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Abstract: This study aimed to evaluate the beneficial effects of a traditional Chinese medicine named Gengnianchun
(GNC) in ovariectomized Sprague-Dawley rats. The rats were randomly categorized into sham-operated group
(Sham), saline-treated ovariectomized group (OVX), GNC-treated ovariectomized group (OVX+GNC), estradiol valer-
ate-treated ovariectomized group (OVX+E). GNC and estradiol was administered for 1 month at dosages of 125 and
0.1 mg/day, respectively. Ovariectomy caused deterioration of learning and memory ability (P < 0.05), which was
restored by treatment with GNC and estradiol (P < 0.05). Estrogen level and endometrial thickness significantly de-
creased in the OVX group (P < 0.05). These parameters significantly increased in the OVX+E group (P < 0.05) but did
not change in the OVX+GNC group (P > 0.05). GNC and estradiol significantly increased the levels of norepinephrine
(NE) and dopamine (DA) and decreased the levels of 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid
(5-HIAA) in the hypothalamus (P < 0.05). The levels of interleukin-1 beta (IL-1B), interleukin-6 (IL-6), and tumor ne-
crosis factor-alpha (TNF-a) significantly decreased and the levels of interleukin-2 (IL-2) and interferon-gamma (IFN-y)
increased in the OVX+GNC and OVX+E groups compared with those in the OVX group (P < 0.05). OVX rats treated
with GNC and estradiol further exhibited reversed ovariectomy-induced weight gain and leptin resistance (P < 0.05).
These results indicated that GNC demonstrated phytoestrogen-like properties without the side effects of estradiol
valerate. Thus, GNC may confer protective and beneficial effects for management of menopausal syndrome.
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Introduction that hormone replacement therapy (HRT) is the
most effective treatment for menopausal symp-
toms; nevertheless, this treatment presents a

complex pattern of risks and benefits. Studies

Menopause is an important physiological event
characterized by the cessation of ovarian func-

tion, resulting in low estrogen levels. Women
with menopause syndrome experience a vari-
ety of symptoms, such as hot flashes, sweating,
anxiety, depression, mood swings, sleep disor-
der, and learning and memory disorder; all of
these symptoms are due to the cessation of
ovarian estrogen production [1].

Approximately 40% of women suffering meno-
pausal symptoms seek treatment to manage
these conditions. The recommendations in the
Global Consensus Statement on Menopausal
Hormone Therapy in November 2012 [2] states

have shown that women who undergo HRT
demonstrated an increased risk of cardiovascu-
lar diseases, breast cancer, endometrial hyper-
plasia, and cancer [3]. Thus, many women
refuse to use HRT and resort to alternative
approaches for menopausal symptoms, with
herbal mixtures being considered as an effec-
tive mode of complementary therapy.

Estrogen plays multiple biological roles and is
required for the development of normal physio-
logical function. Estrogen also regulates cogni-
tion, immune function, lipid metabolism, and
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neurotransmitters. This hormone exerts its
effects via the interaction of its known estro-
gen receptors, namely, ERa and ERp, with its
target tissues [4].

Traditional Chinese medicine (TCM) has been
used in Asian countries for over 5,000 years to
prevent and treat diseases. According to TCM
theory, menopausal syndrome is caused by
kidney-liver weakness caused by essence defi-
ciency accompanied with yin-yang imbalance
and organ disharmony [5]. Herbal formulas
classified as kidney/liver-tonifying mixtures are
thus considered suitable for management of
menopausal symptoms. As TCM consists of dif-
ferent herbs, the effects of the decoction are
observed after the total and final reaction of
the constituent compounds when administered
to humans. Traditional Chinese herbs have long
been used for improving menopausal symp-
toms because they exhibit minimal side effects
[6]. Among different TCM types, Gengnianchun
recipe (GNC) has been used for treatment of
menopausal symptoms; GNC was originally
developed based on many years of clinical
experience to nourish kidney and liver.

