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Abstract

v

Steroids synthesized in the central nervous sys-
tem are termed “neurosteroids”. They are syn-
thesized and metabolized in several brain areas.
The objective of this work was to determine if 1
intracerebroventricular allopregnanolone injec-
tion in rats can interfere in luteal regression in a
close relationship with modifications in LH, pro-
gesterone, and prolactin serum concentrations.
Allopregnanolone was injected during proestrus
morning and the animals were sacrificed on
oestrous morning. Ovulation test and histologi-
cal analysis were performed in the oestrus morn-
ing with light and electron microscopy. Serum
prolactin, LH, and progesterone levels were
measured by radioimmunoassay. The allopreg-
nanolone injection significantly decreased lutei-
nizing hormone serum level and the number of

oocytes on oestrus. Progesterone and prolactin
serum levels were increased after this injection.
The inhibition of apoptotic figures due to allo-
pregnanolone administration was detected in
the already formed corpora lutea belonging to
the previous ovary cycle and it was significantly
lower than in vehicle group (control). When the
GABA, antagonist (bicuculline) was adminis-
tered alone or previously to allopregnanolone,
no effect on the ovulation rate was observed.
No changes in the apoptotic cell numbers were
observed with respect to those of vehicle group.
These results show that the effect of centrally
injected allopreganolone over reproductive
function could be due to a centrally originated
LH mediated effect over ovarian function that
affects luteal regression, through the inhibition
of apoptosis and stimulation of progesterone and
prolactin release.

Introduction

v

Steroids synthesized in the central nervous sys-
tem are currently termed “neurosteroids”. They
are known to be synthesized and metabolized in
several brain areas (i.e., cortex, hypothalamus,
and hippocampus). The neurosteroids have been
reported as important modulators of functions of
the central nervous system activities [1]. Changes
in neurosteroids levels during development and
in adults are involved in many physiological and
pathological processes as premenstrual syn-
drome, stress, depression, epilepsy, and Alzhe-
imer’s disease [2]. Neurosteroids affect brain
function through actions at their cognate estro-
gen and progesterone receptors, or modulating
receptors whose primary transmitter is not a
steroid (e.g., GABA, receptor) [3].

Particularly, allopregnanolone is a neuroesteroid,
which is a positive allosteric modulator of GABA,
receptors exhibiting anxiolytic and anticonvul-

sant properties [4,5]. It has been shown that
these neurosteroids facilitate GABA action at
nanomolar concentrations and open the chloride
channel at micromolar concentrations [6-10].
The mechanism of action of neurosteroids is
known to be involved at 2 different kinds of
responses: a fast one (nongenomic), through cell
membranes called a surface effect, which modu-
lates ion-channel associated receptors. The slow
response (genomic), is mediated by a cytosolic
receptor that activates genomic expression of
specific proteins [11]. Changes in GABA, receptor
binding affinity after estradiol administration
have been attributed to genomic mechanisms
whereas the rapid effects of these neurosteroids
would occur as a result of a direct interaction
with GABA, receptor [12,13].

A new approach to understand the mechanism of
action of neurosteroids derived from Micevych et
al. [14], who have demonstrated that estrogen-
induced increase of neuroprogesterone precedes
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the LH surge, which is blocked by an inhibitor of 3B-HSD, the
enzyme that converts pregnenolone to progesterone. These data
suggest that de novo synthesis of progesterone from cholesterol
in the hypothalamus is a critical part of the estrogen positive-
feedback mechanism that stimulates the LH surge. Previously
we have reported that 30min after intracerebroventriculary
administration of allopregnanolone in ovariectomized (OVX)
estrogen-progesterone primed rat inhibits lordosis behavior
[15]. The injection of the GABA, antagonist bicuculline, prior to
allopregnanolone, blocked the effects. In the same way, we
found an increase in endogenous dopamine concentration with
a decreased the turnover rate in medial basal hypothalamus and
preoptic area. Moreover, in vitro H-dopamine release in medial
basal hypothalamus slices was less in allopregnanolone injected
rats [15]. On the other hand, the inhibitory effect of allopregna-
nolone on LH surge has been shown as related to a decrease of
dopaminergic activity in the medial basal hypothalamus [15]. In
addition, an increase in dopaminergic activity in the preoptic
hypothalamic area has been related to an ovulation delay in rats
[16], associated with modifications in serum prolactin levels.
We demonstrated that allopregnanolone enhances a modula-
tory action of NMDA receptors with a direct effect on hypotha-
lamic LHRH release and over the neuronal network afferent to
LHRH neurons that are involved in the glutamatergic system
[17]. Taken together, these studies showed that the influence of
allopregnanolone on dopaminergic, glutamatergic and GABAaer-
gic systems could play an important role in the reproductive
function.

