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Abstract
Ovarian functions decrease with perimenopause. The ovary has extrinsic innervation, but the neural influence on ovarian 
functions and dysfunction is not well-studied. The present study aimed to biochemically and morphometrically characterize 
the intrinsic neurons in ovaries from young adult, middle-aged, and senescent Long Evans CII-ZV rats (3, 12, and 15 months 
old, respectively). Ovaries were extracted from four rats of each age group (n = 12 total), cryopreserved, and processed for 
immunofluorescence studies with the primary NeuN/β-tubulin and NeuN/tyrosine hydroxylase (TH) antibodies. The soma 
area and number of intrinsic neurons in the ovarian stroma, surrounding follicles, corpus luteum, or cyst were evaluated. 
The intrinsic neurons were grouped in cluster-like shapes in ovarian structures. In senescent rats, the intrinsic neurons were 
mainly localized in the ovarian stroma and around the cysts. The number of neurons was lower in senescent rats than in young 
adult rats (p < 0.05), but the soma size was larger than in young adult rats. Immunoreactivity to TH indicated the presence 
of noradrenergic neurons in the ovary with the same characteristics as NeuN/β-tubulin, which indicates that they are part of 
the same neuronal group. Taken together, the findings indicate that the intrinsic neurons may be related to the loss of ovar-
ian functions associated with aging.
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Abbreviations
CL  Corpus luteum
NE  Norepinephrine

NGF  Nerve growth factor
OS  Ovarian stroma
Ach  Acetylcholinesterase
PCOS  Polycystic ovarian syndrome
BDNF  Brain-derived neurotrophic factor
NeuN  Neuron-specific nuclear protein
TH  Tyrosine hydroxylase
VIP  Vasoactive intestinal peptide

Introduction

In mammals in the mid-life stage, an exponential decrease 
in the number of ovarian follicles correlates with the begin-
ning of female subfertility, a process known as reproductive 
senescence. Once this event occurs, there is a decrease in 
viable oocytes. In general, when the pool of follicles in a 
woman’s ovaries is < 1000, the hormonal feedback with the 
hypothalamus cannot be sustained, which leads to meno-
pause (Cruz et al. 2017; te Velde et al. 1998). In Sprague 
Dawley and Wistar rats, a decrease in the number of folli-
cles and modification of the estrous cycle has been observed 
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at 10 months of age (Acuna et al. 2009; Peng and Huang 
1972). The decrease in follicles continues until 12 months 
old (middle-aged), then the rats experience subfertile and 
infertile periods as they grow older (senescent) (Acuna et al. 
2009; Chavez-Genaro et al. 2007).

The configuration of the ovarian tissue undergoes struc-
tural and functional change depending on the age of the 
animal. Changes include proliferation, differentiation, and 
cellular death, (e.g., follicle growth, ovulation, forming of 
the corpus luteum [CL], cysts, and ovarian stroma [OS]). 
As the animal ages, there are modifications in the ovarian 
configuration; mainly, cysts begin to appear when rats are 
6 months old and, by the age of 14 months (senescent rat), 
large cysts increase in number and occupy most of the ovar-
ian cortex (Acuna et al. 2009).

The ovarian extrinsic innervation involves autonomic 
and sensorial components that reach the ovaries through the 
superior ovarian nerve and ovarian plexus nerve (Aguado 
2002; Baljet and Drukker 1979; Doganay et al. 2010; Pas-
telin et al. 2017). In some species, the nerve fibers reach the 
primordial and in-development follicles but do not penetrate 
the basal lamina to the granulose cells or CL (D'Albora and 
Barcia 1996; D'Albora et al. 2000). For example, in the 
female pig, the parasympathetic intraovarian nerve fibers 
surround the preantral and antral follicles, the CL, blood 
vessels, and OS. Such fibers release acetylcholine (Ach) and 
co-transmitters, including nitric oxide, vasoactive intesti-
nal polypeptide (VIP), somatostatin (SOM), substance P, 
and galanin (Jana et al. 2018). In pathological conditions 
(hyperestrogenism), the quantity of parasympathetic nerve 
fibers in the adult pig ovary decreases in the inner part of the 
ovary, altering the cholinergic innervation pattern, neuronal 
isoform of nitric oxide synthase (nNOS), and VIP, which in 
turn modifies its functions (Jana et al. 2018).

