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INTRODUCTION

Polycystic ovarian syndrome (PCOS) is a highly 
prevalent heterogeneous syndrome of clinical and/or 
biochemical androgen excess, ovulatory dysfunction, 
and polycystic ovaries [1,2]. The pathophysiology re-
sponsible for the development of polycystic ovaries has 
puzzled researchers for many years and proven very dif-

ficult to define. Polycystic ovaries are likely associated 
with ovarian hyperandrogenism, hyperinsulinemia, and 
altered intraovarian paracrine signaling [3,4]. Among the 
plethora of peptides and steroids produced by the ovary, 
androgens appear to play a key role in the etiology of 
PCOS [1,5]. However, they may not be a causative factor 
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of polycystic ovaries because this morphology is not as-
sociated with changes in androgen production [6,7]. 

Evidence exists that supports the association of PCOS 
with increased sympathetic activity [8]. The role of the 
sympathetic nervous system in the pathophysiology of 
PCOS is supported by the denser innervation of catechol-
aminergic nerve fibers in polycystic ovaries compared 
to cyclic ovaries [9]. Rats injected with a single dose of 
estradiol valerate (EV) develop an anovulatory condition 
that resembles human PCOS [10,11]. Using this rodent 
model, we demonstrated that higher activity of the ovar-
ian sympathetic nervous system in a polycystic ovaries 
rat is related to an increased synthesis of ovarian nerve 
growth factor (NGF), a neurotrophin produced by non-
neuronal ovarian cells [12,13]. Studies in rats have raised 
the possibility that the deranged production of NGF may 
contribute to the development of polycystic ovaries. Ad-
ditionally, several human studies have indicated that an 
excess of intraovarian NGF contributes to human poly-
cystic ovaries [14]. 

Previously, we reported that Korean red ginseng extract 
(KRGE) attenuates the histologic findings of polycystic 
ovaries and NGF expression in the ovaries of EV-induced 
PCOS rats when KRGE is administered beginning a day 
after EV injection [13]. EV-induced polycystic ovaries 
could be detected approximately 60 days after EV injec-
tion; activation of the sympathetic innervation to the 
ovary precedes the formation of polycystic ovaries by at 
least a month [11,15]. Therefore, we cannot definitively 
conclude that these results reflected the effects of KRGE 
on established polycystic ovaries. It is likely that once 
polycystic ovaries are maintained in adulthood following 
their establishment in adolescence [15]. The aim of the 
present study was to investigate the effect of KRGE on 
ovarian sympathetic innervation in rats with fully devel-
oped polycystic ovaries induced by EV. 

MATERIALS AND METHODS

Animals
Sprague-Dawley female rats (n=21) weighing 190 to 210 

g and with regular 4-day estrous cycles were purchased 
from Samtako (Osan, Korea). The rats were quarantined 
and acclimated for 1 week prior to use. The Institutional 
Animal Care and Use Committee at Chonnam National 
University approved the protocols used in this study, and 
the animals were cared for in accordance with the Guide-
lines for Animal Experiments. The animals were housed 
in a room that was maintained at 23±2°C, relative hu-
midity of 50±5%, artificial lighting from 08:00 to 20:00 h 

and with 13 to 18 air changes per hour. The animals were 
housed polycarbonate cages and were given tap water 
and commercial rodent chow (Samyang Feed, Daejeon, 
Korea) ad libitum. The animals were blindly random-
ized into an EV control group (n=7), EV+saline control 
group (1 mL/kg saline, n=7) and EV+KRGE group (200 
mg/ kg KRGE orally everyday for 60 days, beginning 60 
days after the EV injection; n=7). 

Induction of polycystic ovaries 
Twenty one rats received a single 4 mg intramuscular 

injection of EV (Sigma-Aldrich, St. Louis, MO, USA) in 
0.2 mL of sesame oil (Sigma-Aldrich) to induce polycys-
tic ovaries, as previously described [13]. To obtain fully 
developed polycystic ovaries, duration of 60 days after 
the injection was chosen.