During the estrous cycle, the preovulatory surge of LH causes
ovulation in the evening of proestrus and the subsequent forma-
tion of corpus luteum (CL), consisting in luteinization of follicu-
lar cells, endothelial cell invasion, and tissue remodeling. The
last one includes changes in the extracellular matrix (ECM)
[18,19]. The CL in rodents is considered a transient endocrine
gland that forms after ovulation, contributes to the regularity of
the estrous cycle and becomes fully functional during preg-
nancy. Its main secretory product is progesterone (Pg), obtained
from pregnenolone by the enzyme 33-hydroxysteroid dehydro-
genase (3B-HSD). Dynamic changes in cellular composition and
response to different regulators, facilitates the transition
between the different reproductive cycles [18]. Luteal regression
(luteolysis) is defined as a decrease in the secretion of Pg (func-
tional regression) [20] and subsequent involution of the luteal
tissue, including cells with and without steroidogenic character-
istics (structural regression) [21]. The structural involution of
the corpora lutea is, however, clearly evident only after proe-
strus stage as a consequence of an apoptotic phenomenon, but
little is known about the mechanisms that could mediate the
central allopregnanolone actions on the ovarian physiology. We
propose that allopregnanolone could act on the corpus luteum
maintaining its capacity inhibiting apoptosis even while struc-
tural regressing began.

The purpose of the present investigation is to determine whether
centrally administered allopregnanolone could interfere with
luteal regression process in a close relationship with changes in
LH, prolactin and progesterone serum levels. To study the actions
of allopregnanolone on the rat ovary, we tested the ovarian mor-
phological and histological changes in close relationship with
modifications in neuroendocrine responses.
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Materials and Methods
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Animals

Adult female rats bred in our laboratory (Sprague-Dawley strain)
weighing 200-250g were used in these experiments. They were
housed at a temperature of 22+2°C and 12-h light schedule
(lights on at 07:00 AM) with controlled environment for food
and water ad libitum (standard rat chow Cargil, Cérdoba, Argen-
tina). They were housed in groups of 4 animals/cage. Animals for
experiments were kept and handled according to the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals of the National Research Council (National Academies,
U.S.A., 8t Edition, 2011).

Drugs

Allopregnanolone [3a-hydroxy-5a-pregnan-20-one, (Sigma
Chemical Co., St. Louis, MO, USA)], bicuculline methiodide 1(S) B,
(Research Biochemical’s International Inc, MA, U.S.A), penicillin
G benzathine (Riched, Argentina), and chloral hydrate (Anedra,
Argentina) were used. Stocks of allopregnanolone were initially
dissolved in propyleneglycol to a concentration of 0.6mM. In
order to make negligible the final amount of propyleneglycol,
the dose of allopregnanolone used in the experiment (6 uM) was
obtained by dilution in Krebs-Ringer bicarbonate glucose (KRBG)
buffer at pH 7.4. Not with standing, control animals were
injected with KRBG (vehicle) containing propyleneglycol in
equivalent concentrations to that used in experimental groups.
The dose of allopregnanolone was chosen to mimic its maximal
circulating level during stress [22]; and it was used in our previ-
ous report of sexual and anxiety behavior effects [4]. Drugs were
injected intracerebroventriculary (i.c.v.) in 1pl injection volume.

