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bstract

This study investigates the mechanisms of action by which a GnRH analogue may modulate the contractility of the bovine
varian follicular wall. The in vitro evaluation of the spontaneous basal contractility of bovine preovulatory and cystic follicles
as performed, followed by testing the effects of lecirelin, a GnRH analogue, on their basal contractility. Strips of tissue in

solated organ bath were employed.
In addition, to better investigate the mechanism of action of lecirelin, the study of the effects of cumulative doses of nifedipine

a calcium channel blocker), phentolamine (an �-adrenoceptor antagonist) and reserpine (an inhibitor of the vesicular up-take of
atecholamines) alone and, at the highest doses employed, associated to lecirelin, was set up.

The results demonstrate that in basal conditions and after the addition of lecirelin, the strips from preovulatory follicles contract
ignificantly more than strips from cysts.

Furthermore, among the patterns of contractility evoked by the three drugs employed, the one induced by nifedipine was the
nly one unaffected by the addition of lecirelin.

The data obtained provide the hypothesis that one of the main mechanisms of action of GnRH, could involve calcium channels.
2010 Elsevier Inc. All rights reserved.
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. Introduction

Ovarian follicular cysts (FC) are the most common
eproductive dysfunction in high producing dairy cows
nd represent an important cause of reproductive failure
nd economic loss for dairy industry [1].

According to Silvia et al [2], FC are defined as
ollicles that achieve a diameter of at least 17 mm and
hat persist for more than 6 days without luteinizing.

* Corresponding author. Tel.: �39 0805443881; fax: �39
805443883.
dE-mail address: r.sciorsci@veterinaria.uniba.it (R.L. Sciorsci).

093-691X/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.theriogenology.2010.06.026
Follicular cysts may undergo spontaneous regression
within the first 50 days post-partum), persistence or re-
lacement by a new cyst (cyst turnover) on the same or on
he opposite ovary [3]. The persisting cysts induce abnor-
al oestrous patterns, such as irregular oestrous cycles,

onstant oestrus (nymphomania) or anoestrus.
Endocrine (mostly GnRH and LH) [2,4] as well as

eceptor deficiencies [5] together with vascular dys-
unctions [6] are the main causes involved in FC de-
elopment.

Beside the above mentioned factors, an alteration in
he ovarian follicular contractility is implied in the

eterminism of FC [7].

mailto:r.sciorsci@veterinaria.uniba.it
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The process of ovulation relies on many events,
mong which, the contraction of the wall of the pre-
vulatory follicle that increases pressure locally and
orces the stigma to protrude from the surface of the
vary [8].

The theca externa layer of the follicular wall is, in
act, endowed with smooth muscle fibers, that are in-
ervated by sympathetic nerves which, under stimula-
ion by �-agonists, induce contraction [9,10].

Ferruz et al [11] hypothesized that also gonadotro-
ins, beside modulating the central nervous activity,
ay act at the sympathetic nerve terminals, to locally

egulate the release of Norepinephrine (NE).
However, the role of the ovarian adrenergic fibers in

nducing the contractility of the follicular wall is still a
atter of debate, in literature [12–14]. Given the above

ited data, an alteration of the contractile apparatus of
he ovary may often result in the development of
C [15].

Among the different therapies adopted for managing
C, the administration of GnRH analogues was shown

o be efficient [1,16,17].
Basing on the well documented presence of GnRH

eceptors on the membrane of granulosa and theca cells
f the follicular wall [18,19] and of smooth muscle
bers on the ovarian external theca, aim of this study
as to investigate the mechanisms of action by which
nRH may modulate ovarian follicular contractility.
Thus the in vitro evaluation of the basal contractility

f preovulatory follicles (PF) and FC, as well as the
ffects of a GnRH analogue, lecirelin, on the sponta-
eous contractility of strips isolated from bovine PF
nd FC were performed.

Lecirelin is a synthetic GnRH analogue which
howed a great efficacy in the treatment of bovine
varian follicular cysts, in previous in vivo experimen-
ations [16,17].

In addition, the effects of a calcium channel blocker,
ifedipine, of an �-adrenoceptor antagonist, phentol-
mine, and of an inhibitor of the vesicular up-take of
atecholamines, reserpine, alone and associated to leci-
elin were tested, to better investigate the mechanisms
f action of lecirelin on PF- and FC-derived strips.

