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Summary
Background: Orexin A, a small-molecule peptide, can regulate female hormones, but limited evidence for its mechanism of
activity exists in ovine. Aims: The objective of this study was to investigate the effect of orexin A on progesterone (P4) secretion in
cultured granulosa of sheep follicles. Methods: Sheep ovarian granulosa were isolated and identified, pre-incubated with luteinizing
hormone (LH) (2.5 IU/ml), follicle-stimulating hormone (FSH) (2.5 IU/ml), or oestrogen (1 µg/ml); and cultured in vitro. The
pretreated sheep ovarian granulosa were subsequently cultured with different concentrations (1 nM, 10 nM, 58 nM, 100 nM, and 145
nM) of orexin A for varying amounts of time (0 h, 24 h, 48 h, and 72 h). Then, the expression levels of P4, steroidogenic acute
regulatory protein (StAR), 3β-Hydroxysteroid dehydrogenase (3β-HSD) and cytochrome P450 (CYP11) were determined. Results:
The results showed that the sheep ovarian granulosa were correctly identified. The different concentrations of orexin A promoted the
secretion of P4 from granulosa in the ovine ovary compared with that in the control. The expression of StAR, 3β-HSD and P450
(CYP11) gradually increased, and then decreased with increasing concentrations of orexin A, but the expression of P450 (CYP11)
decreased with the increase of time. Conclusion: These results revealed that orexin A promotes the secretion of P4 by regulating the
expression of StAR, 3β-HSD, and P450 (CYP11). Understanding the mechanism underlying the promotion of P4 by orexin A could
open new therapeutic possibilities in the treatment of hormone homeostasis.
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Introduction
The neuropeptide, orexin A, is produced by neurons
in posterior side of the hypothalamus (Cataldi et al.,
2010). Orexin A is gaining increasing attention for its
emerging role as a critical regulator of food intake,
energy metabolism and gastrointestinal and reproductive
functions (Cai et al., 1999; Ida et al., 2000; Piper et al.,
2000; Russel et al., 2001; Muschamp et al., 2007; AstonJones et al., 2010; Puett et al., 2010). Orexin A
modulates reproductive functions by regulating
endocrine functions, including the hypothalamicpituitary-adrenal (HPA), hypothalamic-pituitary-gonad
(HPG), and hypothalamic-pituitary-thyroid (HPT)
systems, as well as the growth hormone (GH) and
prolactin axes (Li et al., 2014). A suppressive effect of
orexin A on gonadotropin-releasing hormone (GnRH) in
mice has been found (Gaskins and Moenter, 2012).
Several hormonal interventions could affect the fate of
the ovarian follicle within follicular wave (Hosseini and
Niasari-Naslaji, 2018). Follicle-stimulating hormone
(FSH) can promote proliferation and differentiation of
preantral follicles, and thus induce follicular growth and
maturation of ovarian follicles, resulting in the
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generation of mature eggs and the production of
estrogens (Wei and Gong, 2017). Progesterone (P4),
which is secreted by the ovary, is also an important
hormone in females (Komatsu and Masubuchi, 2017).
The orexin type 1 and type 2 receptors (OX1 and OX2)
were shown to be expressed in a Chinese hamster
ovarian cell line (Smart et al., 1999). Orexin A exerts its
effect via the G protein-coupled receptors, OX1 and OX2.
Thus, orexin A likely exerts its effect on P4 in the ovary.
The hormone P4 is a steroid produced primarily by
the corpus luteum in the ovaries during the second half
of the menstrual cycle or luteal phase (Diep et al., 2015)
that maintains ovarian function. Steroidogenic acute
regulatory protein (StAR), steroid synthetase P450
(CYP11), and 3β-Hydroxysteroid dehydrogenase (3βHSD) play important roles in transforming cholesterol
into steroid hormones, and these proteins regulate the
production of P4. StAR regulates cholesterol transfer
within the mitochondria, which is the rate-limiting step
in the production of steroid hormones (Miller and Strauss,
1999). P450 (CYP11) participates in the biosynthesis of
pregnenolone from cholesterol (Storbeck et al., 2007).
3β-HSD catalyzes the biosynthesis of P4 from
pregnenolone (Cravioto et al., 1986). These three
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proteins are essential for the biosynthesis of all classes of
hormonal steroids, including P4 (Lachance et al., 1992).
Limited data have shown the effects of orexin A on the
StAR, P450 (CYP11), and 3β-HSD.
Therefore, the effects of different concentrations (1
nM, 10 nM, 58 nM, 100 nM, and 145 nM) of orexin A on
the P4, StAR, 3β-HSD and P450 (CYP11) in sheep
ovarian granulosa were determined. Understanding the
means by which orexin A promotes P4 production could
open new therapeutic possibilities for the treatment of
hormone homeostasis.