Surgical procedures

The stainless-steel cannulae assembly was stereotaxically
inserted into the right lateral ventricle in rats under chloral
hydrate anesthesia (400 mg/kg i.p.). The following coordinates
from bregma were used, in accordance with the coordinates of
Paxinos and Watson’s Atlas [23], AP: +0.4mm, L: —1.5mm, and
DV: -4mm. At the end of the surgery, cannulae were sealed
with a stainless steel wire to protect them from obstruction. To
prevent infections, each animal received an injection of 0.2ml
intramuscular of 1 200000 UI penicillin G benzathine (1UI=0.6 ng;
72 mg/rat). Animals were housed singly in Plexiglas cages and
were maintained for a week undisturbed in order to recover the
estrous cycle. At the end of the experiments, the location of the
guide cannula into the lateral ventricle was confirmed by the
injection of blue ink and then decapitated. Only animals with
confirmed microinjection into right lateral ventricle were
included in the study.

Experimental procedure

All drugs were injected into the right lateral ventricle of freely
moving rats in a volume of 1ul during 60s. A stainless-steel nee-
dle was placed into the guide cannula and connected by a sili-
cone catheter to a Hamilton microliter syringe. The injection
cannula was left placed for an additional minute to avoid reflux.
On the proestrus morning different groups of rats (experimental
groups, n=38 animals/group) received a single i.c.v. injection of
(1) allopregnanolone (6 uM), (2) bicuculline (9.8 uM), (3) bicuc-
ulline plus allopregnanolone, or (4) vehicle. Twenty four hours
after, estrus morning (09:00h), the animals were decapitated.
The ovaries were removed and cleaned free of fat and their ovi-



ducts were flushed with saline solution. The number of oocytes
present was counted with the aid of a dissecting microscope
[24]. After that, 1 ovary was processed for routine optic micros-
copy (hematoxilin-eosin staining), whereas the other ovary was
enucleated and processed for electron microscopy.

Morphological analysis: light and electron microscopy
For light microscopy, the ovaries were placed overnight at room
temperature in a solution 10% phosphate buffered neutral for-
malin, dehydrated in ethanol series, cleared in xylene, and
embedded in paraffin. Serial paraffin sections 5um thick were
mounted on 3-aminopropytriethoxysilane (Sigma Chemical Co.,
St. Louis, MO, USA) coated slides and used for routine hematoxy-
lin and eosine staining. The tissue samples were observed and
photographed with Zeiss IM 35 microscope. For electron micro-
scopy, the ovaries were fixed for 1hin 5% glutaraldehyde (TAAB)
in 0.1 M cacodylate buffer (pH 7.2-7.4). They were post-fixed in
1% osmium tetroxide and 1% potassium ferrocyanide in the
same buffer for 4h, dehydrated in a series of cold (4 °C) graded
acetone, and embedded in Araldite. Thin sections, were cut with
a diamond knife in a Porter-Blum MT-2 ultra microtome, and
examined using a Siemens Elmiskop 1A electron microscope.

Hormone assays

Animals were killed by decapitation. Trunk blood was collected
for each experimental group in heparinized tubes and centri-
fuged during 15min at 3000 rpm (Beckman TJ-6RS). The plasma
obtained was kept frozen (-30°C) until hormone assays were
run. Serum LH and PRL were determined by RIA using kits sup-
plied by the National Hormone Pituitary Program, USA. The LH
standard was NIDDK-rLH-RP-3 and the antibody NIDDK anti-
body rLH-S-11, and PRL standard was NIDDK-rPRL-RP-3 and the
antibody NIDDKantibody-rPRL-S-9. The sensitivity of the assay
was 0.5ng/tube. The intra- and inter-assay coefficients of varia-
tion were 9% and 11%, respectively. The data were expressed in
nanograms per milliliter of serum in terms of NIDDK-rLH-RP-1
and NIDK-rPRL-RP-3 reference preparation. Progesterone con-
centrations were measured using a commercially obtained kit
(Diagnostic Products Corporation, LA, CA, USA). The sensitivity
of the assay was 0.02 ng/ml, and the inter- and intra-assay coef-
ficients of variation were 5% and 6%, respectively.

