study was to evaluate the effect of
phenylonephrine (PHEN) o, adrenergic agonist and
fenoterol (FEN) [, adrenergic agonist on PROG ac-
cumulation stimulated by VIP and PACAPss in rat
granulosa cells culture.

Material And Methods

Adult female Wistar-Kyoto (WKY) rats [220-250)
were used throughout this study. They were main-
tained at 25°C under controlled lighting conditions
(lights on at 07.00 h, lights off at 19.00 h), with food and
water ad libitum. Vaginal smears were performed to as-
sess the stage of estrous cycle; only animals exhibiting
two consecutive 4-day cycles were included in the study.
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The ovaries from WKY rats in diestrus were
collected under aseptic conditions and were
washed 20 min. with culture medium (RPMI
1640+0,1% Antibiotic Antimycotic solution).
Ovarian folicules were punctured with a 25
gauge needle. Obtained granulosa cells were
separated from adherent tissue by rubbing
through a sieve (mesh 50) and digested with
0,1% collagenase at 37°C for 30 min. Dis-
persed cells were washed three times with cul-
ture medium (RPMI 1640+10% FBS+0,5%
BSA+0,1% Antibiotic Antimycotic solution)
and then counted on hemocytometer. Viabil-
ity was estimated with trypan blue dye exlu-
sion. Granulosa cells were seeded in culture
medium in 24 -well culture plates (at density
of 2 x 10 3/1 ml) and cultured for 48 hours in a
humidified atmosphere of 95% air and 5% CO,
at 37°C. After that period the medium was re-
moved and the cells were cultured in culture
medium (RPMI 1640+0,1% Antibiotic Anti-
mycotic solution) supplemented with 25 hy-
droxy - cholesterol 10 pg/ml as exogenous
substrat [35] in the presence of different
substances in varying concentration — VIP,
PACAP (Sigma) VIP Antagonist ([Ac-Tyr!, D-
Phe?]GRF(1-29) amide) NEOSYSTEM), Ami-
noglutethymide 20 ug/ml Phenylonephine 10
M, Prazosin 10# M, Fenoterol 10 M, Pro-
pranolol 10# M, Actinomycine D 10 pg/ml
(SIGMA). Cell cultures were maintained for 2
h (short-term experiments) or 24 h (long-term
experiments). The method was based on the
conditions described previously by [33, 34, 35,
36, 37]. Culture supernatants were then de-
canted and stored until a hormone analysis.
Each assay condition was implemented in trip-
licate with an experiment, and each exper-
iment was perfomed two to six times. The
supernatant concentrations of PROG were de-
termined by RIA assays using kits (Orion Di-
agnostica, Finland). For the statistcal analy-
sis the unpaired Student’s T-test and analysis
of variance were used, as appropriate. The
data were expressed as the mean+ SEM and
the statistical significance was accepted at
p<0.05.

All experimental procedures were approved
by the First Warsaw Ethic Committee for Ex-
periments on Animals (created at the M. Ne-
ncki Institute of Experimental Biology, the
Polish Academy of Sciences).

Results

Short-term experiments

During 2 h incubation VIP and PACAP3s
stimulated PROG accumulation in rat grano-
losa cells culture in dose - dependent manner

(Fig 1, Tab 1). The stimulatory effects were found at 107 M
concentration of VIP and PACAPsgand at 106 M VIP concen-
trations of VIP. FEN-J, adrenergic agonist and PHEN o, ad-
renergic stimulated PROG accumulation as compared with the
control cultures (P<0.05, P<0.05 respectively) (Fig 2, Tab 2, Fig
3, Tab 3). FEN-J, adrenergic agonist and propranolol (PROP) 8
adrenergic receptor antagonist did not change PROG accumula-
tion stimulated by VIP (Fig 2, Tab 2) and PACAP35 (Fig 3,Tab 3).
The additive effect of PHEN-o,, adrenergic receptor agonist on
PROG accumulation stimulated by VIP (Fig 2, Tab 2) was not
observed in the presence of PACAPsg (Fig 3, Tab 3).

VIP antagonist ([Ac-Tyr!, D-Phe?]GRF(1-29) amide) had no
effect on PROG accumulation stimulated by VIP even in 100 -
fold excess. PROG accumulation stimulated by VIP (Fig 2) and
by PACAPsg (Fig 3, Tab 3) was inhibited in the presence of AG.

Long-term experiments

During 24 h incubation VIP and PACAP3g stimulated PROG
accumulation in dose dependent manner (Fig 4, Tab 4). The
stimulatory effects were found at 107 M, 10-® M concentration
of VIP and 108M, 10" M of PACAPxg.