Materials and Methods
Reagents
Reagents used in this study included orexin A
(Sigma), Dulbecco’s Modified Eagle’s Medium/F-12
(DMEM/F12) (Gibco, USA), fetal bovine serum (FBS)
(Gibco, USA), penicillin-streptomycin solution (Gibco,
USA), 0.25% pancreatic enzyme digestion (Gibco, USA),
eosin Y solution (Tecenet, China, Shanghai), folliclestimulating hormone receptor (FSHR) (China, Shanghai),
Triton X-100 (Sigma), Alexa Fluor 647 donkey antirabbit (Sigma), 4',6-Diamidino-2-Phenylindole, (DAPI)
(Sigma), phosphate buffer saline (PBS) (Gibco, USA),
luteinizing hormone (LH) (China, Shanghai), FSH
(China, Shanghai), estrogen 2 (E2, Sigma), sheep P4
enzyme-linked immunosorbent assay (ELISA) kits
(Beyotime, China, Wuhan), and lysis buffer (RIPA:PMSF,
99:1).

In vitro culture of granulosa in the ovine ovary
The experimental protocol was approved by the
Ethics Committee on the Use and Care of Animals, Inner
Mongolia Agricultural University, China. The sheep were
sacrificed with ether vapor. The ovary was rapidly
removed and placed in a 0.9% sterile saline solution at
37°C. Then, the ovary was washed three times with 0.9%
sterile saline solution on a clean bench. The liquid on the
surface of the ovary was removed with sterile gauze. The
ovine follicles were washed with serum-free DMEM/F12
medium via a 1 ml syringe. The follicular fluid was
collected and cultured in DMEM/F12 (DMEM/F12)
(Gibco, USA) supplemented with 10% FBS (Gibco,
USA) and a 1% penicillin-streptomycin solution in a cell
incubator (Amersham Corp., Arlington Heights, IL) in a
humidified atmosphere of 5% CO2 at 37°C.

Identification of granulosa
Immunohistofluorescence method
Cell slides were immobilized with saline
supplemented with 4% paraformaldehyde in 0.1 M
phosphate buffer (PB) for 30 min in the 12-well plates, at
pH = 7.4 (Fig. 1A). Cell slides were washed with PBS on
a reciprocating decolorization shaking table, and treated
with the 0.4% TritonX-100 for 20 min (pH=7.40). Then
the cell slides were rinsed three times with PBS. Next,
the cell sections were incubated in blocking buffer [PBS
containing 3% normal donkey serum (D9663; Sigma)
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and 0.1% Triton X-100 (Sigma)] for 1 h at room
temperature (RT) and then with FSHR (1:200) primary
antibodies [Rabbit Anti-FSH Receptor Antibody,
(Sangon Biotech, China, D151962)] prepared in blocking
solution overnight at 4°C. The cell slides were rinsed
thoroughly 4 to 5 times with PBS and exposed to Alexa
Fluor 647 donkey anti-Rabbit (Jackson, USA, Alx647)
(1:1000) secondary antibodies prepared in blocking
solution for 2 h at RT. The cell slides were incubated in
DAPI to stain nucleus for 10 min and rinsed thoroughly
4 to 5 times with PBS. After washing, the slides were
mounted on glass slides and cover-slipped with 50%
glycerin (China). Double-immunofluorescent images
were acquired using a CLSM.Z1 ApoTome confocal
laser scanning microscope (AxioCam MRm camera,
AxioVision 4.6 software systems; Zeiss).
Hematoxylin and eosin staining of cell slides: the
cells were cultured in a humidified atmosphere under 5%
CO2 for 4 days. The cells were digested by 0.25%
pancreatic enzyme and the cell slides were cultured in
the cell plates for 24 h. The cell slides were immobilized
with saline followed by 4% paraformaldehyde in 0.1 M
PB for 20 min and then were immersed in PBS with
agitation. The cell slides were dipped into a Coplin jar
containing Mayer and hematoxylin and agitated for 2
min. The cell slides were rinsed in water, and then
dehydrated with acid alcohol, after rapid rinsing in water
for 3 min. The cell slides were stained with a 5% eosin Y
solution for 3 min, and then rinsed in water. The cell
slides were rehydrated in ether alcohol, and made
transparent with xylene. One or two drops of mounting
medium was added and the coverslips were covered. The
cell morphology was examined using a light-inverted
microscope (Nikon, Japan).
Giemsa staining
The immobilization method was the same as the
haematoxylin and eosin staining method. The cell slides
were dipped into a coplin jar containing giemsa for 30
min. The cell slides were rinsed in water. One or two
drops of mounting medium was added and coverslips
were applied. The cell morphology was examined using
a light-inverted microscope (Nikon, Japan).