Korean red ginseng extract
KRGE was manufactured from the roots of a 6-year-

old fresh Panax ginseng and provided by the Korea 
Ginseng & Tobacco Central Research Institute (Daejeon, 
Korea). The provided KRGE contained 11 glycosides 
as known ginsenosides: Rb1 (15.82%), Rb2 (7.79%), 
Rc (8.06%), Rd (7.57%), Re (3.21%), Rf (4.72%), Rg1 

(1.91%), Rg2 (22.08%), Rg3 (24.06%), Rh1 (4.63%), and 
Rh2 (0.15%). The KRGE was dissolved in saline and ad-
ministered orally.

Ovarian morphology
At the end of the experiments, all rats were anesthe-

sized using an intraperitoneal injection of chloral hydrate 
(500 mg/kg) prior to treatment with a fixative of 4% 
paraformaldehyde-4% sucrose in 0.1 M sodium cacodyl-
ate buffer (pH 7.4). The dissected ovaries were placed in 
the same fixative overnight at 4°C and embedded in par-
affin. Samples were sectioned at a thickness of 4 μm and 
stained with hematoxylin and eosin. Follicles containing 
an oocyte with a nucleus were counted and analyzed by 
an experienced pathologist. If ovum degeneration or at 
least one pyknotic granulosa cell was seen, the follicle 
populations were classified as atretic, otherwise they 
were classified as healthy. Morphological characteristics 
of follicular atresia were scattered pyknotic nuclei in the 
granulosa cell layer, detachment of the granulosa cell 
layer from the basement membrane, fragmentation of the 
basal lamina and the presence of cell debris in the antrum 
of the follicle.

Western blot analysis
Protein samples (30 μg/lane) were separated by 12% 
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sodium dodecyl sulfate-polyacrylamide gel elecropho-
resis (SDS-PAGE) for the detection of NGF-β. Protein 
samples were diluted in SDS-PAGE sample buffer and 
boiled for 10 min before being loaded onto the gels. After 
electrophoresis, the resolved proteins were transferred to 
a nitrocellulose membrane in transfer buffer (20% meth-
anol, 25 mM Tris, 40 mM glycine, pH 8.3). The mem-
brane was blocked using 5% non-fat dry milk and blot-
ted with a 1:2,500 dilution of anti-rabbit NGF antibody 
(Abcam, Cambridge, MA, USA), followed by a 1:10,000 
dilution of goat antirabbit-IgG antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA). Blots were washed 
in phosphate-buffered saline-Tween 20. The bound an-
tibody was detected by enhanced chemiluminescence 
(Amersham Pharmacia, Buckinghamshire, UK). Protein 
loading was normalized to a 1:2,500 dilution of β-actin 
(Sigma-Aldrich). The relative density of the bands was 
densitometrically analyzed using Sciencelab Image 
Gauge ver. 3.12 (Fujifilm, Tokyo, Japan).

Reverse transcription-polymerase chain reaction
Total RNA was extracted from frozen homogenized 

ovary tissue using TRI reagent (Molecular Research 
Center, Cincinnati, OH, USA). Accupower RT premix 
with ExTaq (TaKaRa Bio, Seoul, Korea) was used for 
first strand cDNA synthesis and polymerase chain reac-
tion (PCR) amplication, according to the manufacturer’s 
instructions. cDNA synthesis was achieved by incubating 
template RNA (1 μg) at 70°C and reverse transcriptase 
mix in a reaction volume of 20 mL for 60 min at 42°C, 
then for 5 min at 94°C in a PCR Thermal Cycler GP 
(TaKaRa Bio, Shiga, Japan). PCR was carried out using 
the primer pairs derived from the published rat NGF-β 
sequence (forward, 5’-CTT CAG CAT TCC CTT GAC 
AC-3’; and reverse, 5’-TGA GCA CAC ACA CGC 
AGG C-3’) [16] and primers for rat glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (forward, 5’-
CCA TGG AGA AGG CTG GG-3’; and reverse, 5’-CAA 