In this study, we explored the effects of GNC in
ovariectomized Sprague-Dawley rats. Estradiol
level and endometrial thickness were quanti-
fied to confirm alleviation after ovariectomy. We
used the Morris water maze to assess the
effects of GNC on learning and memory ability.
Dopaminergic and serotonergic indices, includ-
ing norepinephrine (NE), dopamine (DA),
5-hydroxytryptamine (5-HT), and 5-hydroxyin-
doleacetic acid (5-HIAA), were determined to
investigate the effects of GNC on neurotrans-
mitters in the hypothalamus. The levels of cyto-
kines, such as interleukin-1 beta (IL-1B), inter-
leukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a0), interleukin-2 (IL-2), and interferon-
gamma (IFN-y), were measured to reveal the
effects of GNC on the immune system. Serum
leptin concentrations and body weight were
evaluated to examine the effects of GNC on
lipid metabolism. This study aimed to deter-
mine the action of GNC on dramatic alterations
in the body caused by estrogen deficiency.

Materials and methods
Chinese medicinal formula
The GNC formula contained 12 crude herbs,

which were prepared as shown in Table 1. The
applied composition was referenced from TCM
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theory and our clinical experience. GNC was
obtained from the Obstetrical and Gynecology
Hospital of Fudan University. A total of 138 g of
herbs was concocted into 25 g of concentrated
power (Table 1).

Experimental animals

Ovariectomy is a standard surgical procedure
used to induce menopause in experimental ani-
mals. We purchased 32 female Sprague-
Dawley rats, with weights ranging from 220 g to
250 g and age of 3 months, from the
Experimental Animal Center of the Chinese
Academy of Sciences (Shanghai, China). The
rats were kept under standard 12 h light and
12 h dark photoperiod with controlled tempera-
ture (23 + 3°C) and 45%-60% humidity. Twenty-
four rats were bilaterally ovariectomized to cre-
ate menopause models, and the eight remain-
ing rats were sham operated as non-ovariecto-
mized controls (Sham). The ovariectomized rats
were randomly divided into three groups con-
taining eight rats each: saline-treated ovariec-
tomized group (OVX), GNC-treated ovariecto-
mized group (OVX+GNC), and estrogen-treated
ovariectomized group (OVX+E). Treatments
were started 1 week after bilateral ovariectomy
under anesthesia with 10% chloral hydrate (0.7
ml/100 g). GNC and estrogen were adminis-
tered once daily for 1 month at dosages of 5
and 0.4 mg/g, respectively. Physiological saline
was given to rats in the untreated control and
non-ovariectomized groups. One day after 1
month of treatment, the rats were tested in the
Morris water maze. After the test, the rats were
anesthetized with i.p. injection of chloral
hydrate (0.7 ml/100 g) and then rapidly dissect-
ed. Cardiac blood, uteri, and hypothalami were
collected for further analyses. Body weight was
recorded on the first and last day of the
experiment.

Morris water maze

The Morris water maze consisted of a circular
pool with 1.5 m diameter and 0.8 m height, and
the pool was filled to a level of 35 cm with water
and maintained at approximately 25°C [7]. Pool
water was made opaque by adding 150 ml of
nontoxic paint. Maze performance was record-
ed by a video camera suspended above the
maze and interfaced with a video tracking sys-
tem. Extra-maze cues surrounding the maze
were fixed at specific locations and made visi-
ble to the rats while in the maze. A clear plastic
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Table 1. Composition and preparation of GNC
formula