Granulocyte
identification

luteinization

treatment

and

Cells were divided into no added FSH, LH and E2
(no-FLE) group and FLE group. The no-FLE group was
granulosa cells while the FLE group was luteinized
granulosa cells that were pre-incubated with LH (2.5
IU/ml), FSH (2.5 IU/ml), and E2 (1 ug/ml) for different
time periods (0 h, 24 h, 48 h, and 72 h), after which the
cell supernatant was collected. The supernatant was used
to determine the total P4 concentration with a sheep P4
ELISA kit (Beijing Bayer Diagnostic Technology Co.,
Ltd.).

ELISA assay
The granulose cells were cultured and treated with
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Fig. 1: Identification of granulosa cells. A: Granulosa cells were cultured at 24 h, B: Granulosa cells were stained with haematoxylin
and eosin staining, C: Granulosa cells were stained with giemsa staining, D: FSHR positive stained green fluorescence in the
cytoplasm, E: Granulosa cells nucleus were stained with DAPI, F: The merge between D and E, G: Control groups stained green
fluorescence in the cytoplasm, H: Control groups nucleus were stained with DAPI, and I: The merge between G and H

different concentrations of orexin A (1 nM, 10 nM, 58
nM, 100 nM, and 145 nM) and pre-incubated for varying
amounts of time (0 h, 24 h, 48 h, and 72 h). After
centrifugation at 2000 × g for 10 min, specimens were
obtained from the upper layer and stored at -80°C. The
P4 levels were measured with sheep P4 ELISA kits
(Beijing Bayer Diagnostic Technology Co., Ltd.).

Western blotting
The granulosa cells were cultured and treated with
different concentrations of orexin A (1 NM, 10 NM, 58
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NM, 100 NM, and 145 NM groups), and pre-incubated
for varying amounts of time (0 h, 24 h, 48 h, and 72 h).
Protein extracts were prepared from each sample in lysis
buffer (RIPA:PMSF, 99:1) using an ultrasonic instrument
(VCX130, Shanghai) to thoroughly break the cells (70 v,
15 s). The samples were embedded in ice, and the
process was repeated three times. The cells lysates were
cleared by centrifugation at 12,000 × g for 3 min at 4°C.
The protein content was determined using the
bicinchoninic acid (BCA) method (Thermo). The BSA
concentration diagram gradient standard liquid was
prepared according to the manufacturer’s instruction.

Iranian Journal of Veterinary Research, Shiraz University

Protein samples of 25 μL were transferred into each well
of a 96-well plate, and 200 μL of BCA working liquid
was then added to each well and mixed. The protein
concentrations of each sample was determined using a
microplate reader (Molecular Devices, Shanghai, China).
To make all the protein sample concentrations
homogeneous, the actual concentrations of the protein
samples were calculated according to the optical density
(OD) value. Then, 72 μL of each sample was added to
19.2 μL of 5x sodium alkyl sulfate twelve (SDS) protein
sample buffer. The samples were boiled for 5 min and
stored at -80°C. The cells lysates were electrophoresed
for 20 min at 120 V in 3.9% Tris-acetate, and then for 60
min at 200 V in precast 12% MES SDS-polyacrylamide
gels using an SDS-PAGE gel kit (CWBIO, Beijing).
Then, the proteins were transferred onto polyvinylidene
difluoride membranes (LC2002; Invitrogen) for 25 min
at 25 V. The membranes were blocked for 1 h in blocking
buffer [Tris-buffered saline and Tween 20 (TBST) and
5% nonfat milk] on a reciprocating decolorization
shaking table at RT, and then incubated overnight at 4°C
with the appropriate primary antibody diluted in blocking
buffer. The membrane was washed three times with
TBST, the following day, the membrane was washed
three times with TBST before exposure to fluorescentconjugated secondary antibodies diluted in blocking
buffer for 1 h at RT. The membrane was scanned using a
scanner (Odyssey) and processed with Adobe Photoshop
(Adobe Systems Incorporated, USA). Values were
considered to be statistically significant at confidence
levels of 95% (P<0.05) and 99% (P<0.01).
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identical to the control group. Therefore, that the sheep
ovarian granulosa cells in vitro culture were more than
90% pure (Figs. 1D-I).