. Materials and methods

The study was performed in 3 large farms of the
outh of Italy, in one year time (2009). 187 dairy cows
estined to slaughter were enrolled in this experimen-
ation. Still on the farms, two clinical examinations

including rectal palpation) and ultrasonographic tran- (
rectal evaluations of the ovaries were performed, 10
ays apart, on all the cows. On the second gynaeco-
ogical exam, the persistence of the same ovarian fluid-
lled structures (wall thinner than 3 mm; absence of the
orpus luteum) occurred in 126 out of 187 cows, which
et us diagnose follicular cysts [2]. The remnant 61
ows were regularly cyclic and in oestrus at the mo-
ent of slaughtering.
All the cows underwent a blood collection from the

occigeal vein, for the quantitative dosage of serum
rogesterone, in order to help differentiate follicular
rom luteal cysts and to define the phase of estrous
ycle.

After stunning, 187 pairs of ovaries were obtained.
oreover, the genital tracts and the functional ovarian

tructures of each cow were examined in order to con-
rm oestrus (preovulatory follicles) or to detect the follic-
lar cysts, as described by Re et al [20]. The follicular and
ystic features were ex vivo confirmed following the
riteria of Silvia et al [2], thus the ovarian structures
ere classified as PF: diameter ranging between 17 and
0 mm; small cystic follicles (FC-S): diameter ranging
etween 17 and 22 mm; large cystic follicles (FC-L):
iameter ranging between 23 and 30 mm.

The time course between slaughter and ovarian col-
ection was 20 � 5 minutes.

Soon after collection, a single physiological or
athologic ovarian structure was excised from each
vary; 2 full-thickness strips (5–10 mm) were cut from
he wall of each follicle or cyst, following the method
ndicated by Walles et al [21]. Briefly, a strip was cut
rom the portion of the follicle or cyst protruding from
he ovaries maintained in Kreb’s solution (pH 7.4, com-
osition: 113mM NaCl, 4.8 mM KCl, 2.2 mM CaCl2 ·
H2O, 1.2 mM MgSO4, 1.2 mM NaH2PO4, 5.5 mM
lucose, 5.5 mM sodium ascorbate).

The strips were divided into 3 groups:

● 122 strips from PF;
● 128 strips from FC-S;
● 124 strips from FC-L.

The tissues were immediately placed in a flask con-
aining chilled (�4 °C) modified pre-carboxygenated
rebs’ solution and transferred to the laboratory. Mean

ransportation time was 15 � 3 minutes.
The strips were placed in two jacketed organ baths

model 4050 Ugo Basile, Varese, Italy), containing 10
l of Krebs’ solution, suspended between parallel

ooks and connected to an isometric force transducer

model 7003, model 7004, Ugo Basile, Italy). Thereaf-
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er, the strips were allowed to equilibrate under 1 gram
ension, for 60 minutes.

The bath was maintained at �37 °C and continuosly
ubbled with a mixture of 95% O2 and 5% CO2. During
he equilibration period, the spontaneous contractility
as recorded with a digital recorder (model 17400,
go Basile, Italy), and elaborated by a software (Data
apsule cat 17.400, Ugo Basile, Italy) for the evalua-

ion of contractility.
Mean basal values of tension (grams) and frequency

number of peaks/time unit) of spontaneous contrac-
ions were evaluated for a 20 minute period followed by
wash out. The strips that did not exhibit contractility
ere discarded and a total number of 330 strips (110

rom PF, 110 from FC-S and 110 from FC-L) were
onsidered for the study, in order to uniform the groups.

The first step of the study concerned the evaluation
f spontaneous contractility of strips derived from PF,
C-S and FC-L (10 for each group). These strips were

et run for 3 1/2 hour [22]. The results obtained were
sed as trend of reference (control) for the following
xperiments. The second step consisted of testing the
ffect of lecirelin (Dalmarelin®, Fatro, Italy) on 51
trips cut from PF, FC-S and FC-L (17 for each group).
he strips were exposed to cumulative concentrations

2.5 ng/mL–12.5 ng/mL–25 ng/mL–125 ng/mL–250
g/mL–1.25 �g/mL–2.5 �g/mL) of lecirelin, for 20
inute periods, and then underwent a wash out. Since

he minimum effective dose of lecirelin was 2.5 �g/mL,
nly this one was used in the subsequent experiments.