Counting of apoptotic cells

Apoptotic cells were counted in hematoxilin-eosin stained tis-
sue sections following the procedure described by Van Dsche-
pop HA et al. [25] and Telleria CM et al. [26]. A microscope with
a 100x objective was used for analysis in each corpus luteum for
the presence of fragmented nuclei. Only cells with advanced
signs of apoptosis (containing multiple nuclear fragments) were
selected. Four corpora lutea per animal were analyze, and
approximately 500 cells per corpus luteum were studied. The
results were expressed as a number of apoptotic nuclei per high-
power field.

In situ detection of apoptosis

Nuclei exhibiting DNA fragmentation were detected by using the
Death End Colorimetric Apoptosis System (Promega, Madison,
WL, USA), which end-levels the fragmented DNA of apoptotic
cells using a modified TUNEL (TdT-mediated the UTP Nick-End
Labeling) test. This kit was used according to the instructions of
the supplier with slight modifications. Paraffin-embedded sec-
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Fig. 1 Effects of allopregnanolone on the number of oocytes obtained

from cycling rats injected with vehicle, Allo, Bi, and Bi + Allo (Allo: al-
lopregnanolone, Bi: bicuculline). Results are expressed as mean + SEM of 8
animals per experimental group from respective control. ***p<0.001.

tions were the deparaffinized 5min in xylene, washed in 100%
v/v ethanol for 5min at room temperature, and rehydrated by
sequentially immersing the slices through graded ethanol
washes (95% v/v and 70% v/v) for 5min each at room tempera-
ture. Slides were then washed in distilled water for 5min at
room temperature and fixed in 10% v/v phosphate buffer neutral
formalin for 15min at room temperature. Sections were then
washed twice in TBS for 52 min at room temperature and sub-
jected to proteinase K treatment (20ug/ml) in TBS for 15min.
Tissue sections were washed in TBS for 5min and refixed in 10%
v/v phosphate buffered neutral formalin for 5 min. Sections were
washed, incubated with equilibration buffer for 10min, and
treated with the TUNEL reaction mixture containing terminal
deoxynucleotidyl transferase (TdT) and biotinylated nucleotides
for 60 min at 37 °C. When the reaction was terminated, the slides
were washed twice in fresh TBS for 5min at room temperature,
and the endogenous peroxidases blocked in 3% hydrogen perox-
ide for 5min at room temperature. After a new TBS wash, sections
were incubated with streptavidin conjugated with horse-radish
peroxides (HRP) for 30min at room temperature. Negative con-
trols were incubated with label solution lacking TdT. Afterwards,
3" end-bound streptavidin-HRP was visualized by incubation with
diaminobenzidine (DAB) according to manufacturer’s instruc-
tions. Finally, sections were counterstained with hematoxylin,
mounted, and analyzed with light microscopy.

Statistical analysis

Comparisons between the means of 2 groups were carried out
using the Student t-test. For multiple comparisons, One-Way
Analysis of Variance (ANOVA I) followed by a post-hoc Newman-
Keuls test was used data were expressed as means + SEM; p<0.05
was considered as minimum criterion for assigning statistical
significance.

Results

v

Effect of allopregnanolone on the oocytes humber
Allopregnanolone injection induced a significant decrease in the
number of oocytes in oestrous rats in comparison with the other
groups (p<0.001, © Fig. 1).
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- Original Basic

0.2 4

0.1

LH serum levels (ng/ml)

0.0

Vehicle Allo Bi Bi+Allo
1 2 - Fdkdk

10

Prolactin serum levels <
(ng/ml)
[o)]
1

: B mm

Vehicle Allo Bi Bi + Allo

[a}

40 -

* %

30+

20

10 +

Progesterone (ng/ml)

Vehicle Allo Bi Bi + Allo
Fig. 2 Effect of allopregnanolone on luteinizing hormone a, prolactin b,
and progesterone c serum levels in estrous rats after i.c.v. injection with
vehicle, Allo, Bi, and Bi + Allo into right lateral ventricle. Results are ex-
pressed as means +S.E.M. of 8 rats per experimental group. ***p<0.001
**p<0.01.

