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The ovarian nervous plexus (ONP) is one of the principal extrinsic innervation pathways reaching the
ovary from the superior mesenteric ganglion (SMG). The aims of this work were: (a) to determine ifacetyl-
choline (Ach)in the SMG modifies the release of steroids and ovarian nitrites in an ex vivo SMG-ONP-ovary
system on dioestrus (D) I and II, and (b) to demonstrate if the activities and gene expression of the
steroidogenic enzymes 33-hydroxysteroid dehydrogenase (3(3-HSD) and 20a-hydroxysteroid dehydro-

l;eywqrds: i . genase (20a-HSD) are modified by cholinergic stimulus. The system was incubated in Krebs-Ringer
S?epririg)r Mesenteric ganglion buffer bicarbonate at 37 °C in metabolic bath. Ach (10-6 M) was used as cholinergic agonist. Ach in SMG

Ovarian nervous plexus increased progesterone release at all the incubation times on DI and DII (*p <0.001). Androstenedione
Ovary increased at 15 and 30 min on DI, and at 30 min on DII whereas nitric oxide (NO) increased at 30 min
on DI, and at 15 and 30 min on DII. The activity of 33-HSD increased whereas the activity of 20a.-HSD
decreased (*p<0.001) on DI and DII The gene expression of 3(3-HSD showed a significant increase at
120 min on DI and DII (°p <0.01) and 20a-HSD diminished only on DII. The results show the importance
of the SMG via the ovarian nervous plexus on the regulation of the steroid secretory activity and on the
ovarian release of NO in the luteal phase. The complex synaptic connections in the prevertebral ganglia
and the sympathetic ganglionic chain participate in the neuroendocrinological mechanisms that take

Cholinergic agents

place during the luteal steroidogenesis.

© 2010 Published by Elsevier Ltd.

1. Introduction

The importance of innervation in the gonadal function regula-
tion has been widely demonstrated [1-4]. The rat ovary receives
innervation from two principal pathways: the ovarian nervous
plexus (ONP) and the superior ovarian nerve (SON), associated
to the suspensory ligament. Both plexuses are mainly constituted
by sympathetic postganglionic fibres whose neuronal somas are
located in the superior mesenteric ganglion and the coeliac gan-
glion, respectively.

The superior mesenteric ganglion is constituted by specific
structures responding to the cholinergic stimulus such as the nico-
tinic and muscarinic receptors in the ganglionic neurons called
principal neurons [5] and the muscarinic receptors present in the
interneurons, such as the small intensely fluorescent (SIF) cells, and
peptidergic cells [6]. Recent studies have shown that the superior
mesenteric ganglion, through the ONP, participates not only in the
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regulation of the blood flow [7,8] but also in the ovary physiology
[9].

The ONP enters the ovary, accompanied by the ovarian artery,
through the hilium and is constituted by sympathetic, sensory
fibres and, to a lesser degree, parasympathetic fibres. The princi-
pal neurotransmitters in this nervous pathway are neuropeptide Y
(NPY), substance P (SP) and noradrenaline (NA) [10]. The presence
of Ach in the nervous terminals that reach the ovary has not been
determined. Studies using histofluorescence suggest that these
fibres are of noradrenergic nature. However, Burden and Lawrence
[7], found that typical sympathetic ovarian nerve fibres show
acetylcholine-esterase activity and suggested that some fibres, pos-
sibly from the vagus nerve, may travel along with sympathetic
fibres to the ovary. Studies with rats have shown that vagotomy
alters oestrous cyclicity [8], which may be due to direct effects of
the vagus nerve on the ovary [11]. These results can be taken as
evidence for the presence of neurotransmitter Ach in sympathetic
ovarian nerve fibres.

The catecholamines and their receptors have been detected in
the ovarian tissue [1]. It has been demonstrated that the number
of adrenergic receptors in in vitro experimental schemes is modu-
lated by the innervation and not by the circulating catecholamines.
It is important to emphasize that granulosa cells as well as luteal
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cells have adrenergic receptors [12,13] but they are not directly
innervated [14].

As regards the ovarian Ach-receptors, it is well known that Ach
interacts with different muscarinic receptor (MR) types [15]. Which
receptor types are expressed in the ovary and by which cells is not
fully known, but evidence for ovarian MRs has been found [16,17].