Three strips for each group were exposed to the
olvent of Dalmarelin® at the same concentration (2.5
g/mL), for 20 minute periods, in order to exclude its
ventual capability of affecting contraction.

In the third step of the study the evaluation of the
ffects of nifedipine, phentolamine, and reserpine on
he contractility of the ovarian strips was performed.

51 strips (17 for each group) were exposed, for 20
inute periods, to cumulative doses of the L-type voltage-

ctivated calcium channel blocker, nifedipine (Sigma-
ldrich, Milano, Italy) dissolved in ethanol (Sigma-
ldrich, Milano, Italy), at the concentrations tested on

he human myometrium [23]. The concentrations used
ere 10�5 M, 2 � 10�5 M, 5 � 10�5 M. Lecirelin (2.5
g/mL) was added to the maximal effective concentra-

ion of nifedipine (5 � 10�5 M) and the evaluation of
ts effect lasted 20 minutes.

Three strips, for each group, were exposed to etha-
ol, at the same concentrations of nifedipine employed.

Further 60 strips (20 for each group) were exposed,

or 20 minute periods, to cumulative doses of phentol- t
mine hydrochloride (Sigma-Aldrich, Milano, Italy), an
-adrenoceptor antagonist, dissolved in ethanol, at con-
entrations of 50, 100, 150, and 200 �g/mL [24]. The
aximal effective concentration (200 �g/mL) was fol-

owed, after 20 minutes, by the addition of 2.5 �g/mL
f lecirelin, in the organ bath, for further 20 minutes.

Ulterior 51 strips (17 for each group) were exposed to
umulative doses of reserpine (Sigma-Aldrich, Milano,
taly), an inhibitor of the vesicular uptake of cat-
cholamines, dissolved in dimethyl sulfoxide (DMSO)
Sigma-Aldrich, Milano, Italy), for 20 minute periods.
he concentrations used were 5, 10, and 20 �g/mL,
ccording to the doses tested in the uterus of guinea-pig
25]. Lecirelin (2.5 �g/mL) was added to the maximal
ffective concentration (20 �g/mL) of reserpine and the
valuation of its effects lasted 20 minutes.

Nine strips (3 for each group) were exposed to
MSO at the same concentrations of reserpine used.
More 60 strips were incubated overnight, at �4 °C,

ith Krebs’ solution added with 5 �g/mL of reserpine,
issolved in DMSO. Incubation was performed to ob-
ain an in vitro reserpinization, as indicated by previous
tudies [25,26]. The reserpinized strips were exposed to
umulative doses of reserpine, at concentrations of 5,
0, and 20 �g/mL, for 20 minute periods. The maximal
ffective concentration (20 �g/mL) was followed, after
0 minutes, by the addition of 2.5 �g/mL of lecirelin in
he organ bath, for a further 20 minutes.

.1. Statistical analysis

The mean values of tension (grams) and frequency
number of peaks/20 minutes) were evaluated in all the
xperiments, both before (basal) and after the addition of
he substances. The values were expressed as Mean �
EM and were evaluated for statistical significance (P �
.05) with one way ANOVA and Tukey-Kramer’s Mul-
iple Comparison Test.

In the second step, the percentages of variation be-
ween the tension and frequency induced by lecirelin
nd the basal tone were tested. In the third step, the
ame variations were investigated between the values
btained at the maximal doses of each of the drugs
mployed and those detected after the addition of leci-
elin.

. Results

PF showed a spontaneous contractility characterized
y amplitude and frequency significantly higher than
hose of FC-S and of FC-L. Moreover the values of

ension were significantly higher in FC-S than in FC-L
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Fig 1a and 1b). The solvent of Dalmarelin® had no
harmacological effects on the ovaries, at all the con-
entrations tested in these experiments.

Lecirelin (2.5 �g/mL) significantly increased the
ension and frequency of contractions (Figs. 2a and 2b)
n PF, FC-S, and FC-L in comparison with the basal
alues (P � 0.001). Statistically significant differences
n tension and frequency of contractions were found
etween PF vs. FC-S and PF vs. FC-L.