Other studies have described an association between a 
loss in the number of fertile follicles and an increasing con-
centration of norepinephrine (NE) in the rat ovary (Chavez-
Genaro et al. 2007). Thus, an experimental increase in the 
ovarian sympathetic tone of 10-month-old animals increases 
catecholamine levels, which correlates with cyst forma-
tion, along with follicular degeneration. In the ovaries of 
14-month-old animals, the number of cysts was significantly 
high (Acuna et al. 2009). However, in the celiac ganglia 
(main neuronal relay between the central nervous system and 
ovaries), the levels of NE do not increase during the senes-
cent period, but decrease with age. Therefore, the increase 
in NE may occur via intrinsic innervation, which has not 
been studied in senescent stages (Acuna et al. 2009; Baner-
jee et al. 2014; Chavez-Genaro et al. 2007; Dumesic and 
Richards 2013; Mayerhofer et al. 1998; Venegas-Meneses 
et al. 2015).

Intrinsic innervation and its participation in function-
ing has been demonstrated in diverse organs (Anetsberger 

et al. 2018; Hao et al. 2020). The intrinsic innervation of the 
ovary has been described in several species (Gilbert 1969; 
Madekurozwa 2008). In pigs, nerve structures, such as neu-
ronal cells and nerve fibers, have been identified inside the 
ovary (Jana et al. 2015). In humans, neuronal intraovarian 
cells have also been described using anti-human p75-NGFR, 
with reports of neural cells with a prominent nucleus around 
the follicles, CL, medulla, and ovarian cortex (Anesetti et al. 
2001), but without penetrating them. In rodents, neurons in 
the ovaries of Wistar rats have been identified using mor-
phogenic markers (NeuN), as well as nerve growth factor 
(NGF) and tyrosine hydroxylase (TH) for differentiated 
neurons. These neurons have a multipolar soma and are 
localized in the ovarian medulla during neonatal and young 
adult stages. However, these neurons have not been found in 
Sprague–Dawley rats (D'Albora and Barcia 1996; D'Albora 
et al. 2000).

The aim of the present study was to locate and biochemi-
cally/morphometrically characterize the intrinsic neurons 
in the ovaries of young adult, middle-aged, and senescent 
Long Evans CII-ZV rats. The antibodies used in this study 
were chosen due to their specificity and ability to recog-
nize neuronal bodies in the central or peripheral nervous 
systems. NeuN has been found in the nuclei of neurons of 
the central nervous system and in the cytoplasm of periph-
eral neurons in the enteric system (Dredge and Jensen 2011; 
Duan et al. 2016; Gusel'nikova and Korzhevskiy 2015; Kim 
et al. 2009; Lind et al. 2005; Mullen et al. 1992; Van Nas-
sauw et al. 2005; Weyer and Schilling 2003). Considering 
that a reduction in NeuN has been observed in the spinal 
cord of senescent rats compared to young rats (Portiansky 
et al. 2006), we decided to use a second neuronal marker 
to identify intrinsic neurons in the ovary, type-III β-tubulin 
(Almeida-Souza et al. 2011; Baas et al. 2016; Dredge and 
Jensen 2011; Katsetos et al. 2003; Kim et al. 2009; Lind 
et al. 2005; Mariani et al. 2015; Portiansky et al. 2006; 
Weyer and Schilling 2003). The synthesis of this marker 
increases with age; NeuN loses immunoreactivity, whereas 
the expression of β-tubulin increases (Almeida-Souza et al. 
2011; Baas et al. 2016; Jiang and Oblinger 1992; Korzhevs-
kii et al. 2011).

Materials and methods

Animals

The animals were provided by Bioterio Claude Bernard, 
BUAP. The protocol was approved by the Committee to 
Use and Care for the Laboratory Animals of Benemérita 
Universidad Autónoma de Puebla (Of. VIEP 1040/2019). 
All procedures described in this work were carried out 
in accordance with the guidelines for the use and care of 
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laboratory animals by the Mexican Committee for Animal 
Care (NOM-062-ZO-1999). Every effort was made to mini-
mize the number of animals in each experimental group and 
to ensure minimal discomfort and pain. Twelve adult female 
CII-ZV rats were used. They were kept in controlled condi-
tions (14 h light/10 h dark, lights on from 05:00 to 19:00 h) 
with free access to water and food.