Luteinizing granulosa cells secreted P4
The ELISA results indicated that the luteinizing
group significantly increased the P4 concentration in the
FLE group compared to that in the no-FLE group at each
time point (P<0.05; P<0.01). Over time, the P4
concentration gradually increased and then decreased in
the FLE group. P4 was higher at 24, 48, and 72 h than at
0 h (P<0.05; P<0.01) (Fig. 2A).

Statistical analysis
A column diagram was drawn with the GraphPad
Prism version 5.0 software program (GraphPad Software,
Inc., USA). The figures were organized by Adobe
Photoshop CS (Adobe Systems Incorporated, USA).
Statistical analysis was performed using the SPSS 20.0
package programmer (SPSS Inc., Chicago, IL, USA).
The data are expressed as the mean±standard deviation
(SD, bar on the top of each column). A P-value of less
than 0.05 was considered significant, and a P-value of
less than 0.01 was considered highly significant.

Fig. 2: P4 concentration. A: Identification of corpus luteum
granulosa. A and a indicate significant difference, and B and b
indicate significant difference. B: P4 concentrations were
influenced by concentrations of Orexin A and different time.
The same letter with different case indicates significant
difference compared with the P4 concentration expression in
no-FLE group at 0 h (P<0.05). * indicates significant difference
compared with the P4 concentration expression in no-FLE
group at 0, 24, 48, and 72 h (P<0.05)

Results

Orexin A promotes the secretion of P4 by
granulosa

The identification of granulosa cells
The cell morphology of the granulosa cells is shown
in the Fig. 1A. Haematoxylin and eosin staining of cell
sections and giemsa staining showed that the cells form
was complete, and the edge was clear, resembling a
triangular cone or an irregular star. The cytoplasm was
pink, and the nucleus was dyed blue (Figs. 1A-C).
Follicle-stimulating hormone receptor immunofluorescence chemical dyeing and DAPI staining was
specific for ovarian granulosa, and we found the FSHR
positive green-stained fluorescence in the cytoplasm, and
positive DAPI staining indicated by blue fluorescence in
the nucleus. The positive rate was more than 90%

The P4 concentration in the FLE group increased
from 0 to 24 h, decreased from 24 h to 48 h, and then
increased from 48 h to 72 h (P<0.05) compared with that
at 0 h. The P4 concentrations in the 1, 10, 58 and 100
NM groups increased from 0 to 24 h, and then decreased
from 24 h to 72 h (P<0.05) compared with that at 0 h.
The P4 concentration in the 145 NM group increased
from 0 to 48 h, and then decreased from 48 h to 72 h
compared with that at 0 h (P<0.05) (Fig. 2B).
At 24 h, the P4 concentration increased from the FLE
group to the 1 NM group, increased from 1 group to 10
NM group, and decreased from 10 to 145 NM compared
with that in the no-FLE group (P<0.05). At 48 h, the P4
concentration increased from the FLE group to the 10
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NM group, decreased from 10 to 58 NM, and increased
from 58 to 145 NM compared with that in the no-FLE
group (P<0.05). At 72 h, the P4 concentration decreased
from the FLE group to the 10 NM group, increased from
10 to 58 NM, decreased from 58 to 100 NM group, and
increased from 100 to 145 NM compared with that in the
no-FLE group (P<0.05) (Fig. 2B).

Effects of orexin A on StAR, 3β-HSD, and P450
(CYP11) expression

The StAR, 3β-HSD, and P450 (CYP11) expression
levels are shown in Fig. 3. From the NO-FLE group to
the 145 NM group, the expressions of the 3β-HSD at 48
and 72 h was lower than that at 0 h (P<0.05). At 24 h, the
expressions of the 3β-HSD in the 10, 58, and 100 NM
groups were higher than that in the no-FLE group
(P<0.05). At 48 h, the expression of 3β-HSD in the 145
NM group was lower than that in the no-FLE group
(P<0.05). At 72 h, the expression of the 3β-HSD in the
FLE, 1, 10, and 58 NM groups was higher than that in
the no-FLE group (P<0.05) (Fig. 4A). In the no-FLE
group, the P450 (CYP11) expression at 72 h was lower
than that at 0 h. In the FLE group, the P450 (CYP11)
expression at 24, 48 and 72 h was lower than that at 0 h
(P<0.05). In the 1, 10, 58, 100, and 145 NM groups, the
P450 (CYP11) expression at 48 and 72 h group was
lower than that at 0 h (P<0.05). At 24 h, the P450
(CYP11) expression levels in the 1 and 10 NM groups
were higher than that in the no-FLE group (P<0.05). At
48, the P450 (CYP11) expression at 1, 10, and 145 NM
was lower than that in the no-FLE group (P<0.05). At 72
h, no significant difference was found (Fig. 4B). From
the no-FLE group to the 145 nM group, the StAR
expression at 48 and 72 h was lower than that at 0 h
(P<0.05). At 24 h and 48 h, the StAR expression in the
10 and 58 NM groups was higher than that in the no-FLE
group (P<0.05). At 72 h, no significant difference was
found (Fig. 4C).