In the control conditions PHEN stimulated PROG accumu-
lation (P<0.0001) and the response was inhibited in the pres-
ence of prazosin (PRAZ) o, adrenergic receptor antagonist (Fig

nM PROGESTERONE
10 4

10-7M 10-6M

[E=] PACAP 38

10-9M

CONTROL 10-8M

Fig. 1 Il VP

Fig. 1. and Table 1. The effects of VIP and PACAPss on PROG
accumulation in rat granulosa cells culture (after 2 h incubation).
Asterisks indicate significant differences compared to the control * p
<0.05, ** p<0.01

PROG VIP (M) PACAPs3 (M)
nM  [CONTROL | 10° 10% 107 10° 107 10 1077
MEAN | 3.76 4.23  4.26 5.84 6.54 | 4.12 4.62 7.54
SD 0.52 0.98 0.98 1.12 0.93 | 0.59 0.97 1.11
n 18 9 12 15 15 12 12 18
SEM 0.18 0.32 0.28 0.29 0.24 | 0.17 0.28 0.26
CONTROL v.s VIP 10 M p<0.01
CONTROL v.s VIP 1077 M p<0.05
CONTROL v.s PACAP;3 1077 p<0.01
Neuroendocrinology Letters ISSN 0172-780X Copyright © 2002 Neuroendocrinology Letters 143



Elzbieta Wasilewska-Dziubifiska, Monika Borowiec, Magdalena Chmielowska, Ewa Wolifiska-Witort & Boguslawa Baranowska

nM
15 -

PROGESTERONE

* %

12

A B C D E F G H 1

VIP 106 M
A - CONTROL, B-FEN105M, C-PHEN 104 M, D -VIP,
E - VIP+FEN 105M, F - VIP+PROP 104M, G - VIP+PHEN 10%M, H - VIP+AG,
I - VIP+VIP Antagonist 10"4M

Fig. 2

Fig. 2. and Table 2. The effect of Fenoterol (FEN) 10>M Phenylonephrine
(PHEN) 10"*M on VIP 107° M stimulated PROG accumulation in rat granulosa
cells culture. (after 2 h incubation)

Asterisks indicate significant differences compared to the control

*p<0.05 ** p<0.001

PROG Control FEN PHEN VIP VIP+ VIP+ VIP+ VIP+ VIP+
nM PROP FEN PHEN AG Antagonist
MEAN  3.76 6.41 5.26 6.54 6.81 6.40 14.79 4.16 7.31

SD 0.52 1.00 0.92 0.93 0.72 1.02 2.12 0.58 0.85

n 18 12 9 15 9 12 9 12 9

SEM 0.18 0.29 0.30 0.24 0.24 0.29 0.71 0.17 0.28
CONTROL v.s FEN p<0.05 VIP v.s VIP + AG p<0.05

CONTROL v.s PHEN p<0.05 VIP v.s PHEN p<0.001

CONTROL v.s VIP p<0.05

5, Tab 5). PRAZ had no effect on PROG accumulation stimulated
by VIP. PROG accumulation stimulated by VIP and PACAPsg
was potentiated by PHEN and it was inhibited in the presence of
AG (Fig 5, Tab 5).

Actinomycine D (ACT) — an inhibitor of RNA synthesis and AG
diminished PROG release in the presence of VIP and PACAP3g
(Fig 5, Tab 5). Stimulated by VIP and PHEN as well as by
PACAP35 and PHEN, PROG accumulation was inhibited by AG
(Fig 5, Tab 5).

