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Abstract

The coeliac ganglion neurons, whose axons constitute the superior ovarian nerve (SON), contain cholinergic receptors. The aim of this
work was to study the effect of cholinergic agents added to the coeliac ganglion on the release of ovarian progesterone in the coeliac
ganglion—SON-ovary in vitro system. We also analyzed the release of norepinephrine in the ovarian compartment and its possible re-
lationship with the release of progesterone. After the addition of cholinergic agents in the ganglion compartment, progesterone release
was determined by radioimmuneassay (RIA) and norepinephrine by catecholamine assay (HPLC). The release of progesterone and nore-
pinephrine in the ovary compartment was studied during period of 180 min in pre-oestrus (PE), oestrus (E), dioestrus day 1 (D1) and
dioestrus day 2 (D2) rats.

The most relevant results concerning the action of acetylcholine were found on PE and dioestrus. On PE, the pre-ovulatory peak of
progesterone, which is known to respond to the endocrine action, was not modified by neural effect of acetylcholine in our scheme. On
the other hand, the progesterone peak occurs in the afternoon of D1, which has been described as independent of the gonadotrophic actiot
but was inhibited by neural effect of acetylcholine in our experimental scheme. This action on D1 was accompanied by a decrease of
norepinephrine release in the ovary compartment.

We conclude that the action of cholinergic agents varies according to the oestrous cycle stage and constitutes one of the factors governing
the secretory activity of the ovarian steroids, in this case, progesterone.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction ovarian vein of dioestrus day 1 (D1) and dioestrus day 2 (D2)
rats. This may provide physiological evidence of the partic-
Numerous studies support the notion of the importance of ipation, at least in part, of the sympathetic ganglionic path-
innervation on the regulation of the gonadal functifihss]. way, whose preganglionic neurotransmitter per excellence is
Recent studies by Gerendai et [], using a viral tracing  acetylcholine. The superior ovarian nerve (SON) might be
technique, have provided the first morphological evidence the neural way of the central adrenergic stimulafich
of the existence of a neuronal multi-synaptic way between The superior ovarian nerve, whose fibers—mainly
the ovary and various centers of the central nervous systemnoradrenergic—originate mostly in the neurons of the coeliac
through the sympathetic ganglionic pathway. On the other ganglion, reaches the ovary through the suspensory liga-
hand, experiments performed in our laboratory have shownment and enters it by the hiliufi2,8]. Its varicosities form
that intracerebroventricular injection of epinephrine modi- a net around the steroidogenic cells of the follicles and do
fies, at short times, the concentration of progesterone in thenot have a visible relationship with the corpora lufg#®].
In spite of this, the corpora lutea possess beta adrenergic
receptors that respond to the sympathetic stim{d0s11]
The coeliac ganglion is a component of the sympathetic
fax: 454 2652 431301. 2 . . )
E-mail addresseszsosa@unsl.edu.ar (Z. Sosa), amras@unsl.edu.ar prevertebral Qangl'on'c pf_ithway and norepmephrlne consti-
(AM. Rastrilla). tutes the main postganglionic neurotransmitter released by
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respond to cholinergic stimuli, such as nicotinic and mus- system removal, histological control, characterization and

carinic receptors. The former are mainly located in the post- standardization of incubation conditions were performed as

ganglionic neurons called principal neurons and the latter aredescribed previouslyl4]. Briefly, the system removed by

found in both principal neurons and interneur¢t®, 13] dissection is conformed by the left ovary, the fibers that

The purpose of this work was to investigate whether the constitute the SON, inserted in the suspensory ligament, and

occupation of ganglionic cholinergic receptors produces the coeliac ganglion accompanied by some small ganglia

variations in the release of ovarian progesterone during that surround it. The total surgical procedure was completed

the oestrous cycle in the coeliac ganglion—-SON-—ovary in- in 1-2 min.