Fig. 4: 3β-HSD (A), P450 (CYP11) (B), and StAR (C)
expression were influenced by concentrations of orexin A and
different time. The same letter with different case indicates
significant difference compared with the A, B and C expression
in no-FLE group at 0 h (P<0.05). * Indicates significant
difference with the A, B and C expression in NO-FLE group at
0, 24, 48 and 72 h (P<0.05)

Discussion
Fig. 3: StAR, 3β-HSD, P450 (CYP11) expression were
influenced by concentrations of Orexin A and different time
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Since the discovery of the orexinergic system, the
involvement of orexins in the hypothalamic-pituitary-
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ovarian axis and the hormonal modulation of the
orexinergic system have been documented, but the
mechanisms and basic functions of orexins in the female
reproductive system have remained unclear. Orexin A
promotes the secretion of gonadal hormone and release
hormone for the control of the gonad axis, and it is also
regulated by the central nervous system to promote the
secretion of LH (Pu et al., 1998; Kok et al., 2004). P4, a
natural hormone secreted by the ovarian corpus luteum,
is essential for maintaining pregnancy. P4 abnormality
has been considered the clinical reason for precursor sex
amenorrhea or amenorrhea, such as abortion, habitual
abortion, reactivity of diagnosis, etc. Exploration of the
relationship between oxexin and P4 is important. In this
study, the sheep ovarian luteinizing granulosa cells were
stimulated by different concentrations of orexin A for
varying amounts of time to detect P4 secretion, as well as
StAR, 3β-HSD, and P450 (CYP11) protein expression.
In this study, the secretion of P4 in the presence of
orexin A was high, which indicated that orexin A played
a positive regulatory role in sheep ovarian granulosa
cells that secrete P4. It appears that orexin A can play
various roles in P4 production depending on the
concentration and treatment time. Orexin A can affect P4
secretion in sheep by changing the concentration and
time, and can change the sheep reproductive status and
the energy metabolism. Orexin A has been clinically used
to treat polycystic ovary syndrome caused by low P4
levels, precursor abortion, habitual abortion, sexual
reproduction, and energy metabolism disease. In this
study, the P4 concentration first increased and then
decreased.
Cholesterol in the mitochondrial outer membrane
conveys the mitochondrial membrane in the P4 process.
StAR transports cholesterol (Stocco, 2001). A StAR
precursor protein activates StAR by interacting with the
mitochondrial outer membrane via the c-terminus, and
transports cholesterol to the mitochondrial membrane.
The cholesterol transport process immediately stops after
mature StAR enters the mitochondrial membrane (Stocco,
2000). Thus, StAR regulates the P4 production. In the
present study, StAR and P4 showed a similar trend,
which indicates that orexin A regulates P4 via StAR.
In the process of P4 regulation, P450 (CYP11) is
mainly involved in three reactions. The first is the
hydroxylation of cholesterol. P450 (CYP11) has an
important physiological function in cholesterol transport
and transformation. P450 (CYP11) modifies a side chain,
and forms pregnenolone. The mitochondrial membrane is
a fat-soluble membrane, and P450 (CYP11) targets the
mitochondrial membrane surface. The mitochondrial
membrane contains vesicles in which reactions occur.
P450 (CYP11) functions importantly in P4 synthesis and
is also the rate-limiting step of synthesis (Hu et al., 2004).
P450 (CYP11) plays a key role in the formation of the
placental P4, and P4 is necessary to maintain pregnancy.
In the present study, P450 (CYP11) decreased with time
and P4 was lower at the last two time points, which
indicates that orexin A regulates P4 via P450 (CYP11).
3β-HSD is the key enzyme controlling the gonads and
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synthesizes the adrenal steroid hormone, and serves as
the only synthesis pathway for cytochrome enzymes,
catalyzing the transformation of pregnenolone to P4. 3βHSD is necessary for steroid hormone biosynthesis
(Kaynard et al., 1992). P4 and 3β-HSD showed similar
behaviors in this study, which indicates that orexin A
regulates P4 via 3β-HSD.
These results indicate that different exposure
concentrations and times of orexin A influence the
processing of P4 via StAR, 3β-HSD, and P450 (CYP11).
Future studies are required to consider possible signaling
pathways for orexin A that could influence the granulosa
secretion of P4 and its mechanism of action.
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