Effect of allopregnanolone on luteinizing hormone,
prolactin, and progesterone serum levels
Allopregnanolone injection induced a significant decrease in LH
serum concentrations compared with those observed in the
control group (p<0.01, © Fig. 2a). The injection of bicuculline
prior to allopregnanolone reverted the effect induce by allopreg-
nanolone (p<0.01). The injection of bicuculline alone did not
altered LH serum levels compared with those observed in the
control group (© Fig. 2a). The prolactin serum level was signifi-
cantly increased in animals injected with allopregnanolone
compared with those observed in the control group (p<0.001).
The injection of bicuculline prior to allopregnanolone reverted
this effect (p<0.001). The injection of bicuculline alone did not
altered prolactin serum levels as it was observed in the control
group (© Fig. 2b). Serum progesterone levels were significantly
increased by allopregnanolone injection compared with those
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observed in the control group, (p<0.05). The injection of bicuc-
ulline prior to allopregnanolone reverted the effect induced by
allopregnanolone (p<0.001). The injection of bicuculline alone
did not altered progesterone serum levels compared with those
observed in the control group (© Fig. 2c).

Effect of allopregnanolone on the ovarian histology
(light microscopy)

Under the light microscopy, a lot of apoptotic cells were evident
in corpora lutea of rats injected with vehicle (© Fig. 3A upper
panel), bicuculline (© Fig. 3C) or bicuculline plus allopregna-
nolone (© Fig. 3D). The apoptotic cells showed a single small
densely stained nucleus with pyknotic appearance or nuclei
containing marginated chromatin or cells containing multiple,
smaller, densely staining nuclear fragments. In addition, the
apoptotic cells displayed an intense cytoplasmic eosinophilic
stain. Numerous apoptotic cells were detected in the control
group injected with vehicle (© Fig. 3A). Animals injected with
allopregnanolone (© Fig. 3B) exhibit steroidogenic cells in cor-
pora lutea that consisted primarily of large nucleated polyhedral
cells with abundant cytoplasm and regular circular nuclei with
dispersed chromatin and 1 or 2 nucleoli. The numbers of apop-
totic cells were significantly decreased after the i.c.v. allopregna-
nolone administration (© Fig. 3B). Whereas allopregnanolone
injected animals had an average of 2.7+0.9 (n=190) apoptotic
cells per each high power field, rats receiving the vehicle showed
an average of 23.5+2.5 (n=200) (p<0.001) (© Fig. 3A). There
were no differences in the number of apoptotic cells with the
bicuculline (© Fig. 3C) and bicuculline plus allopregnanolone
(© Fig. 3D) in treated groups compared with the control group.

Effect of allopregnanolone on the corpora lutea
apoptosis

The apoptotic nature of the cells displaying fragmented nuclei by
routine staining was validated by using and in situ 3’ end labe-
ling (apoptosis detection system-TUNEL). The results were
expressed as the mean+SEM of the number of apoptotic cells
per 10 high-power fields in corpora lutea obtained from estrous
rats. The number of apoptotic nuclei were significantly lower in
allopregnanolone treated group in comparison with vehicle
(p<0.001) (© Fig. 3, lower panel).

Effect of allopregnanolone on the ovarian histology
(electron microscopy)