tegrated system, previously standardized in our laboratory

[14,15] Considering also that the SON is a nerve of the 2.4. Experimental procedure

sympathetic ganglionic pathwd§,16], it was investigated

whether in the system under study norepinephrine is re- The coeliac ganglion—SON—ovary system was washed

leased in the ovary compartment, and an attempt was madewith the incubation medium and placed immediately in the

to establish what modifications are produced by ganglionic cuvette consisting of two compartments. Each cuvette con-

cholinergic action on the release of norepinephrine. Finally, tained 2 ml of Krebs—Ringer bicarbonate buffer, pH 7.4 so-

in case such variations are produced, we intend to deter-lution, in the presence of dextrose (0.1 mg/ml) and BSA

mine if they have an effect on the release of progesterone,(0.1 mg/ml), as has been described for incubation of ovaries

since it is well known that, in vitro, catecholamines lead to in other in vitro system§10,19]

progesterone secretigh7]. The ganglion was placed in a compartment and the ovary
in the other one, both joined by the SON, which had to re-
main humid with the work solution. The system was stabi-

2. Materials and methods lized by preincubation in metabolic bath at37 for 30 min
. in an atmosphere composed by 95% &hd 5% CQ. The
2.1. Animals end of the preincubation period was considered as incuba-
tion time 0.
Virgin Holtzman strain female rats weighing 28050 g At this time, the buffer was changed in both compart-

were used in all the experiments. The rats were kept in a ments; ascorbic acid (0.1 mg/ml in Krebs Ringer) was added
light- (lights on from 0700 to 1900 h) and temperature (24 as an antioxidant agent to the ganglionic compartment.
+ 2°C)-controlled room. Animals had free access to food  The values of the progesterone released under these con-
(Cargill, SACI, Saladillo, Buenos Aires, Argentina), and tap ditions was considered as a control value (control groups).
water were available ad libitum.Vaginal smears were taken The cholinergic agents employed in this investigation were
daily and rats were used only after exhibiting at least two acetylcholine (Ach) as an cholinergic agonist, hexameto-
consecutive four-day oestrous cycles. Rats in proestrus (PE) nium (Gs) antagonist nicotinic and atropine (At) as a mus-
oestrus (E), dioestrus day 1 (D1) and dioestrus day 2 (D2), carinic antagonist. The different substances were dissolved
were used for the experimental procedure. Groups of six in equal concentrations, T6M [20] and volumes (2 ml)
animals were used by experiment. of Krebs—Ringer solution plus ascorbic acid. The samples
The experiments were performed in accordance with the of liquid from the ovarian compartment (250 were col-
revised Guide for the Care and Use of Laboratory Animals |ected at 30, 60, 120 and 180 min since the incubation had
[18] and the Guide for Animal Use and Handling of the started. These were kept a20°C until the determination

National University of San Luis. of progesterone by radioimmuneassay (RIA).
For norepinephrine determinations, incubation liquid was
2.2. Drugs collected at 180 min and the samples were maintained at
—70°C until determination by HPLC.
The following drugs: L-Acetylcholine hydrochloride The respective corrections were made in all cases consid-

(Ach), L-hexametonium (), atropine (At), ascorbic acid, ering the volume extracted in each period tested.

bovine serum albumin fraction V (BSA), were purchased

by the Sigma Chemical Co. (St. Louis, Mo, USA). Other 2.5. Progesterone assay

reagents and chemicals were of analytical grade. (1,2,6,7-

3H) Progesterone was provided by the New England Nu- Progesterone was measured by RIA as previously de-

clear (Boston, MA, USA). scribed[21]. The sensitivity of the assay is less than 5 ng/ml
serum, and the inter- and intraassay coefficients of variation
2.3. Surgical procedures were less than 10% the variability and cross-reaction of this