Experimental design

The females were assigned to the following groups: young 
adult rats aged 3–5 months (3 M, n = 4), middle-aged rats 
aged 12 months (12 M, n = 4), and senescent rats aged 
15 months (15 M, n = 4). Both ovaries from each animal 
were analyzed (i.e., eight ovaries per group). In the 3 M 
group, only those in estrous were used (rats with three con-
secutive 4-day estrous cycles, daily vaginal smears were 
taken between 09:00 and 10:00 h). In the 12 M group, rats 
were used only if vaginal cytology showed continuous 
estrous (regular estrus cycle and ovulation ceased, vaginal 
cytology indicated desquamation cells in vagina). In the 
15 M group, rats were used only if vaginal smears indicated 
continuous anestrus (persistent leukocytes).

Ovary dissection

Animals from each group were deeply anesthetized with 
pentobarbital between 09:00 and 11:00 h (80 mg/kg weight, 
i.p.). The animals were then perfused with 200 mL of Hart-
mann solution and the ovaries dissected during the necropsy. 
The ovaries were placed in fixative (Carnoy) for 24 h, rinsed 
with Hartmann solution, and kept in solution with 30% 
sucrose until immunofluorescence processing.

Immunofluorescence

The preserved ovaries were cut into 10-µm sections using a 
cryostat (THERMO Shandon cryotome E) at − 25 °C. The 
sections were defrosted at room temperature and treated 
for 90 min in 6% fetal bovine serum (FBS; Cat. 26140079, 
Gibco Thermo Scientific) and 0.1% Tween 20 (Sigma Chem-
ical Co., St. Louis, Mo. USA). Next, they were incubated 
with the primary antibody for 72 h at 4 °C. Polyclonal anti-
body anti-rabbit β-tubulin (1:500, Cat. 2128 Cell Signal-
ing) or anti-rabbit tyrosine hydroxylase (1:500, Cat. AB 152 
Merck Millipore) and anti-mouse NeuN (1:500, Cat. MAB 
377 Merck Millipore) antibodies were used. After incuba-
tion with the primary antibody, the tissues were washed 
with 0.5 M Tris–EDTA buffer (BTE) for 1 min. They were 
incubated with the secondary antibodies, anti-rabbit coupled 
with rhodamine (1:500, Jackson Immuno Research Labora-
tories, Inc.) and anti-mouse coupled with fluorescein (1:500, 
Jackson Immuno Research Laboratories, Inc.), for 24 h. At 

the end of this incubation, the tissues were washed with 
BTE for 1 min. DAPI-Vecta-Shield was added to the tissues 
(Vector Laboratories, Burlingame, CA, USA) for observa-
tion under the microscope.

For negative controls, the primary antibody was substi-
tuted with 6% FBS and BTE. Observations and analyses 
of the immunoreactivity of the antibodies in the ovarian 
follicles were performed using a fluorescence microscope 
(Olympus BX41) equipped with an Evolution VF Digital 
Camera (Media Cybernetics, Inc., USA).

Statistical analysis

Immunoreactive neurons to primary antibodies were counted 
and the area of the soma determined using Image Pro-
premier 9.2 software (Media Cybernetics, Inc., Rockville, 
USA). To obtain the soma area of the intrinsic neurons, the 
immunoreactive cells, including well-defined nuclei, were 
selected and delineated manually in microphotographs and 
the area of the intrinsic neurons measured by the software. 
To define the number of neurons around each follicle or cyst, 
the Block method for estimation of cell populations (Block, 
1951, 1952) was used as a correction factor. From the total 
number of slides, 1 in 5 was recovered and selected for the 
following groups: NeuN/β-tubulin; NeuN/TH; negative con-
trol for NeuN/β-tubulin; negative control for NeuN/TH; and 
H&E. Significant differences among experimental groups 
were determined by ANOVA followed by a Tukey test for 
nonparametric data (Graphpad Prism 8.1).

Results

Intrinsic neurons were observed in the ovaries of all rats 
(Figs. 1, 2 and 3). These neurons showed different morpho-
logical characteristics from other ovarian cells, particularly 
a prominent, well-defined nucleus (average nucleus diameter 
of all ages 9.08 µm; Fig. 1), approximately twice the size 
of other ovarian cells (average nucleus diameter 5.58 µm). 
Although without specific staining it would be difficult to 
distinguish neurons by nucleus size, because the wide cel-
lular diversity in the ovary.