Discussion

It is well known that biosynthesis and secretion of ovarian ste-
roid hormones throughout the rat estrus cycle occur in a highly
episodic and coordinated fashion that requires precise regulation
at cellular level. Our experiments were performed on granulosa
cells harvested from adult cyclic rats in diestrus phase of estrus
cycle. The 25-hydroxycholesterol in concentration recommended
as sufficient to maximal enhancement of progestins secretion
[35] was used as an effective exogenous substrate for the study
of steroidogenesis [35]. The rate-limiting step in biosynthesis of
all steroid hormones is the rate of movement of cholesterol to the
side-chain cleavage enzyme complex on the inner mitochondrial
membrane [41]. It has been supposed that 25-hydroxycholes-
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terol may bypass the rate-limiting process of
cholesterol movement to the side-chain cleav-
age enzyme and allowing for measurements
of maximal rates of steroidogenesis in vitro
[35]. However, other hydroxylated cholesterol
derivatives are used to monitor P 450 scc ac-
tivity in vitro [42]. In our experiments in the
presence of 25-hydroxycholesterol VIP and
PACAP3; stimulated PROG accumulation in
dose-dependent manner. PACAPsg has been
shown to be more potent than VIP in stimu-
lation of steroidogenesis as it was observed
in cultured granulosa cells obtained from es-
trogen-treated immature rats [12, 13] and
eCG/hCG-treated rats [23]. The findings that
PACAP35 was more potent than VIP in the
stimulation of PROG accumulation in our ex-
periments and in the stimulation of cAMP
production in rat granulosa cells observed
by others [13] could indicate the predomi-
nant presence of PAC 1 receptors in the rat
granulosa cells, as it has been described in
other cell types [43]. However, our results
can also be reconciled by the concept that
PACAP3; receptors are located on most, if not
all granulosa cells [13] and the VIP receptor
on a subpopulation of granulosa cells [44]. As
it was mentioned in the introduction VIP can
regulate expression of cytochrome P 450 scc
mRNA in the rat granulosa cells. [15] and
P 450 17 alfa-hydroxylase mRNA in the hen
granulosa cells [45] and can induce a synthe-
sis and activation of P 450 scc enzyme com-
plex [16]. VIP stimulated PROG synthesis
in cultured rat granulosa cells in association
with the increased pregnenolone production,
the increased rate of conversion of pregnen-
olone to PROG via 3B-hydroxysteroid de-
hydrogenase, and the decreased metabolism
of PROG via 200-hydroxysteroid dehydro-
genase [11]. Thus PROG accumulation in-
duced by VIP involves selective modulation of
key steroidogenic steps concerned with both
PROG formation and degradation. However,
the cellular mechanism of PACAP3g stimula-
tory effect on PROG secretion is not known
yet but it seems to be similar to VIP stimula-
tory effect because there is only one possibil-
ity of pregnenolone and PROG synthesis in
the granulosa cells and the rate-limiting re-
action in PROG synthesis in the ovary is the
conversion of cholesterol to pregnenolone. AG
—the P 450 scc enzyme inhibitor added to the
culture medium inhibited VIP and PACAPss
PROG accumulation in short-term and long-
term incubation in similar manner. This sup-
ports the possibility of similar activation by
VIP and PACAP35 P 450 scc enzym complex



activity in granulosa cells. Inhibition of
PROG accumulation stimulated by VIP
and PACAP3gin long-term incubation in
the presence of ACT an inhibitor of RNA
synthesis was stated. This indicates that
accumulation of PROG synthetized from
exogenous 25 hydroxycholesterol stimu-
lated by VIP and PACAP in our long-term
experiments requires a new RNA syth-
esis as it was mentioned earlier [17].

The putative VIP antagonist ([Ac-
Tyr!, D-Phe?] GRF(1-29) amide) which
inhibits VIP binding to rat and hamster
pancreatic membranes [46] failed to af-
fect PROG accumulation stimulated by
VIP in ovary granulosa cells. In the sim-
ilar manner, the same VIP antagonist
had no effect on melatonin synthesis
stimulated by VIP and PACAPgs in rat
pineal gland [32].

Our observations that PROG produc-
tion stimulated by activation of PACAB
VIP and 3, adrenergic receptors is not ad-
ditive suggest that PACAF, VIP and [3,ad-
renergic receptors may share the same
postreceptor mechanism. The o, adren-
ergic potentiation of VIP and PACAP3s
stimulatory effects on PROG release
from granulosa cells culture is similar
in our experiments to adrenaline and
NE augmentation of androgenes synthe-
sis observed in ovarian theca interstitial
cells [47]. It has been also observed that
in the rat luteal tissue adenylate cyclase
was stimulated by PHEN, however, the
stimulatory effect of isoprotenerol was
the most effective [48]. The mechanism
of o;-adrenergic potentiation of VIP and
PACAP stimulatory effect on PROG ac-
cumulation in the granulosa cells re-
quires further investigating in this field.

Synergistic interactions between dif-
ferent receptors in regulating signal
transduction mechanisms are known to
occur in variety of tissue [49], including
the luteal cells [50]. It has been believed
that the best example for synergistic in-
teractions between adrenergic receptors
and receptors coupled to cAMP is the pi-
neal gland [49]. The o, adrenergic poten-
tiation of VIP and PACAP3g stimulatory
effects on PROG release from granulosa
cells observed by us is as important as
the above mentioned example. It seems
that adrenergic and peptidergic agents
which can regulate the secretory func-
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PROGESTERONE
nM
* * *
8 *
*

6 ¥

4

2

0 .