The morphological changes observed by light microscopy were
confirmed by electron microscopy to study the ultra structural
features of the apoptotic cells. Ultrastructurally, the cells from
vehicle injected rats (© Fig. 4A, B, C), which were undergoing
apoptosis exhibit a heavily deteriorated smooth endoplasmic
reticulum with distention and fragmentation. The luteal cells
undergoing apoptosis exhibits their cytoplasm organization
heavily deteriorated due to organelle swelling and fragmenta-
tion, mainly of the smooth endoplasmic reticulum. The nuclei in
luteal regression displayed marked chromatin condensation and
a prominent perinuclear space. In a more advanced degree, large
and irregular aggregates of condensed chromatin are seen in
apoptosis. After fragmentation of the nucleus, chromatin aggre-
gates were observed among cytoplasmic residues, condensing
into apoptotic bodies. The well preserved corpus luteum cells
observed from allopregnanolone injected rats (© Fig. 4D, E, F)
contain a large round nucleus, with dispersed chromatin, and 1
or 2 nucleoli, a Golgi complex, a moderate amount of rough
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Fig. 3 Upper panel: Light micrographs of corpora lutea cells from rats
after treatment with vehicle A, Allo B, Bi C, and Bi + Allo D. Short black
arrows point to apoptotic bodies in panels A, C, and D. Allo: allopregna-
nolone, Bi: bicuculline. Bar inset in panel D=35 pm. Lower panel: Light
micrographs of corpora lutea cells using in situ 3’ end labeling (TUNEL)
after treatment with vehicle A. Black arrows indicate small densely
stained nucleus, nuclei with marginated chromatin and cells with nuclear
fragments and after treatment with Allo B. White arrows indicate healthy
luteal cells.

endoplasmic reticulum, abundant smooth endoplasmic reticu-
lum, and the numerous pleomorphic mitochondria characteris-
tic of steroidogenic cells.

Discussion

v

In the present work, we have shown that central administration
of allopregnanolone in proestrous intact rats significantly inter-
fered with the luteal regression process. This was demonstrated
by the finding that after 24 h of centrally administered allopreg-
nanolone there was a decrease in the number of apoptotic cells.
A significant amount of apoptotic cells has been identified in the
regressing corpora lutea of the vehicle injected rats in contrast
with corpora lutea of animals injected with allopregnanolone,
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Fig. 4 Electron micrographs of the corpora lutea cells from vehicle
treated rats (Micrographies A, B and C, white head arrows) show a pro-
gressive chromatin clumping during the physiological apoptotic process.
See also the cytoplasm organelle reduction and alterations especially

in the advanced stage. Micrographies D, E, and F show luteal cells from
allopregnanolone treated animals (black head arrows). Observe the even
chromatin distribution and the perfectly well preserved organelles. Bar
inset in panel C=400 pm.

where an inhibition of apoptotic process was found. Also, the
ovulation and the LH release were inhibited and the progester-
one and prolactin serum levels were augmented. These results
show that the central effect allopreganolone over reproductive
function could be due to a centrally originated LH mediated
effect over ovarian function, that affect luteal regression, through
the inhibition of apoptosis and stimulation of progesterone and
prolactin release.

Despite the known effect of LH on the corpus luteum as luteo-
tropic factor, it also has been proposed that LH may have a del-
eterious effect on the decreasing luteal function during the cycle
and at the end of pregnancy [27,28]. LH also inhibits the conver-
sion of pregnenolone to progesterone and stimulates the 20a-
HSD activity and gene expression [28]. According to our results,
an inhibition of LH serum levels could be responsible of the
increase in serum progesterone levels.

Recently, Micevych et al. [29] have shown that progesterone pro-
duced in the central nervous system (neuroprogesterone) is
capable of positively regulating the release of LH. This concept
reinforces our hypothesis about the actions of neurosteroids as
potent modulators of neuroendocrine regulatory systems capa-
ble of producing changes at the peripheral glands like ovary.
Studies to date have demonstrated that luteolysis is a process
highly regulated by hormones [18,30-33] and because apopto-
sis is associated with luteolysis, it is assumed that apoptotic cell
death in the corpus luteum is a hormonally regulated process.
Luteal regression in the rat is a complex process that involves 2
stages: the first named functional regression is characterized by
a rapid decrease in the capacity of the gland to produce and