The percentage of increase in tension was higher in
C-L (122%) than in FC-S (74%) and PF (36%),
hereas the increase in frequency was higher in FC-S

69%), than in FC-L (61%) and in PF (29%) (Tables 1a
nd 1b). Ethanol, used to dissolve nifedipine, had no
harmacological actions on the strips at all the concen-
rations employed.

In PF, nifedipine induced a dose-dependent decrease
oth in tension and frequency of contractions, at a mini-
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ig. 1. (a) Mean values of tension in strips of preovulatory follicles
PF), small follicular cysts (FC-S) and large follicular cysts (FC-L).
,B: P � 0.01; A,C; B,C: P � 0.001. (b) Mean values of frequency
f contractions in strips of preovulatory follicles (PF), small follicular
ysts (FC-S) and large follicular cysts (FC-L). A,B: P � 0.001.
um effective dose of 2 � 10�5 M (Figs. 3a and 3b). 0
Furthermore, the addition of lecirelin (2.5 �g/mL)
nduced an increase in tension and in frequency of
ontractions of 3.5% and 4.9%, respectively (Tables 1a
nd 1b).

As to FC-S, the tension and frequency of contrac-
ions underwent a statistically significant decrease (P �
.01) only when the maximum concentration of nifed-
pine (5 � 10�5M) was used.

In the same strips, lecirelin determined an increase
n tension and frequency of 1.9% and of 2.1%, respec-
ively (Tables 1a and 1b).

In FC-L, the minimum effective doses able to exert
ffects on tension and frequency of contractions were
� 10�5 M and 5 � 10�5. The addition of lecirelin

nduced an increase in frequency of contractions of
.8% (Tables 1a and 1b).

As to tension, statistically significant differences
P � 0.001) were found only at PF vs. FC-L and FC-S
s. FC-L.

Phentolamine induced a relaxation of the strips cut
rom PF at a minimum effective dose of 150 �g/mL. In

ig. 2. (a) Mean values of tension in strips of preovulatory follicles
PF), small follicular cysts (FC-S) and large follicular cysts (FC-L),
efore (base) and after lecirelin administration. In the row: a,b: P �
.001; in the column: A,C. P � 0.05; A,B: P � 0.001. (b) Mean
alues of frequency of contractions in strips of preovulatory follicles
PF), small follicular cysts (FC-S) and large follicular cysts (FC-L),
efore (base) and after lecirelin administration. In the row: a,b: P �

.001; In the column: A,B: P � 0.01; A,C: P � 0.05; A,D: P � 0.001.
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he same strips, lecirelin (2.5 �g/mL) increased tension
nd frequency of contractions of 23% and 10.9%, re-
pectively (Tables 1a and 1b).

FC-S underwent significant decreases in tension (at
he dose of 200 mcg/mL) and frequency (at the dose of
50 mcg/mL) of contractions. Increases in tension
12.1%) and frequency (5.6%) of contractions occurred
n FC-S after the addition of lecirelin (2.5 �g/mL)
Tables 1a and 1b).

As to FC-L, the pattern of contraction was similar to
hat of FC-S. The increases in lecirelin-induced tension
nd frequency of contractions were 9% and 6.8, respec-
ively (Tables 1a and 1b).

The statistical comparison of tension and frequency
f PF vs. FC-S and PF vs FC-L revealed statistically
ignificant differences at all the concentrations tested
Figs. 4a and 4b).

DMSO, used to dissolve reserpine, had no pharma-
ological actions on the strips, at all the concentrations
mployed.

In PF, reserpine significantly augmented the tension
nd frequency of contractions starting from a dose of 10
g/mL. After the addition of lecirelin (2.5 �g/mL) the

ncreases in tension and frequency were 21% and
3.4% (Tables 1a and 1b).

In FC-S, tension showed a significant increase at a
inimum effective dose of 20 �g/mL of reserpine;

ncreases of 18.8% in tension and 15.1% in frequency
ere observed, after the addition of lecirelin (Tables 1a

nd 1b).
As to FC-L statistically significant increases both in

ension and frequency of contractions occurred after the

able 1a
ercent increases of tension after the addition of lecirelin to: strips t
ifedipine, phentolamine, reserpine and reserpine overnight. (PF: pre
ysts).