RIA has been reported previously validaf@@]. The results
Rats on pro-oestrus, oestrus, D1 and D2 were anesthetizedvere expressed as nanograms of progesterone/milligram
with ether under bell, as the anaesthetic for the surgery.of ovarian tissue B ng/mg tissue) against time of
The surgery was carried out between 1500 and 1600 h. Theincubation.
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2.6. Catecholamine assay (HPLC) inhibited progesterone release at all the studied times<(*
0.001), while the inhibiting action of atropine and hexame-

The norepinephrine in 204 aliquots of liquid from tonium was observed after 60 min* 0.001) and 120 min

the ovarian cuvette (180min), was partially purified by (*P < 0.05), respectivelyKig. 10).

batch alumina extraction, separated by reverse-phase On dioestrus day 2, acetylcholine produced a decrease in

high-pressure liquid chromatography using a 4.6mxm  progesterone release at 30 mt® (< 0.05) and 180 min (@

250 mm Zorbax RCig column (Du Pont, USA) and quan- < 0.001) as compared to the control, while atropine and hex-

tified by current produced upon exposure of the column ametonium increased progesterone release after 60°fRin (

effluent to oxidizing and then reducing potentials in series < 0.05), with values over three times greater after 120 min

using a triple-electrode system (Coulochem II, ESA, Bed- in both cases ® < 0.001) Fig. 1D).

ford, MA) [23]. Recovery through the alumina extraction

step averaged 70-80% for catecholamines. Catecholaming3.2. Effect of the addition of acetylcholine in the ganglion

concentration, in each sample, was corrected for recoverycompartment on the release of norepinephrine in the

of an internal standard dihydroxybenzylamine. The results ovarian incubation liquid in the integrated in vitro coeliac

were expressed as picograms of norepinephrine/milligram ganglion—SON-ovary system

of ovarian tissue/ml of incubation medium (NE pg/mg

ovary/180 min incubation). Under basal conditions, the level of catecholamine in the
ovarian incubation liquid was significantly lower on D2 than
2.7. Statistical analysis on D1 (58.1+ 6 versus 6.32: 1) (columns with the same
letter differed significantly; aP < 0.001).
Results are presented as medn S.E.M. in each When acetylcholine was added to the ganglion compart-

group. Student's-test was used to assay significant dif- ment, the release of norepinephrine in the ovarian compart-

ferences between means of two groups. Analysis of the ment decreased significantly on D1 (Ach D1 versus control

variances (ANOVA) followed by Tau’'s multiple range test D1) (*P < 0.001) but showed no variations on D2 (Ach

was used for several comparisons. A valu#ct 0.05 was D2 versus control D2). On the other hand, significant differ-

accepted as statistically significd@]. ences in norepinephrine release in the ovarian compartment
were observed between D1 and D2 when acetylcholine was
added to the ganglion compartment (6:8D.69 versus 37.5

3. Results + 2.1) (Ach D2 versus Ach D1) (columns with the same

letter differed significantly; bP < 0.001) Fig. 2.
3.1. Coeliac ganglion—-SON—ovary system: effect of the

addition of cholinergic agents in the ganglion compartment
on the progesterone release by the ovary in the estrous cycle4. Discussion

The cholinergic effect on the release of progesterone in  Ovarian innervation includes not only the neural compo-
the coeliac ganglion—-SON-ovary system was studied by ad-nents that enter the ovary such as the SON and the ovarian
dition to the ganglion compartment of 19M acetylcholine plexus, but also intermediate structures such as the coeliac
and its antagonists. ganglion, which constitutes a link of rapid information be-

The results of each experiment are expressed with respectween the central nervous system and the oy@fy
to the corresponding control group. On pro-oestrus, no dif- The autonomous ganglia such as the coeliac ganglion,
ferences in progesterone release were observed at any of tha component of the sympathetic ganglionic pathway, have
studied times, when acetylcholine or hexametonium were been considered as “small brains” capable of receiving and
used. On the other hand, atropine increased progesteronéntegrating signals and organizing a respofs]. Eccles
release at all the studied times (30 minP < 0.05; after [26] confirmed that the after-potential following the ganglion
60 min, *P < 0.001) Fig. 1A). cell discharge is an intrinsic reaction of the ganglion, which