AGT TGT CAT GGA TGA CC-3’). The housekeeping 
gene GAPDH was used as an internal control to deter-
mine the relative concentration of NGF-β. Amplified 
PCR products (NGF-β, 592 bp; GAPDH, 199 bp) were 
size-fractionated by electrophoresis through a 1.5% aga-
rose gel and stained with ethidium bromide (0.2 μg/mL). 
The DNA bands were visualized and quantified by den-
sitometry and expressed as the ratio of the densitometric 
analysis for each target gene normalized to the GAPDH 
control. The density of each band was quantified as de-
scribed above.

Statistical analysis
Data presented are the mean values from three animals 

±SD. Data are representative of three independent ex-
periments. Statistical analysis of the data was performed 
using a Student’s t-test with a Bonferroni correction for 
analysis of multiple comparisons. The differences were 
considered significant at p<0.05.

RESULTS

Histological findings
Ovaries in the EV control group exhibited numerous 

cystic follicles in the ovarian cortex (Fig. 1A). In the 
EV+saline control group, cystic follicles were decreased 
in number (Fig. 1B). The numbers of corpora lutea and 
corpora albicantia in the EV+KRGE group were signifi-
cantly higher than the EV control group, while the num-
ber of cystic follicles was lower (Fig. 1C). More growing 
secondary follicles were evident, compared with the EV 
control group.

NGF changes after EV injection and response to 
KRGE administration

The ovarian NGF mRNA expression was significantly 
increased in the EV-treated control group. In the EV 
group receiving KRGE, NGF mRNA was significantly 

Fig. 1. Morphological changes of the ovary. (A) Estradiol valerate (EV) group: numerous cystic follicles (asterisks) were identified in the ovarian 
cortex. (B) EV+saline control group: cystic follicles (asterisks) were decreased in number. (C) EV+Korean red ginseng extract group: cystic fol-
licles (asterisks) were decreased in number. Some normal follicles (arrows) were noted too (H&E, x40).
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depressed compared with the rats exhibiting EV-induced 
polycystic ovaries (p<0.05) (Fig. 2). Likewise, the con-
centration of ovarian NGF protein was significantly 
higher in the EV group, and daily KRGE administration 
resulted in significantly lower concentration of ovarian 
NGF protein in the rats with polycystic ovaries receiv-
ing KRGE than in the EV control group (p<0.05) (Fig. 
3). The ovarian concentration of NGF protein in the EV 
control group and the polycystic ovaries group receiving 
saline were similar.

DISCUSSION

We previously demonstrated the effects of KRGE on 
the development of polycystic ovaries by administering 
KRGE beginning a day after EV injection [13]. The pres-
ent results show that KRGE can attenuate the sympathet-
ic marker in terms of ovarian NGF, even after polycystic 

ovaries are fully developed. This suggests that KRGE 
could have an impact on established polycystic ovaries. 

PCOS is the most common endocrine disorder in 
women of reproductive age. A huge amount of health-
care resources have been used for PCOS-related dis-
orders. Several pharmacological agents, including oral 
contraceptives and metformin have been used for the 
restoration of menstruation and treatment of hyperan-
drogenism [17,18]. However, it remains controversial 
whether pharmacological agents can modulate polycystic 
ovaries morphology [19-21]. Moreover, the effects of 
these agents are temporary, and clinical manifestations of 
PCOS reappear after cessation of the medication. Thus, 
it is clinically important to evaluate whether KRGE has 
an impact on rat polycystic ovaries, which may reflect an 
impact on human polycystic ovaries.