Crude herbs Content
Radix Rehmanniae 15¢g
Rhizoma Coptidis 3g
Radix Paeoniae Alba 12 g
Rhizoma Anemarrhenae 15¢
Cistanche Salsa 12 ¢
Radix Moridae Officinalls 12 g
Poria 9¢g
Epimedium Brevicornums 12 g
Cortex Phellodendri Amurensis 9¢g
Fructus Lycii 12 g
Semen Cuscutae 12 g
Carapax et plastrum Testudinis 15¢

escape platform with 10 cm diameter was posi-
tioned 2 cm below the water surface. The first
day of testing occurred 1 month after the treat-
ment. The subjects were trained for 5 d with
four trials per day (a total of 20 trials). The loca-
tion of the submerged platform did not change
throughout the experiment. For each trial, the
rats were placed in the water facing the edge of
the tank from one of the four start locations.
The order of the start locations was random-
ized to ensure that the rats never started from
the same location on any two consecutive tri-
als. On each trial, the rats were allowed 90 s to
locate the submerged platform. If they did not
find the platform within the allotted time, the
experimenter guided the subject to the plat-
form. The rats were allowed to remain on the
platform for 20 s before being removed from
the maze and dried. We recorded the time
required by the rats to locate the submerged
platform on each trial as the escape latency
period (ELP). When the rats could not locate the
platform, their ELP was recorded as 90 s. At the
end of testing on Day 5, the platform was
removed from the tank and a probe trial was
performed for 90 s. This trial is known as spa-
tial probe performance (SPP) test, in which we
recorded the time spent by the rats to search
the platform.

Serum estradiol, cytokine, and leptin determi-
nation

Blood samples were extracted from the hearts
of the rats after the last intragastric administra-
tion. The samples were allowed to clot at room
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temperature, and serum was separated by cen-
trifugation at 1000 x g for 15 min and then
stored at -80°C for biochemical analysis.
Serum estradiol level was measured by radio-
immunoassay with a commercial kit (Radim,
Pomezia, Italy). The serum concentrations of
IL-1B, IL-2, IL-6, IFN-y, TNF-a, and leptin were
determined through enzyme-linked immuno-
sorbent assay with commercial kits (Abcam,
USA). All measurements were carried out
according to the manufacturer’s protocols.

Endometrial thickness determination

The uteri were removed from sacrificed rats,
and the adhering fats were trimmed. The sam-
ples were fixed in 10% formalin for at least 24 h
at room temperature. After fixation, the tissues
were dehydrated in graded ethanol, cleared in
xylene, and embedded in paraffin. The thin sec-
tions (4 um thick) were mounted on glass
slides, dewaxed, rehydrated with distilled water,
and stained with hematoxylin and eosin.
Endometrial thickness was observed under a
light microscope.

Neurotransmitter (NE, DA, 5-HT, and 5-HIAA)
determination in hypothalamus

After the rats were killed and their brains were
rapidly removed, each hypothalamus was dis-
sected on ice and then weighed. The hippocam-
pi were homogenized and deproteinized with
5% perchloric acid solution. The homogenate
was centrifuged at 13,200 rpm for 40 min at
4°C, and the supernatant was stored at -80°C.
High-performance liquid chromatography
(HPLC) was used to assay NE, DA, 5-HT, and
5-HIAA. The HPLC procedure was performed
according to a previously described method
with some minor modifications [8]. For mono-
amine analysis, an Agilent Eclipse XDB-C18
analytical column (150 mm x 4.6 mm, 5 ym;
Agilent, USA) was used. The mobile phase con-
sisted of 10% methanol and 90% aqueous
solution containing 75 mM NaH_PO,, 1.7 mM
orthosilicic acid, 25 ym ethylene diamine tet-
raacetic acid disodium salt, and 0.5 mM
octanesulfonic acid sodium salt at a flow rate of
0.8 ml/min and pH of 3.5. The levels of NE, DA,
5-HT, and 5-HIAA were detected using an Antec
Decard SDC electrochemical detector (Antec,
Holland). The HPLC system was connected to a
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computer to quantify all compounds by com-
paring the area under the peaks with the area
of reference standards by using HPLC software
(Chromatography Station for Windows).