Tension Lecirelin % Lecirelin �
nifedipine %

PF 35 3,5
FC-S 74 1,9
FC-L 122 0

able 1b
ercent increases of frequency after the addition of lecirelin to: strip
f nifedipine, phentolamine, reserpine, and reserpine overnight.

Frequency Lecirelin % Lecirelin �
nifedipine %

PF 29 4,9
FC-S 69 2,1

FC-L 61 3,8
ddition of lecirelin. Lecirelin induced an increase in
ension and frequency of 63.6% and 31.6% respec-
ively, in comparison with the maximum dose of reser-
ine employed (20 �g/mL) (Tables 1a and 1b).

Tension showed statistically significant differences
etween PF and FC-L at all the concentrations tested.
he maximum dose of reserpine employed (20 �g/mL)
nd the addition of lecirelin induced significant in-
reases between FC-S and FC-L.

The comparisons of the frequencies of contractions
etween PF and FC-S and between PF and FC-L were
ignificant at a dose of 10 �g/mL of reserpine and after
he addition of lecirelin. No statistically significant dif-
erences were found between FC-S and FC-L (Figs. 5a
nd 5b).

The minimum effective dose of reserpine able to
nduce a significant decrease in tension of the reserpin-
zed strips was 10 �g/mL for PF, FC-S and FC-L. The
ddition of lecirelin (2.5 �g/mL) increased tension of
.5% in PF and 5.2% in FC-S (Tables 1a and 1b).

Frequency of contractions gave rise to different
rends in the different tissues tested. Reserpine relaxed
F in a dose-dependent way (P � 0.001), whereas, the
ddition of lecirelin increased contractions of 43.9%
Tables 1a and 1b).

As to cysts, no significant responses were observed
t all the concentrations of reserpine tested, whereas the
ddition of lecirelin increased frequency of contractions
f 3.4% and 6.4%, in FC-S and FC-L, respectively
Tables 1a and 1b).

5 �g/mL of reserpine induced statistically signifi-
ant differences in tension of contractions between PF

ith lecirelin; strips treated with lecirelin at the maximum dose of
ry follicles; FC-S: Small follicular cysts; FC-L: Large follicular

relin �
lamine %

Lecirelin �
reserpine %

Lecirelin � reserpine
overnight %

23 21 3,5
2,1 18,8 5,2
9 63,6 0

d with lecirelin; strips treated with lecirelin at the maximum dose

irelin �
olamine %

Lecirelin �
reserpine %

Lecirelin � reserpine
overnight %

10,9 23,4 43,9
5,6 15,1 3,4
reated w
ovulato

Leci
phento

1

s treate

Lec
phent
6,8 31,6 6,4
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nd FC-S, PF and FC-L, FC-S and FC-L (P � 0.001),
hereas a dose of 10 �g/mL induced significant differ-

nces in tension of contractions between PF and FC-S
P � 0.01), PF and FC-L (P � 0.01) (Figs. 6a and 6b).

. Discussion

Contractility of theca externa layer of the wall of the
reovulatory follicle is one of the main factors involved
n its rupture, thus in ovulation. Both PgF2� and ad-
energic innervations (mainly �-adrenergic receptors)
re responsible for making this process occur [8,9].

An alteration of these mechanisms may lead to an
nefficacious contraction of the smooth muscle fibres of
he follicular wall and, consequently, to the develop-
ent of the follicular cysts. The results obtained in the
rst step show a significant increase in the contractility

ig. 3. (a) Mean values of tension in strips of preovulatory follicles
PF), small follicular cysts (FC-S) and large follicular cysts (FC-L).
ose-dependent effects of cumulative concentrations of nifedipine

ollowed by a single dose of lecirelin. In the row: a,b; c,d: P � 0.001;
,d: P � 0.05; f,g: P � 0.01. In the column: A,B: P � 0.001; E,D:
� 0.05; F,G: P � 0.01. (b) Mean values of frequency in strips of

reovulatory follicles (PF), small follicular cysts (FC-S) and large
ollicular cysts (FC-L). Dose-dependent effects of cumulative con-
entrations of nifedipine followed by a single dose of lecirelin. In the
ow: a,b: �0.001; e,d: P � 0.05; f,g; h,i: P � 0.01. In the column:
,B: P � 0.001; E,D: P � 0.05; F,G: P � 0.01.
f PF compared to FC and, among the latter, FC-S o
diameter: 17–22 mm) contract more than FC-L (diam-
ter: 23–30 mm).