The presence of polycystic ovaries has recently been 
included as a key element for the diagnosis of PCOS, 

Fig. 2. Ovarian nerve growth factor (NGF) mRNA levels in control and polycystic ovaries rats treated with Korean red ginseng extract (KRGE). 
NGF mRNA increased in the estradiol valerate (EV)-treated polycystic ovaries group. An increase in mRNA expression was reversed by KRGE 
administration in polycystic ovaries rats. Values are given as mean±SD normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 
A representative reverse transcription-polymerase chain reaction is shown at left. M, DNA marker; EV, EV control group; CON, EV plus saline; 
KRGE, EV plus KRGE. *p<0.05 vs. EV group; #p<0.05 vs. CON group.

Fig. 3. Ovarian nerve growth factor (NGF) protein levels in control and polycystic ovaries rats treated with Korean red ginseng extract (KRGE). 
Protein level of NGF was higher in the estradiol valerate (EV)-treated polycystic ovaries group and KRGE treatment reversed the stimulatory ef-
fect of EV. Values are mean±SD normalized for β-actin. A representative Western blot is shown at left. EV, EV control group; CON, EV+saline; 
KRGE, EV+KRGE. *p<0.05 vs. EV group; #p<0.05 vs. CON group.
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leading to two different sets of diagnostic criteria [22,23]. 
Polycystic ovaries can be observed during pubertal de-
velopment and in patients with hypothalamic amenorrhea 
or hyperprolactinemia [6]. Overall, polycystic ovaries 
are observed in 20% to 30% of the population. It remains 
controversial whether the isolated presence of polycystic 
ovaries is clinically significant [1]. Nonetheless, as-
ymptomatic women with polycystic ovaries have some 
abnormalities related to androgen secretion and insulin 
sensitivity [24].

To date, the precise mechanism(s) responsible for the 
development of polycystic ovaries is poorly understood. 
The potential contribution of the peripheral sympathetic 
nervous system to polycystic ovaries has been suggested 
by several observations, including the increased density 
of catecholaminergic nerves detected by histofluores-
cence in patients suffering from the disease [25] and the 
effectiveness of ovarian wedge resection in restoring 
ovulatory capacity, especially when the hilum, where 
nerves enter the ovary, is compromised [26]. 

The development and function of ovarian sympa-
thetic innervations depend on the ability of the ovary to 
produce NGF [27]. Although ovarian NGF facilitates 
follicular development and ovulation, an excess of the 
neurotrophin in the rodent ovary reduces ovulatory ca-
pacity and causes the development of precystic follicles 
[15]. Our findings, which demonstrated an association 
between EV-induced cystic ovarian morphology and 
increased NGF expression, as defined by Western blot 
analysis, are consistent with previous observations [15]. 
Very recently, it was reported that ovarian production 
of NGF is increased in PCOS patients and transgenic 
overexpression of the neurotrophin targeted to the mouse 
ovary results in polycystic ovaries [14]. The previous and 
present results suggest that the overproduction of ovar-
ian NGF is an important contributing factor to polycystic 
ovaries in both humans and rodents.

Our previous study could not exclude the competitive 
antagonism of KRGE against EV on estrogen receptors. 
As the ginsenosides share a backbone similar to steroidal 
hormones, some ginsenosides have been shown to bind 
to the same target protein as steroidal hormones, includ-
ing estrogen receptors [28]. The present study suggests 
something beyond direct antagonism against EV because 
KRGE was administered beginning from 60 days after 
EV injection. We do not currently understand the mo-
lecular mechanisms for this apparent partial attenuation 
of NGF expression and reversal of polycystic ovaries in 
EV-induced rats following the administration of KRGE. 
These findings need to be further investigated in rela-

tion to adrenoreceptors and neutrophin receptors, since 
they are possible participants in the development of EV-
induced polycystic ovaries [29].

In summary, the present study using an EV-induced 
PCOS rat model demonstrates that KRGE decreases the 
ovarian production of NGF and cyst formation, even af-
ter polycystic ovaries are fully developed. These findings 
suggest that ovarian NGF contributes to the pathophysi-
ology of polycystic ovaries and that established polycys-
tic ovaries can be reversed by KRGE administration.
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