On the other hand, indirect immunofluorescence studies have
demonstrated the presence of the neuronal nitric oxide synthase
(nNOS) in the mesenteric ganglion. The distribution of NOS, a syn-
thesis enzyme of nitric oxide (NO), has one possible colocalization
with immunoreactive neuropeptides and with two enzymes of
the catecholamine synthesis pathway, tyrosine (3-hydroxylase and
dopamine 3-hydroxylase, as well as with cholineacetyltransferase,
the enzyme for the acetylcholine synthesis pathway [18]. NOS has
also been observed in ovary in its constituting and inducible type.
Endothelial NOS is expressed in the stroma and theca cells, in the
granulosa cells of mature follicles and in steroidogenic cells of the
theca-luteal region of the corpus luteum [19]. NO is involved as a
luteolytic and/or luteotrophic factor on the corpus luteum, depend-
ing on the oestrous cycle stage [20,21].

Our research group has demonstrated a relation between the
neural cholinergic action and nitric oxide on ovarian steroidoge-
nesis in prepubertal rats [22,23] and in the oestrus stage during
the oestrous cycle [9]. Although the stimulus for the synthesis of
steroid hormones is mainly of endocrine nature, there is at present
strong evidence of the participation of the nervous system in the
ovary response.

There is evidence that NO decreases the steroidogenesis
in different experimental scheme [20]. NO causes an inhi-
bition of the enzymatic activities [24] and gene expression
of steroid synthesis—limiting enzymes such as cytochrome
P450scc, steroidogenic acute regulatory (StAR) protein and 3-beta-
hydroxysteroid dehydrogenase (33-HSD) in bovine luteal cells [25].

Steroidogenesis at ovarian level results in a series of successive
steps involving enzymes such as 33-HSD, a progesterone synthesis
enzyme, and the degradation enzyme of P4, 20a-hydroxysteroid
dehydrogenase (20a-HSD). 33-HSD has been identified in inter-
stitial and luteal cells [26,27]. Teerds and Dorrington [28] have
demonstrated that the immunoreactivity for 33-HSD in corpus
luteum is independent of the development stage. In addition, the
20a-HSD which has been determined, cloned and sequenced in
CL of rats is hormonally regulated and plays an important role
in the luteolysis reducing P4 to an inactive metabolite, 20-a-
hidroxipregn-4-ene-3-one [29].

With these antecedents in mind and in order to elucidate the
effects of the innervation from the ovarian nervous plexus on
the corpus luteum functioning, the aims of this work are (a) to
determine whether acetylcholine (Ach) in the superior mesenteric
ganglion (SMG) modifies the release of steroids and ovarian nitrites
in an ex vivo superior mesenteric ganglion-ovarian nervous plexus
(ONP)-ovary integrated system (SMG-ONP-0) on dioestrus (D) I
and II, and (b) to demonstrate if the activities and gene expression
of the steroidogenic enzymes 33-HSD and 20a-HSD are modified
by cholinergic stimulus at 120 min of incubation.

2. Materials and methods
2.1. Animals

Virgin Holtzman strain adult female rats on DI and DII weigh-
ing 250+ 50g were used in all the experiments. The rats were
kept in a light (lights on from 07:00 to 19:00 h) and temperature-
controlled room (24 + 2 °C). Animals had free access to food (Cargill,
SACI, Saladillo, Buenos Aires, Argentina), and tap water was avail-
able ad libitum. Vaginal smears were taken daily, and only the

rats exhibiting at least two 4-day consecutive oestrous cycles were
used. Groups of six animals were used for the experimental proce-
dure. The experiments were performed per duplicate and according
to the procedures approved in Ref. [30]. The experimental protocol
was approved by the University of San Luis Animal Care and Use
Committee (protocol number B17/04, ordinance CD 006/02).

2.2. Reagents

The following drugs: L-acetylcholine hydrochloride (Ach), ascor-
bic acid, bovine serum albumin fraction V (BSA), sulphanilamide
and N-1-naphthyl-ethylenediamine were purchased from Sigma
Chemical Co. (St. Louis, Mo, USA). Other reagents and chemicals
were of analytical grade. 1,2,6,7-[3H] Progesterone (107.0 Ci/mmol)
and 1,2,6,7-[3H] Androst 4-ene-3,17 dione (115.0 Ci/mmol) were
provided by New England Nuclear Products (Boston, MA, USA).