In the 3 M group, the neurons were localized around the 
follicles of different development stages, the CL, cysts, and 
the OS. All neurons were observed to be in a cluster-like 
shape (Fig. 1) similar to small nerve ganglia. Figure 2a–d 
shows two contiguous follicles with parallel theca, the lat-
ter containing neurons. The ovaries from the 12 M group 
had atretic follicles and CL in regression, as well as ovarian 
cysts. The neurons in this stage were localized around the 
follicular cyst (Fig. 2), with a tendency to concentrate in the 
middle region of the ovary.
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Fig. 1  Microphotographs show 
a cluster of neurons in the ovar-
ian stroma (OS) and follicles 
(F) of young adult (3 M) female 
rats. a, e The nuclei are labeled 
with DAPI. b, f NeuN. c, g 
β-Tubulin. d, h Co-localization 
of NeuN and β-tubulin. The yel-
low head arrows show intrinsic 
neurons of the ovaries, in the 
theca layer of the follicle. The 
yellow double line arrow a 
show the average nucleus of the 
intrinsic neuron, twice the size 
of other ovarian cells (orange 
double line arrow). i, j, l Nega-
tive control

Fig. 2  Immunofluorescent 
staining was used to local-
ize intrinsic neurons in the 
ovary using NeuN (green) and 
β-tubulin (red). a, e, i Nuclei 
were labeled with DAPI. b, c 
Distribution of the intrinsic 
neurons around the follicles 
(F) of the ovaries in a young 
adult rat (3 M). f, g Around a 
cyst (C) of the middle-aged rat 
(12 M) (× 60). j, k Around a 
cyst in a senescent rat (15 M). 
d, h, l Co-localization of NeuN 
and β-tubulin. The yellow head 
arrows show intrinsic neurons 
of the ovaries

Fig. 3  The top microphoto-
graphs are of ovaries from 
young adult rat (3 M), middle-
aged rat (12 M), and senescent 
rat (15 M). Immunofluorescent 
staining was performed with 
mouse anti-NeuN (green) and 
rabbit anti-β-tubulin (red) 
antibodies, showing intrinsic 
neurons in the ovarian stroma 
(OS), corpus luteum (CL), 
and follicles (F). a, e, i Nuclei 
were labeled with DAPI. b, f, j 
Neu-N. c,g,k: β-Tubulin. d, h, 
l Co-localization of NeuN and 
β-tubulin. The yellow arrows 
show intrinsic neurons of the 
ovaries
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Follicles in different developmental stages and CL occupy 
the ovarian cortex area in young animals, with intrinsic neu-
rons around them (Fig. 3a–d). In the ovaries of the 12 M 
and 15 M groups, the neurons were observed in the OS 
(Fig. 3i–l) and surrounding cystic structures (Fig. 3e–h).

In the 3 M group, the immunoreactive neurons to NeuN/
TH localized around the follicles, as described for NeuN/β-
tubulin positive neurons (Fig. 4a–d). TH immunoreactiv-
ity around the cyst was more abundant in the 12 M group 
(Fig. 4e–h, arrowhead) than in senescent animals (Fig. 4i–l, 
arrowhead). In the senescent rats, the TH-positive neurons 
(arrow) around the ovarian cysts were lower in contrast to 
the neurons in the OS (arrows). This indicates a lower num-
ber of neurons with ability to synthetized catechalamines.

The total number of intrinsic neurons localized in the 
ovaries, around the follicles and cysts, varied throughout the 
life of the animals (Fig. 5a). In the senescent group, there 
were no more follicles or CL; however, there were neurons 
around the cysts. Regarding the number of neurons around 
the CL, there was no significant difference between the 3 M 
and 12 M groups (10.7 ± 1.6 vs. 6.6 ± 0.06, respectively).

In the OS, there were diverse and abundant intrinsic neu-
rons, with no differences between age groups. However, 
comparing the number of neurons around follicles (3 M 
or 12 M) or cysts (15 M) between the groups showed that 
senescent rats had fewer neurons than middle-aged rats 
(Fig. 5a), these data indicates that elevated intrinsic inner-
vation in ovaries is relevant in the loss of ovulatory capac-
ity process (12 M) and from this stage the innervation it’s 
significantly reduced by aging (15 M).