A B C D E F G H
PACAP 107 M

A - CONTROL, B-FEN 10> M, C-PHEN104M, D -PACAP38,
E - PACAP38+FEN 10M, F - PACAP38+PROP 1074M,
G - PACAP38+PHEN 104M,  H - PACAP38+AG
Fig. 2

Fig 3. and Table 3. The effect of FEN 10->M, PHEN 107“M on PACAPsg

1077 M stimulated PROG accumulation in rat granulosa cells culture (after 2
h incubation).

Asterisks indicate significant differences compared to the control * p <0.05

PROG Control FEN PHEN PACAPsg PACAP3z PACAP3g PACAP3g PACAPsg

nM +FEN  +PROP +PHEN  +AG
MEAN 3.76  6.41 5.26 7.54 7.73 8.00 7.36 4.15
SD 0.52 1.00 0.92 1.11 0.63 0.78 0.98 0.71
n 18 12 9 18 9 9 12 9
SEM 0.18 0.29 0.30 0.26 0.21 0.26 0.26 0.24
CONTROL v.s FEN p<0.05 PACAP;5 v.s  PACAPs3s + FEN N.S
CONTROL v.s PHEN p <0.05 PACAP;5 v.s  PACAPs33 + PROP N.S
CONTROL v.s PACAP3s  p <0.05 PACAP35 v.s  PACAP3s + PHEN N.S

PACAP33 V.S PACAP33 + AG p< 0.05

tion of rat granulosa cells, are also interdependently controlled by
other multiple local factors.

In conclusions:

1 In similar manner VIP and PACAPs3 may stimulate PROG accu-
mulation in cyclic rat granulosa cells in the presence of 25-hydroxy-
cholesterol in short terms and long terms.

2 The o, adrenergic potentiation of VIP and PACAP3g stimulatory ef-
fects on PROG release from granulosa cells culture was found.

3 VIB PACAP33 and B, adrenergic receptors activation may share the
same postreceptor mechanism in short-term stimulation of PROG
release from rat granulosa cells.

4 There exists simultaneous activation of different receptors — pep-
tidergic and adrenergic ones in adult cyclic rat granulosa cells.
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nM PROGESTERONE

101

8 * X

CONTROL 109M 10-8M 10-7M 10M
Fig. 4. Bl VP [=J PACAP38

Fig. 4. and Table 4. The effects of VIP and PACAPs5 on PROG accumulation in rat granulosa
cells culture (after 24 h incubation).
Asterisks indicate significant differences compared to the control * p <0.05, ** p <0.01

PROG VIP (M) PACAP;s (M)

nM CONTROL 10°° 10-8 1077 1076 10-° 10-8 1077
MEAN 4,19  3.88 4.75 7.57 7.41 5.60 7.56 7.87
SD 0.59 0.51 1.05 0.87 0.82 1.07 1.26 0.97
n 12 6 9 9 12 9 9 12
SEM 0.17 0.23 0.37 030 0.24 0.38 0.44 0.29
CONTROL v.s VIP 10°M  p<0.01 CONTROL v.s PACAPs5 1078 p<0.01

CONTROL v.s VIP 107 M p <0.01
CONTROL v.s PACAP3; 107 p<0.01

nM PROGESTERONE
60
* %%
** %X
50 — —
* % % — —
40 — —
30 — —
20 — —
*¥% X% —
10 — —|
I | | | | | | | |
—1—] —1—
O | | | | 1 | | | | 1
1
A B CD EFGHI) KLMNDO
VIP 106 M PACAP38 107 M
A - CONTROL, B-PRAZ10*M, C-PHEN 107 M, D - PHEN 10 M+PRAZ 104 M,
E-VIP, F - VIP+PRAZ 10*M, G - VIP+PHEN 10°M, H - VIP+PHEN 10°M+AG
1-VIP+ACT, J-VIP+AG K - PACAP38 L - PACAP38+PHEN 10°M
Fig. 5. M -PACAP38+PHEN 10°M+AG N - PACAP38+ACT 0 - PACAP38+AG
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VIP v.s VIP + ACT p<0.01

VIP v.s VIP + AG p<0.01

CONTROL v.s PACAPsg p<0.01

PACAPsg v.s PACAPss + PHEN p <0.0001

PACAP3g + PHEN v.s PACAPsg + PHEN + AG p < 0.0001

PACAPsg v.s PACAP3g + ACT p<0.01

PACAP3g v.s PACAP;s + AG p<0.01
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