2.3. Surgical procedures

2.3.1. Extraction of superior mesenteric ganglion-ovarian
nervous plexus-ovary system

The procedure was carried out between 15:00 and 16:00 h tak-
ing into account previous descriptions of the anatomical trajectory
of this neural pathway as a guide [8,10]. Rats were anaesthetized
with ether under bell, and the system was immediately removed by
dissection. Each system was conformed by the ovary, the fibres con-
stituting the ovarian nervous plexus, parallel to the ovarian artery,
and the superior mesenteric ganglion, surrounded by some small
ganglia. The total surgical procedure was completed in 1-2 min. The
strip of tissue was carefully dissected, avoiding contact between the
surgical instruments, the nerve fibres and the ganglion in order to
prevent spontaneous depolarisations of the nerves, which might
be caused by inappropriate contact. The extracted systems were
washed with incubation solution and immediately placed in one
cuvette with two compartments.

2.4. Experimental procedure

Once extracted, the systems were immediately placed in a
cuvette with two separate compartments, each cuvette contain-
ing 2 ml of work solution, Krebs-Ringer bicarbonate buffer, pH 7.4,
in the presence of dextrose (0.1 mg/ml) and BSA (0.1 mg/ml) as
described in previous works [3,9].

The ganglion was placed in one compartment and the ovary
in the other one, both joined by the ONP, which was maintained
humid with the work solution. The system was immediately prein-
cubated in a metabolicbathat37°Cina95% 0,-5% CO, atmosphere
for 15min in order to achieve the stabilization of the system as
described in a previous work [9].

After 15min of preincubation (time O of incubation), the
Krebs-Ringer solution was changed in both compartments, and
ascorbic acid (0.1 mg/ml in Krebs-Ringer) was added as an
antioxidant agent [31] in the ganglion compartment whereas
Krebs-Ringer solution was added in the ovary compartment.

Progesterone, androstenedione and nitrites values released
under these conditions were considered as control value (con-
trol group). For the experimental group, acetylcholine was used
which was dissolved in Krebs-Ringer solution plus ascorbic acid at
a 10-6 M final concentration in the ganglion compartment [9]. The
ganglionic cholinergic effect on the steroids and nitric oxide release
in the ovary compartment was evaluated in relation to the control
group.

Liquid samples from the ovary compartment (250 1) were col-
lected at 15, 30, 60 and 120 min and kept at —20°C until the
determination of progesterone (P4) and androstenedione (A,) by
RIA and nitrites (NO) by Griess method.
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The results were expressed as nanogram of progesterone and
picogram of androstenedione per milligram of ovarian tissue per
ml and nitrites as nanomol of nitrites per milligram of ovarian tis-
sue per millilitres (nmol/mg ovary/ml) all against incubation time.
The respective corrections were made in all cases considering the
volume extracted in each tested period.

When the system incubation was finished (120 min), the ovaries
were kept at —80°C until determination of 33-HSD and 20a-HSD
activities and gene expression.

2.5. Progesterone and androstenedione assay

The steroids contents were measured in duplicate by radioim-
munoassay (RIA). Antisera were kindly provided by IMBECU
(Instituto de Medicina y Biologia Experimental de Cuyo). Proges-
terone was measured in ng/mg ovary/ml, and assay sensitivity was
less than 5 ng progesterone/ml. Androstenedione was expressed as
picogram per milligram of ovarian tissue per ml (pg/mg ovary/ml),
all against incubation time. The assay sensitivity was less than
10 pg androstenedione/ml. The inter- and intraassay coefficient
variations in all the assays were less than 10.0%.

2.6. Nitrite assay

Levels of nitrites, a water-soluble metabolite of nitric oxide,
were measured spectrophotometrically by the Griess method and
were expressed in nanomol of nitrites per milligram of ovarian
tissue per ml (nmol/mgovary/ml) [32]. The samples (50 1) were
immediately mixed with Griess reagent (sulphanilamide with N-1-
naphthyl-ethylenediamine/HCl). After a 10-min incubation period
at room temperature, it was read for absorbance at 540 nm, and
nmols of nitrite were determined using a standard curve. The assay
sensitivity was less than 2.5 nmol/ml. The intraassay coefficients
variation for all the assays was less than 10.0%.