Nevertheless, the area of the neurons was larger in the 
senescent rats than in the other groups (Fig. 5c, p < 0.05). 
The number of NE-neurons was different in the groups, with 
a peak in the middle-aged rats (Fig. 5b). The area of the NE-
neurons surrounding the follicles and ovarian cysts was also 
different between the groups, as it increased proportionally 
with age. An age-dependent increase in the noradrenergic 
neuron area was also found in the ovarian stroma (Fig. 5d).

Discussion

In this study using Long Evans CII-ZV rats, ovarian intrinsic 
innervation was associated with all functional structures of 
the ovary, suggesting active participation of these neurons 
in processes, such as development and loss of function. The 
neural influence on ovarian functions and dysfunction has 
been poorly studied. The extrinsic innervation of the ova-
ries regulates follicular development, steroidogenesis, and 
ovulation (Doganay et al. 2010), and the nerve fibers reach 
the theca cells without crossing the basal membrane of the 
follicles, CL, or cysts (Anesetti et al. 2001; D'Albora et al. 
2002, 2000). However, little is known about the intrinsic 
innervation of the mammalian ovary, especially in senescent 
animals.

Previous studies (Anesetti et al. 2001; D'Albora et al. 
2002, 2000; D'Albora and Barcia 1996; McKey et al. 2019) 
have shown intrinsic neurons in the mammalian ovary, 
including the human ovary. In Wistar rats, neuronal somas 
have been identified, mainly in the ovarian medulla and 

Fig. 4  The top microphotographs are of ovaries from young adult rat 
(3 M), middle-aged rat (12 M), senescent rat (15 M). Inmunofluores-
cent staining was performed with mouse anti-NeuN (green) and rab-
bit anti-TH (red) antibodies. b, c, d show noradrenergic neurons in 
the theca layer of follicle. f, g, h show noradrenergic neurons around 

the cyst (C). j, k, l show noradrenergic neurons in ovarian stroma 
(OS) and around the cyst. The yellow head arrows show noradren-
ergic neurons around the follicle or cyst, and the yellow arrows show 
noradrenergic neurons on the ovarian stroma in the Senescent rat
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some isolated neurons around the ovarian follicles. Long 
Evans CII-ZV rats are a good model for reproductive studies 
because the 4-day estrous cycle is very regular and senes-
cent process well described. Our results confirm the first 
assumptions and showed that the neurons are associated with 
the inner theca cells and basal lamina. The present study 
contributes that, in both young adult and senescent ovaries, 
most neurons are associated in clusters in all structures of 
the ovarian cortex (OS and around follicles, CL, and cysts).

The abundant innervation that each follicle has from 
early development until cell death suggests involvement in 
the regulation of the development of follicles and ovulation 
(Madekurozwa 2008). Significant levels of NE have been 
observed inside the ovaries of senescent rats, but the con-
centration of NE in the extrinsic innervation (such as the 
celiac ganglion) decreases with age (Chavez-Genaro et al. 
2007; Cruz et al. 2017). This neurotransmitter could be syn-
thesized by other sources, such as the intrinsic innervation. 
We demonstrated subpopulations of TH-positive neurons 
(limiting enzyme to synthesize NE) that co-express NeuN 
and found an increased neuron size related to increasing age, 
but this was associated with high production of NE in the 
senescent ovary.

The increased size of the somas of intrinsic neurons 
(NeuN-positive and TH-positive) related to ovarian cysts and 
OS in senescent animals, coupled with a significant decrease 
in the number of these neurons, allows us to propose an 
exacerbated cell machine in the maintenance of ovarian cysts 
and high concentration of NE related to reproductive senes-
cence and various pathologies (Chavez-Genaro et al. 2007; 
Cruz et al. 2017).

Studies of extrinsic innervation in the ovary have shown 
that they release neurotransmitters into the ovary; NE, VIP, 
and Ach, among others, may be responsible for some meta-
bolic activity of the functional structures of the ovary (Dis-
sen et al. 2002; Hsueh et al. 1984; Mayerhofer et al. 1997). 
For example, follicles growing in highly innervated ovarian 
regions may have a selective advantage over others that are 
not exposed to neurotransmitter signals (Mayerhofer et al. 
1997). In addition, Ach (Lakomy et al. 1982; Mayerhofer 
et al. 1997), NE (Masuda et al. 2001), and VIP (Bruno et al. 
2011) regulate ovarian steroidogenesis depending on the 
stage of the estrous cycle.