On oestrus, addition of acetylcholine produced a dual ef- regulates in this way its own excitatory cycle.
fect on the release of ovarian progesterone: inhibition at  Without attempting to oversimplify the complex problem
30min (*P < 0.001) and stimulation after 120 minK*< of ganglionic functioning and regulation, the aim of this
0.001). On the other hand, both atropine or hexametoniumwork was to study whether the action of cholinergic agents
stimulated progesterone release, after 60 min in the case ofon the coeliac ganglion modifies the release of ovarian pro-

atropine (60 min?P < 0.05; 120 and 180 min,” < 0.001), gesterone during the oestrous cycle. We also investigated
and throughout the whole experiment in the case of hexam-whether in this process the norepinephrine release in the
etonium (30min,°P < 0.05; 60, 120 and 180 min,P* < ovary compartment is modified, since most of the fibers
0.001) Fig. 1B). constituting the SON are noradrenerd®;9,10] For this

On dioestrus day 1, both acetylcholine and its antagonistspurpose, we used a coeliac ganglion—-SON-ovary system
decreased the release of ovarian progesterone. Acetylcholingreviously standardized in our laboratof§4,15] This
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Fig. 1. Effect of agonist (a) and antagonist (b) colinergic in ganglion compartment on ovarian progesterone (P) release in the coeliac ganglan-SON—
system obtained from rats on pro-oestrus-PE (A), oestrus-E (B), dioestrus day 1-D1 (C), dioestrus day 2-D2 (D). The system was incubated in buffer
Krebs—Ringer, plus ascorbic acid (0.1 mg/ml in Krebs—Ringer) solution, &C3@ an atmosphere of 95%,05% CQ for 180 min without (control)

and with colinergic agents in 1M concentration added to the ganglionic compartment (experimental group). Ach: acetilchgjineex@metonium;

At: atropine. Results are expressed as mga8.E.M. of six animals per experimental group from respective cont®l<*0.001 and*P < 0.05.

system permits an in vitro emulation of in vivo conditions, the classical preganglionic neurotransmitter of the sympa-
preserving innervation and paracrine and autocrine regula-thetic ganglionic pathwaf25-27] On the other hand, ovar-
tions without the humoral influence. A further advantage of ian progesterone has proved to be the most sensitive steroid
this system is that it possesses its own neural tone, whichto neuralinfluence in in vitro studi¢$]. Furthermore, exper-
permits addition of the antagonists in absence of the agonistiments performed in our laboratory have provided evidence
[14]. In the present experimental scheme, we used acetyl-that the stimulation of the coeliac ganglion with adrenergic
choline as cholinergic agonist because it is considered to beagents in the coeliac ganglion—-SON-ovary integrated sys-
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80 ~ ganglionic nicotinic receptors. Finally, the same inhibitory
response was observed on D2, but only at longer times and
of an unspecific nature.

60 |- IE Our most relevant results relate to D1 and D2. At these

E

£

2

g.

S0 - stages the corpora lutea are the functionally active struc-
% 40 L tures and progesterone is the main secretion product. In
T | spite of this, the neural input produced by acetylcholine in

E ganglion was inhibitory. This led us to investigate whether

_? 20 |- in our coeliac ganglion—SON—ovary integrated system un-
g r a b der basal conditions, norepinephrine is liberated in the
Z oL /7] BRXA ovarian compartment; secondly, whether the secretion rate