2.7. Enzymatic activity

The activities of 33-HSD and 20a-HSD were measured accord-
ing to Kawano et al. [33] with a slight modification. The ovary from
each animal was homogenized in 0.7 ml of 0.1 M Tris-HCl, 1 mM
EDTA (pH 8) at 0°C with a glass homogenizer. The homogenates
were centrifuged at 105000 x g for 60 min. The supernatant fluids
were used for the assay of 20a-HSD activity. The precipitates were
rehomogenized with 0.7 ml of 0.25M sucrose and centrifuged at
800 x g for 5 min. The supernatants were used as the enzyme solu-
tion for the assay of 33-HSD activity. The substrates for 33-HSD
and 20a-HSD were pregnenolone (5 j.g) and 20a-hydroxypregn-
4-en-3-one (12.5 ug), respectively. Both enzyme activities were
assayed spectrophotometrically, depending on the increase in
NADH or NADPH in 1 min at 37 °C, and the values were expressed
as mU/mg protein/min. The method of Lowry et al. [34] was used
for protein determination with BSA as the standard.

2.8. RNA isolation and RT-PCR analysis

Once the ovaries were defrosted, the total ribonucleic acid (RNA)
was extracted using the TRIZOL-Reagent method (Invitrogen Life
Technologies), following the manufacturer’s instructions for the
RNA extraction [35].

Two g of total RNA were reverse transcribed using a Moloney
murine leukemia virus (MMLV) reverse transcriptase (RT) and ran-
dom primers. First, a pre-reversetranscription (pre-RT) was carried
out, using random primers, by incubating 10 min at environmen-
tal temperature and then, 45min at 42°C. The buffer RT, the
enzyme MMLV-RT (Invitrogen/Life Technologies) and a mixture
of deoxynucleoside triphosphates (ANTPs) were added to the total

pre-RT product, and this was taken to a final volume of 50 p.l. The
mixture was incubated for 60 min at42 °C, then, 15 minat 70°C, and
finally the reverse transcriptase activity was inactivated through
the tubes incubation ice bath.

For amplification of the reverse transcription (RT) products, the
reaction mixture consisted of 10 wl Green Go Taq reaction buffer,
0.2 mM deoxynucleoside triphosphates, 0.5 uM specific oligonu-
cleotide primers and 1.25 U Go Taq DNA polymerase (Promega Inc.)
ina final volume of 50 p.l. Amplification was carried out for 30 cycles
using 93 °C for denaturing (1 min), 59 °C for annealing (1 min), and
72 °C for extension (15 min) in Eppendorf Cycler thermal cycler.

Specific primers for 33-HSD were (5-CTGCCTGGTGACAGGA-
GCAGG-3' and 5-GCCAGCACTGCCTTCTCGGCC-3’) and for 20a-
HSD (5'-TTCGAGCAGAACTCATGGCTA-3' and 5'-CAACCAGGTA-
GAATGCCATCT-3'). Eachreaction also included primers (5'-CAAGA-
CTGAGTGGCTGGATGG-3’ and 5-ACTTGAAGGGGAATGAGGAAAA-
3’) to amplify protein cyclophilin A as an internal control. The
predicted sizes of the PCR-amplified products were 489 pb for 3[3-
HSD, 440 pb for 20a-HSD and 293 pb for cyclophilin A. Reaction
products were electrophoresed on 1.5% agarose gels, visualized
with ethidium bromide (5.5 mg/ml), and examined by ultra-violet
transillumination. Band intensities of RT-PCR products were quan-
tified using Image] (Image Processing and Analysis in Java from
http://rsb.info.nih.gov/ij/) and expressed as arbitrary units.

2.9. Statistical analysis

All data are presented as means + S.E.M. in each group of six rats.
Differences between two groups were analyzed with Student’s t-
test. Analysis of variance (ANOVA I) followed by Duncan’s multiple
range test was used for several comparisons. A value of p <0.05 was
considered statistically significant [36].

3. Results

3.1. Effect of acetylcholine in ganglion on progesterone and
androstenedione release on DI and DII

3.1.1. Progesterone

In order to assess whether the presence of Ach in the ganglion
compartment modulated P4 release in the ovarian compartment by
the neural way from the SMG, and considering that P4 has proved to
be the most sensitive steroid to neural influence in in vitro studies,
Ach (10-6 M) was added in the superior mesenteric ganglion. The
ovary incubation liquids were obtained at different times and P4
levels were measured by RIA. The results of each experiment are
expressed with respect to the corresponding control group.