Laconi MR et al. Allopregnanolone Effect in Rat Ovary... Horm Metab Res
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secrete progesterone. The second, called structural regression, is
characterized by a decrease in the weight and size of CL, which
regresses within the ovarian stroma and is known as corpus
albicans, which finally is reabsorbed and replaced by ovarian
stroma. The main mechanism involved in structural regression
is the removal of luteal cells by apoptosis [34]. The process
occurs not only because of the luteal cell death but also due to
the replacement of the vascular supply and supporting connec-
tive tissue, bundles of collagen fibers, fibroblasts, and macro-
phages [19]. It is highly possible that luteal progesterone protects
the corpora lutea from the apoptotic process as it does in other
tissues such as the uterine epithelium and the mammary gland
[35]. Also, progesterone can protect corpus luteum from luteoly-
sis according to stage of the oestrous cycle [18,26,34]. The
results presented here could indicate that the anti-apoptotic
effect of allopregnanolone (the main progesterone metabolite)
in rats may be a consequence of the central inhibition of LH
serum levels and with an increase in progesterone and prolactin
serum levels [4,30].

Then, centrally administered allopregnanolone could protect
corpora lutea of the luteal regression, through inhibiting apopto-
sis even while structural regressing began. Moreover, it could
interfere with functional luteolysis through prolonging the sur-
vival of the corpus luteum with an increase of progesterone
secretion.

The mechanisms that regulate receptivity, LH surge and ovula-
tion involve an interaction between ovarian steroids and differ-
ent neurotransmitter pathways, such as GABA [36-38]. Both
effects could be mediated through GABA, receptors, because
they were completely blocked by bicuculline. In a previous
report, we have shown that allopregnanolone induces changes
in dopamine and GABA activity in preoptic area and medial
basal hypothalamus [4,15]. We suggest that these changes may
be involved in the inhibition of sexual receptivity and/or gona-
dotrophin release.

Also, it is known that allopregnanolone suppresses hypotha-
lamic GnRH release in vitro and this effect is mediated by an
interaction with the GABA receptors [4,13,17,38]. In this work
allopregnanolone inhibited LH surge through GABA, receptors
and this effect has as a consequence changes in luteinization.
These effects may be exerted at the level of afferent nerve termi-
nals that regulate the GnRH secretion [15,37,39-42].

On the other hand, prolactin, one of the main hormones involved
in the corpus luteum function in rats, acts as luteotrophic hor-
mone maintaining the structural and functional integrity of the
corpus luteum for 6 days after mating. Prolactin, can rescue the
corpus luteum in the morning of diestrum 2 day when the
capacity of the gland to produce progesterone is maximal [43].
The luteotrophic action of prolactin is characterized by an
enhanced progesterone secretion, which is essential for the
implantation of fertilized ovum, maintenance of pregnancy, and
inhibition of ovulation [44].

Moreover, it is well known that dopamine release from nervous
in the medial basal hypothalamus is a potent inhibitory signal
regulating prolactin secretion [45]. Previous studies from our
laboratory have demonstrated that allopregnanolone inhibited
the dopamine turnover from hypothalamus in female rat [15]. In
this work, our data have shown an increase in prolactin serum
levels suggesting a central effect of allopregnanolone on the
hypothalamic dopaminergic system that could be the responsi-
ble of the increase in prolactin levels and corpus luteum rescue.
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In conclusion, our findings show that allopregnanolone was fully
effective suppressing LH secretion and, in consequence inhibit-
ing luteinization. This effect could be mediated by interaction
with hypothalamic neuronal network, specifically the GABAer-
gic system. An involvement of GABA and dopamine system in
the regulation of allopregnanolone effect is also supported by
studies showing that the same dose caused a decrease in
hypothalamic DA/DOPAC turnover that stimulate a prolactin
secretion [15]. In consequence, at the ovary level, the suppres-
sive effects observed on the corpora lutea apoptotic process may
also be mediated by its ability to inhibit LH at pituitary level,
promoting progesterone release from CL in response to prolac-
tine luteotropic action.

In summary, the results of this study have established that cen-
tral administration of allopregnanolone affects luteal regression
through inhibition of apoptosis, regulating the neuroendocrine
system involved in this process. The physiological significance of
these findings shows that allopreganolone was able to promote
corpus luteum survival by multiple prosurvival neuroendocrine
signaling pathways as luteinizing hormone, progesterone, and
prolactin level modifications that are modulated by specific
hypothalamic and pituitary neural networks.
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