Consol . -AckeBl. Control Bz -AchXi of catecholamine is modified by the ganglionic choliner-

gic action; and thirdly, whether variations in the release of
Fig. 2. Concentration of norepinephrine (NE), expressed as pg/mg norepinephrine in the ovary compartment are responsible

ovary/180 min incubation, in the ovary incubation medium, in the coeliac for the modifications in the release of ovarian progesterone
ganglion—-SON-ovary system, obtained from rats on dioestrus day 1 observed on D1 and D2

(D1), and dioestrus day 2 (D2). The system was incubated in buffer . . . .
Krebs—Ringer, plus ascorbic acid (0.1 mg/ml in Krebs—Ringer) solution, In this respect, it is well known that there exists a stim-

at 37°C in an atmosphere of 95%,05% CQ for 180 min without (con- ulating effect on the release of progesterone caused by
trol) and with acetylcholine (Ach) in I® M concentration added to the ~ catecholamines when they impact on the beta adregenergic
ganglionic compartment (experimental gr_oup). Results are expressgd asreceptors on the corpora lut¢a0-32] In turn, previous
means S.EM. of six animals per experimental group from respective oy, qies jn our laboratory have showed that addition of nore-
control. *P < 0.001. Columns with the same letter differ significantly, a, . . . . .
b, P < 0.001. pinephrine to the ganglion compartment has a stimulating

effect on progesterone release on D1. These results led us

to propose that the neurotransmitter responsible for such ef-
tem modifies the release of progesterone both in the differentfect was norepinephrine released from the SON to the ovary
stages of the oestrous cydte4] and in pregnancyl5]. [14].

The results obtained show that acetylcholine provoked a In the present work, it was possible to demonstrate that in
typical progesterone release profile, depending on the oe-the system under study in basal conditions norepinephrine is
strous cycle stage. In PE, when follicle maturation and ovu- liberated in the ovarian compartment at values significantly
lation takes place, the secretion of ovarian progesterone washigher on D1 as compared to D2. On the other hand, when
not modified by the addition of acetylcholine to the gan- we performed cholinergic stimulation in ganglion, a marked
glion compartment. This may be because the main peak ofdecrease of norepinephrine in the ovarian compartment with
progesterone secretion in this stage of the cy28&29]is respect to the control was observed on D1, but not on D2.
mainly due to the action of gonadotrophines rather to a di- The results obtained seem to indicate that on D1 the fall in
rect neural influence. However, the existence of neural in- the release of ovarian progesterone due to addition of acetyl-
put is demonstrated by the effect of the antagonists, mainly choline in ganglion is caused by a lower availability of nore-
atropine, which is an indication of the ganglionic receptors pinephrine in the ovarian compartment. However, on D2, the
participation. The nicotinic receptors appear to participate same effect observed at longer times does not appear to be
in the basal release of ovarian progesterone, as shown bydue to modifications in norepinephrine release, but probably
the results obtained with acetylcholine and hexametonium. to the action of some other neurotransmitter with inhibit-
On the other hand, the presence of atropine in the ganglioning characteristic§33]. These findings show the prevalence
led to a stimulating effect, probably by inhibition of the in- of the neural sympathetic effect over the endocrine one on
hibitory postsynaptic potential generated in the ganglion, as dioestrus.
previously describefR7]. This paper has provided a physiological demonstration of

In E, a stage characterized by a reordering and structuralthe modifications in the release of ovarian progesterone by
organization that involves the formation of corpora lutea, effect of cholinergic agents in the ganglion throughout the
addition of acetylcholine to the ganglion had a stimulating oestrous cycle. Possible interactions with other factors such
unspecific effect on the release of ovarian progesterone atas steroids and steroid-metabolizing enzymes genes will be
longer times. This may indicate a neural participation along the focus of future studies.
with luteal development. On the other hand, on D1, for which
a new smaller progesterone peak has been described, proba-
bly of luteal origin and independent of the hormonal action Acknowledgements
[28], we observed a marked neural modulation of inhibitory
type caused by the addition of acetylcholine in ganglion.  Thisresearch was supported by Grant 3711/92 from CON-
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