On DI and DII, a significant increase in the release of P4 at all
the studied times was observed (*p <0.001) (Fig. 1). When the con-
trol values in both stages were compared, the values on DI were
significantly higher.

3.2. Androstenedione

Considering that A, is synthesized by the ovarian interstitial
cells and that ONP innervated these structures, A, release in the
ovarian compartment by stimulation with Ach (106 M) at gan-
glionic level was assessed. The results show that the release of
A, in the ovarian compartment increased significantly on DI at
15 min (4.34540.0249 vs. 6.89+0.88) (°p<0.01) and at 30 min
(4.62 +£0.0283 vs. 6.5+ 1.23) (°p<0.05), and on D II, only at 30 min
(4.07 £0.004 vs. 33 £4.02) (*p<0.001) (Fig. 2).

Under control conditions, the level of A, in the ovarian incu-
bation liquid was significantly lower on DI than on DII in all the
incubation times studied.
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3.3. Effect of acetylcholine in ganglion on the enzymatic activity
and gene expression of ovarian 33-HSD on DI and DII

With the purpose of knowing whether the addition of Ach
in the mesenteric ganglion modified the activity and expres-
sion of the P4 synthesis enzyme on DI and DII, the ovaries of
the system were obtained after 120 min of incubation. On DI
and DII, a significant increase in the activity of 3B-HSD (DI
0.60+0.005 vs. 1.23 £ 0.041; DII: 0.45 4 0.014 vs. 0.68 & 0.020) was
observed in relation to the control group (*p<0.001, respectively)
(Fig. 3).

In order to determine if Ach action at ganglionic level also affects
the expression of the enzymes involved in P4 synthesis, 33-HSD
was measured. On DI and DII, Ach at ganglionic level caused an
increase in the gene expression of the P4 synthesis enzyme in rela-
tion to the control at 120 min (°p <0.01, respectively) (Figs.4 and 5).

3.4. Effect of acetylcholine in ganglion on the enzymatic activity
and gene expression of ovarian 20«-HSD on DI and DIl

In order to determine if Ach action at ganglionic level also
affects the activity and gene expression of the enzyme involved
in P4 degradation 20a-HSD were measured. In the DI and DII
stage, Ach at ganglionic level caused a decrease in the activity of
20a-HSD (DI: 0.4140.005 vs. 0.204+0.009; DII: 0.11+£0.004 vs.
0.073 £0.004) (*p<0.001, respectively) in relation to the control
group (Fig. 6).

On the other hand, the ovarian gene expression of 20a-HSD
diminished only on DIl relation to the control at 120 min (*p < 0.05).
Do not changes was observed in the 20a-HSD gene expression in
DI (Figs. 7 and 8).
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Duncan).

3.5. Effect of acetylcholine in ganglion on nitrites release on DI
and DIl

Since the modulation of nitrites release by neural stimulus and
its importance in ovarian steroidogenesis have been demonstrated
in our research group, we attempted to determine whether the
addition of Ach in ganglion compartment modifies nitrites release
on the ovarian compartment during the luteal stage. A significant
increase was observed in the release of nitrites in the ovarian com-
partment on DI at 30 min (5.17 +0.26 vs. 8.78 £ 0.88) (*p<0.001),
while on DIl at 15 min (6.53 +0.99 vs. 11.3 4+ 0.96) (°p<0.01) and at
30min (16.294+0.14 vs. 24.44+0.70) (*p<0.001) in relation to the
control group (Fig. 9).

4. Discussion

In this work we have attempted to integrate the knowledge
obtained in previous works with the contribution of a new sym-
pathetic pathway, the ovarian nervous plexus in the luteal phase.
The secretions of the corpus luteum (CL) are modified by a variety of
molecules encompassing hormones, growth factors, NO, cytokines
and neurotransmitters such as noradrenaline (NA) [37], SP or NPY
[38,39]. Our general purpose was to evaluate the steroidogenic
response in the ex vivo superior mesenteric ganglion-ONP-ovary
integrated system, in which the paracrine and autocrine relations
are preserved without the humoral influence, and the different neu-
roendocrine interrelations may be integrated [9]. For this reason,
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this neural pathway might be an adequate in vitro model to study
these relations.

The different reactivity of the system and the basal tone per-
mitted to investigate if the ovary physiology was affected by the
influence of a cholinergic agent on the ganglionic neurons [9].