In the rat, the relationship between intrinsic neurons in 
the ovary and age, especially during the loss of reproduc-
tive function, allows us to suggest that 12 months of age 
is key to the start of decaying ovarian function in rats. 
At this point, there is an increase in NE inside the ovary 
(Acuna et al. 2009; Chavez-Genaro et al. 2007; Cruz et al. 
2017), which may be produced by large intrinsic neurons. 
Several authors have proposed that sympathetic hyper-
activity may contribute to the development and progres-
sion of polycystic ovarian syndrome (PCOS) (Morales-
Ledesma et al. 2010). In young adult animals with PCOS 
induced by neonatal estradiol valerate administration, 
there is a high concentration of NE in the ovary, whereas 
the estradiol level is low. This causes a reduction in fol-
licular growth, which in turn causes ovarian failure, loss 
of cyclicity, and reduced fertility (Lara et al. 2000; Lara 
et al. 1990a, b). The senescent rats have several charac-
teristics similar to PCOS in young adult rats, including 
follicular cysts occupying the major ovarian cortex area, 
anovulation, high production of androgen, low estradiol 
levels, and persistent vaginal cornification (Linares et al. 
2019). These effects are also similar to those observed in 
women with PCOS.

NGF and brain-derived neurotrophic factor (BDNF), 
which promote neurogenesis and neuronal plasticity in the 
peripheral nervous system of both developing and adult 
animals, also function as regulators of follicular develop-
ment, ovulation, and steroidogenesis (Russo et al. 2012). 
In animals with PCOS, both factors are increased (Chang 
et al. 2019; Streiter et al. 2016). However, in postmeno-
pausal women or those with a lower follicular reserve, the 
levels of NGF and BDNF are decreased (Begliuomini et al. 
2007; Pluchino et al. 2009a, b). This could be related to a 
decreased number of neurons in the gonads of senescent 
animals, as BNDF significantly decreases after the animal 
stops cycling (approximately 12 months).

Estrogen receptors are present in the sympathetic, 
parasympathetic, and sensorial neurons that innervate 
the ovaries of adult animals. Long-term treatment with 
17β-estradiol reduces the populations of these neurons 
(Jana et al. 2012, 2013; Koszykowska et al. 2011). It is 
possible that, in rats, the intrinsic innervation activity in 
early and adult stages may be regulated by ovarian steroids 
in addition to the extrinsic innervation (Acuna et al. 2009).

The neuronal markers NeuN and β-tubulin have been 
used to describe the intrinsic innervation of the ovaries of 
neonatal, juvenile and young adult rats, as well as other 
mammalian species, including the human ovary (Anesetti 
et al. 2001). In the present work we did not find differ-
ences in the kind of neurons immunolabeling to NeuN and 
β-tubulin, that is, the same neuron displayed reactivity to 
both. In the intrinsic neurons of the ovary, we did not find 
differences between both neuronal markers related to age, 

Fig. 5  a Median number of intrinsic neurons (NeuN/β-tubulin) in 
ovaries from young adult rat (3  M), middle-aged rat (12  M), and 
senescent (15  M) CII-ZV rats. b Median number of intrinsic neu-
rons (NeuN/TH) in ovaries c Median area of the intrinsic neurons 
(NeuN/β-tubulin) from ovarian follicles and cysts. d Median area of 
the intrinsic neurons (NeuN/β-tubulin) from ovaries in the ovarian 
stroma. *P < 0.05 vs. 3 M and 12 M, **P < 0.05 vs 12 M and 15 M; 
ANOVA followed by Tukey. Error bars indicate SEM

◂
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as has been described for other organs (Baas et al. 2016; 
Jiang and Oblinger 1992; Korzhevskii et al. 2011).

Conclusions

In the ovaries of CII-ZV rats, the intrinsic neurons are in 
the follicular theca, around the CL, in the OS, and around 
cysts. These results suggest active participation of these 
neurons in processes of development and remodeling of 
ovarian structures. As the morphology and number of 
these neurons vary with age, especially in senescent rats, 
we suggest that the intrinsic neurons are a part of the age-
related loss of ovarian functions.
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