The different patterns of contractility observed could
ave been determined by a likely reduction in contrac-
ile microfilaments in the cystic follicles. Estrogens, in
act, were shown to up-regulate the expression of these
ontractile elements, in the follicular wall [26]. In the
C, the reduced density of estrogen receptors [27] may
ave led to a minor expression of the smooth muscle
bers and, consequently, to a reduction in contractility.

Moreover, in FC-L, the over-stretching of the thecal
ontractile fibers may have further impaired their capa-
ility of contracting.

These experimental data demonstrate that lecirelin
n vitro increased the spontaneous contractility of both
F and FC preparations.

These results indirectly confirm the presence of bi-
logically active GnRH receptors in preovulatory fol-
icles. Many Authors already showed the presence of
hese receptors in granulosa and luteal cells [18,28,29],
hereas no data exist, to the best of our knowledge,

bout the presence of GnRH receptors, in follicular
ysts. Calder et al [30] found an up-regulated expres-
ion of LH receptors in cysts, compared to dominant
ollicles.

The results of this study evidence that lecirelin in-
uced a higher increase in contractility in FC (particu-
arly in FC-L), than in PF. This let us hypothesize the
xpression of GnRH receptors also in the cystic wall, or
ecirelin is supposed to have bound to LH receptor,
elonging both GnRH and LH receptors to the super-
amily of membrane G protein-coupled receptors [8].

This last hypothesis could be strengthened by the
esults of Mitwally and Casper [31], showing that
nRH agonists may in vitro affect the expression

nd/or the activation of LH receptors in granulosa cells.
Beside the evaluation of the lecirelin-mediated ef-

ects on follicular cysts, the study aimed at elucidating
he supposable mechanisms of action by which lecirelin
ay act.
Nifedipine, a calcium channel blocker, induced a

elaxation of all the strips employed, at all the concen-
rations tested, in a dose-dependent way. Following the
ddition of lecirelin, the strips of both PF and FC didn’t
how any statistically significant difference in contrac-
ions.

The inability of the preparations to contract also
fter the addition of the GnRH analogue lets us hypoth-
size that the contractility evoked by lecirelin may rely

n calcium flux. The activation of GnRH receptors by
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heir agonists, in fact, fires a cascade mechanism in-
olving the intracellular augment of Ca2� [32–34].

As to phentolamine, it induced a relaxation of the
trips, more evident in the FC than in the PF. This result
s in accordance with the results of Manni et al [35],
ho showed an augmented density of alpha adrenergic

eceptors in the follicular cysts, compared to preovula-
ory follicles. After the addition of lecirelin, an increase
n the contractility occurred more evident in PF than in
C. This different pattern may result from the major
hentolamine-dependent relaxation observed in the FC
han in the PF.

However, the increase in contractions observed after

ig. 4. (a) Mean values of tension in strips of preovulatory follic
ose-dependent effects of cumulative concentrations of phentolamine
.05. In the column: A,B: P � 0.001. (b) Mean values of frequency
FC-S) and large follicular cysts (FC-L). Dose-dependent effects of
ecirelin. In the row: a,b: P � 0.001; e,d: P � 0.05. In the column:
he addition of lecirelin could suggest that an interac- l
ion with the postsynaptic adrenergic transmission is
ot among the main mechanisms of action of lecirelin.

The administration of reserpine at medium-high
oses (10, 20 �g/mL) transiently increased contractility
f the strips. Lecirelin determined an increase of the
eserpine-induced contractile activity, even if short-
asting, and not a relaxation, as it was expected.

The observed phenomenon could be due to the phar-
acodynamic properties of reserpine, which inhibits

he pre-synaptic vesicular uptake of NE [36], its intra-
xonal accumulation and its consequent passive diffu-
ion in the synaptic vallum.