The results of the present study revealed an enhanced release
of P4 and A, in both stages at all the incubation times, although
with different release profiles. In addition, P4 control values were
significantly higher on DI than on DII, and it is evident that this
effect is related to the high activity of the recently formed cor-
pora lutea on DI. On the other hand, A, showed a stimulating
effect at short times on DI and DI It is important to emphasize
that the control values observed on DII are significantly higher
than on DI since the ovaries at this stage are preparing to com-
plete a new cycle and ensure the continuation of the oestrous
cycle.

Considering that P4 is the principal secretion product of the
CL, the activity and gene expression of the enzymes participating
in its synthesis and degradation on both stages were also ana-
lyzed.

The ganglionic cholinergic stimulation increased the activity
and gene expression of 3(3-HSD on DI and DII at 120 min of incu-
bation, in agreement with the increase observed on both stages
in the release of P4 in relation to the control group. The determi-
nation of the enzymatic activities was carried out at 120 min of
incubation since no modifications were observed between the dif-

Control Ach (10° M)

2,0 =
< -
:.—-
= 2154
£ c 0O
Iy
21,0 T
QS

[1]

(ol =
(2
I =05=
[-=8
m -t

0,0

Control DI Ach DI

Fig. 4. Effect of cholinergic agonist on the gene expression of 33-HSD in ovaries
extracted from the superior mesenteric ganglion-ONP-ovary system with and with-
out Ach stimulus in the mesenteric ganglion on DI. Measurement by RT-PCR of
expression of 33-HSD (489 pb) and cyclophilin A (293 pb). Ethidium bromide fluo-
rescent photograph of the gel electrophoresis of the amplification products (top).
Expression of 33-HSD relative to cyclophilin A (bottom). Results are expressed as a
mean £S.E.M. (n=3).°p<0.01 (Student’s t-test; ANOVA-Duncan).

ferent incubation times by neural stimulus, which is a surprising
fact since there are no reports of enzymatic activity modulation
at such short times as observed in this work. Variations in luteal
cell cultures occurring at 36 h without neural influence and with-
out the paracrine relations present in our ex vivo system have been
reported [40,41], demonstrating the importance of cell-cell inter-
actions.
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extracted from the superior mesenteric ganglion-ONP-ovary system with and with-
out Ach stimulus in the mesenteric ganglion on DIIl. Measurement by RT-PCR of
expression of 33-HSD (489 pb) and cyclophilin A (293 pb). Ethidium bromide fluo-
rescent photograph of the gel electrophoresis of the amplification products (top).
Expression of 33-HSD relative to cyclophilin A (bottom). Results are expressed as a
mean £ S.E.M. (n=3).°p<0.01 (Student’s t-test; ANOVA-Duncan).
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Fig. 6. Effect of cholinergic agonist on the enzymatic activity of 20a-HSD in ovaries
extracted from the superior mesenteric ganglion-ONP-ovary system with and with-
out Ach stimulus in the mesenteric ganglion on DI (top) and DII (bottom). Each bar
represents the mean £ S.E.M. of six animals per experimental group. Ach: acetyl-
choline. *p<0.001 (Student’s t-test; ANOVA-Duncan).

On the other hand, the accumulation of P4 in steroidogenic cells
is also influenced by the participation of the enzyme 20a-HSD. A
significant decrease in the activity of this enzyme was observed in
both stages, with the gene expression depending on the cycle stage,
in agreement with the P4 increase.