In such conditions, the little amount of NE which is

), small follicular cysts (FC-S) and large follicular cysts (FC-L).
ed by a single dose of lecirelin. In the row: a,b: P � 0.001; e,d: P �
actions in strips of preovulatory follicles (PF), small follicular cysts
ative concentrations of phentolamine followed by a single dose of
� 0.001; E,D: P � 0.05; F,G: P � 0.01.
les (PF
follow

of contr
cumul
ikely present in the synaptic vallum may reach the
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ost-synaptic fiber, thus leading to the contraction ob-
erved. These results are in accordance with those ob-
ained by Nayler [25] who evidenced a transient ino-
ropic positive effect on heart preparates in vitro
xposed to constant doses of reserpine.

The addition of lecirelin may have synergistically
ct with reserpine, prolonging its contractile effect.

The overnight incubation of strips of follicular and
ystic walls in Krebs’ solution added with reserpine (5
g/mL), may have induced a decrease in the uptake of
E in the pre-synaptic vesicles of the ovarian adrener-

ig. 5. (a) Mean values of tension in strips of preovulatory follic
ose-dependent effects of cumulative concentrations of reserpine foll

,g: P � 0.01. In the column: A,B: P � 0.001; E,D: P � 0.05; F,G: P �
ollicles (PF), small follicular cysts (FC-S) and large follicular cysts
ollowed by a single dose of lecirelin. In the row: a,b; e,c: P � 0.001
.05; F,G: P � 0.01.
ic fibers, thus leading to a gradual vesicular decrease, a
ue to the enzymatic degradation exerted by Mono-
mino oxidase (MAO); these events may have blocked
he adrenergic nervous transmission for a depletion of
he neurotransmitter.

These results are in accordance with the negative
notropic effect observed by Nayler [25], in heart iso-
ated strips, excised from in vivo reserpinized subjects.
urthermore, other in vitro studies demonstrated the
epressant effects of reserpine on the myometrial con-
ractile activity [24,37].

The absence of significant augments of contractility

), small follicular cysts (FC-S) and large follicular cysts (FC-L).
y a single dose of lecirelin. In the row: a,b: P � 0.001; e,d: P � 0.05;
b) Mean values of frequency of contractions in strips of preovulatory

). Dose-dependent effects of cumulative concentrations of reserpine
� 0.05; f,g: P � 0.001. In the column: A,B: P � 0.001; E,D: P �
les (PF
owed b

0.01. (
(FC-L
; e,d: P
fter the addition of lecirelin to the reserpinized strips
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uggests that, even the supposable intracellular increase
f Ca2� promoted by the GnRH analogue, may have
ot been able to promote contraction, in a condition of
epletion of the neurotransmitter.

. Conclusions

The results of this study let us hypothesize that
ecirelin induces different contractility patterns in nor-
al follicular preparations and in cystic samples and

hat these effects likely involve calcium channels. This
onclusion derives from the observation that the lowest

ig. 6. (a) Mean values of tension in strips of preovulatory follic
ose-dependent effects of cumulative concentrations of reserpine ove
� 0.05. In the column: A,B: P � 0.001; F,G: P � 0.01. (b) Mean

mall follicular cysts (FC-S) and large follicular cysts (FC-L). Do
ollowed by a single dose of lecirelin. In the row: a,b; c,d: P � 0.00
ontractility observed after the addition of lecirelin oc- p
urred in strips previously treated with nifedipine, a
alcium channel blocker. The binding of lecirelin to
nRH receptors, in fact, results in the augment of

ytosolic Ca2� [38,39], responsible for the initiation of
he cascade of events leading to smooth muscle con-
raction.

These results suggest that GnRH, beside its central
ction, may modulate the contractility of the follicular
all, probably exerting a direct effect on calcium chan-
els and indirectly affecting the nervous adrenergic
ransmission.

In conclusion, this study confirms the contractile

), small follicular cysts (FC-S) and large follicular cysts (FC-L).
ollowed by a single dose of lecirelin. In the row: a,b: P � 0.001; e,d:
of frequency of contractions in strips of preovulatory follicles (PF),
ndent effects of cumulative concentrations of reserpine overnight
e column: A,B: P � 0.001.
les (PF
rnight f
values
se-depe
roperties of GnRH analogues on smooth muscle fi-
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res, spreading light on the deep mechanisms of action
f these molecules and of the complex process of ovu-
ation.
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