These results might be accounted for by the presence of cate-
cholamines at ovarian level, since a mechanism has been reported
with similar effects in luteal cells cultured with catecholamines
[42]. It has been postulated that the site of action of the 3-agonists
may be 33-HSD [43]. Miszkiel et al. [44] have reported that NA stim-
ulated the activity of 33-HSD. At the same time, P4 produced by NA
stimulus reduces the activity of aminooxidase (MAO) and catechol-
o-methyl-transferase (COMT), the enzymes primarily responsible
for anintracellular degradation of catecholamines [45]. Thus, in this
way, P4 prolongs the half-life of NA and the duration of its stim-
ulatory influence on P4 synthesis. However, Rekawiecki et al. [46]
have proposed that NA affects neither StAR, cytochrome P450scc or
33-HSD gene expression nor the level of functional proteins encod-
ing these genes. Recent studies using this experimental scheme
(unpublished data) have determined the release of catecholamines
by ganglionic stimulus. Therefore, we assumed that in the short
times employed with stimulation of Ach in ganglion, there is possi-
ble release of NA and/or other neurotransmitters that stimulate P4
secretion from the releasable pool at short times, but not its synthe-
sis. Also, taking into account that Kotwika et al. [47] and Rekawiecki
et al. [48] have postulated the autorregulation of P4 synthesis in the
corpus luteum, which affects the transcription of the genes encod-
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Fig. 7. Effect of cholinergic on the gene expression of 20a-HSD in ovaries extracted
from the superior mesenteric ganglion-ONP-ovary system with and without Ach
stimulus (10-6 M) in the mesenteric ganglion on DI. Measurement by RT-PCR of
expression of 20a-HSD (440 pb) and cyclophilin A (293 pb). Ethidium bromide flu-
orescent photograph of the gel electrophoresis of the amplification products (top).
Expression of 20a-HSD relative to cyclophilin A (bottom). Results are expressed as
amean=+S.E.M. (n=3) (Student’s t-test; ANOVA-Duncan).

ing the steroidogenic enzymes, it can be assumed that the values of
P4 at 120 min can be due to the increase in the activity of 33-HSD
caused by the same P4 released throughout time, or by the decrease
in the activity of 20a-HSD or by action of other neurotransmitters
[11]. Thus, NO might be involved in the modulation of output and
synthesis of NA, as already reported by Yamamoto et al. [49] for
other tissues.
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Fig. 8. Effect of cholinergic agonist on the gene expression of 20a-HSD in ovaries
extracted from the superior mesenteric ganglion-ONP-ovary system on DII. Mea-
surement by RT-PCR of expression of 20a-HSD (440 pb) and cyclophilin A (293 pb).
Ethidium bromide fluorescent photograph of the gel electrophoresis of the ampli-
fication products (top). Expression of 20a-HSD relative to cyclophilin A (bottom).
Results are expressed as a mean + S.E.M. (n=3). *p <0.05 (Student’s t-test; ANOVA-
Duncan).
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Fig. 9. Effect of cholinergic agonist in ganglion compartment on nitrites release
in the incubation liquid of the ovarian compartment in the superior mesenteric
ganglion-ONP-ovary system of rats on DI (top) and DIl (bottom). Each bar represents
the mean £ S.E.M. of six animals per experimental group. Ach: *p<0.001; °p<0.01
(Student’s t-test; ANOVA-Duncan).

The presence in the ovary of NO and of the isoforms of the syn-
thesis enzyme has been demonstrated [50,51]. In our case, both on
DI and DII, neural stimulus provoked an increase of NO at short
times, which could also explain the increase of the activity and
gene expression of 3(3-HSD at long times, in coincidence with the
P4 increase.

Fridén et al.[21] demonstrated that the endothelial NOS is found
in the blood vessels near the functional CL. The ONP is known to be
involved in the regulation of the vascular bed and favors the irri-
gation of the CL. In our system, although there is no blood flow or
intravascular fluid movement, it must be taken into account that
numerous neurotransmitters are released from the ONP, among
them NO. These factors diffuse from their site of synthesis and affect
the function of steroidogenic cells. It has been reported that NO
decreases P4 and A, release in in vitro cellular cultures [20,21,52]
and it is considered a luteolitic and/or luteotrophic factor [21].
However, in this work this decrease was not observed either on
DI or DII by ganglionic stimulus via the ONP. Motta et al. [53]
demonstrated in rat that endogenous NO increased the produc-
tion of glutathione and P4 in corpora lutea in the middle stage of
the development, thus showing its dual, protective or pro-oxidizing
effect according to the stage of the oestrous cycle during which the
tissue was obtained [54]. This effect may partly explain the fact
that the activity of 20a-HSD decreases in both stages and the gene
expression decreases only on DII. On the other hand, the different
results might be due to the presence or absence of different sub-

populations of steroidogenic and non-steroidogenic cells, and also
to the cell-cell contact already described by other authors [55-57].
Further studies are required to elucidate the possible mechanisms
involved.

In conclusion, this work shows that the superior mesenteric
ganglion-nervous plexus—ovary neural pathway not only regulates
the blood flow in the ovary, as reported by other authors, but also
participates, through the ganglionic cholinergic receptors, in the
maintenance of the corpus luteum during the oestrous cycle.
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