Statistical analysis

Statistical analysis of the experimental data
was carried out using SPSS 13.0 software
(SPSS, Chicago, IL, USA). A P-value of 0.05 or
less was considered statistically significantly.
The results of the evaluation were compared
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between OVX and the other groups with one-
way analysis of variance.

Results

GNC improves learning and memory ability in
Morris water maze test

ELP was measured in Morris water maze test,
and the times that the rats across the platform
was determined in SPP test. Ovariectomy sig-
nificantly increased ELP and decreased the
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time spent by the rats across the platform (P <
0.05, Figure 1A and 1B). In the OVX+GNC and
OVX+E groups, ELP decreased and the time
spent by the rats across platform increased
compared with those in the OVX group (Figure
1A and 1B). As shown in Figure 1C, the trails in
the OVX group were randomly distributed. After
treatment with GNC and estradiol, the trails
concentrated near the platform (Figure 1C).
These parameters, namely, ELP, time in SPP,
and trail, showed that ovariectomy caused
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Figure 2. Effects of GNC
on estrogen levels and en-
dometrial thickness. A. Se-
rum levels of estrogen; B.
Endometrial thickness; C.
endometrium stained with
hematoxylin and eosin
under a light microscope
in the OVX+GNC, OVX+E,
OVX, and Sham groups.
Data are expressed as
mean values + S.D. (n =
8). *P < 0.05, **P < 0.01.

deterioration of learning and memory ability,
which were restored after treatment with GNC
and estradiol.

GNC improves menopause syndrome without
affecting estrogen concentration and endome-
trial thickness

Serum estrogen concentration in the OVX group

significantly decreased compared with those in
the Sham group (P < 0.01, Figure 2A).
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Ovariectomy also resulted in significantly
decreased endometrial thickness (P < 0.01,
Figure 2B). By contrast, GNC treatment did not
affect serum estrogen level and endometrial
thickness (P > 0.05, Figure 2A and 2B). The
endometrium stained with hematoxylin and
eosin was further observed under a light micro-
scope as shown in Figure 2C. Serum estrogen
concentration and endometrial thickness in the
OVX+E group significantly increased compared
with those in the OVX group (P < 0.01, Figure
2A and 2B).

GNC decreases the levels of IL-18, IL-6, and
TNF-a and increases the levels of IL-2 and
IFN-y

As shown in Figure 3, the serum levels of IL-1j3,
IL-6, and TNF-a were significantly higher and
the serum levels of IL-2 and IFN-y were lower in
the OVX group than those in the Sham group (P
< 0.05, Figure 3A and 3B). In the OVX+GNC
group, the serum levels of IL-1B, IL-6, and TNF-a
were significantly lower and the serum levels of
IL-2 and IFN-y were higher than those in the
Sham group (P < 0.05, Figure 3A and 3B). The
serum levels of these cytokines did not signifi-
cantly differ between the OVX+GNC and OVX+E
groups (P > 0.05).

GNC upregulates the levels of NE and DA and
downregulates the levels of 5-HT and 5-HIAA

As shown in Figure 4, ovariectomized rats dem-
onstrated low levels of DA and NE (P < 0.05,
Figure 4A) and high levels of 5-HT and 5-HIAA
(P < 0.05, Figure 4B). The OVX+GNC and OVX+E
groups presented significantly higher levels of
DA and NE (P < 0.05, Figure 4A) and lower lev-
els of 5-HT and 5-HIAA (P < 0.05, Figure 4B)
than those in the OVX group. These results indi-
cated that GNC treatment exhibited similar
effect to estradiol treatment (P > 0.05).

GNC ameliorates leptin resistance and reduc-
es body weight

No significant differences were observed in the
initial body weight among all groups (P < 0.05,
Figure 5A). The final body weight significantly
increased in the OVX group compared with that
in the Sham group (P < 0.05, Figure 5A). Rats in
the OVX+GNC and OVX+E group demonstrated
significantly lower body weight than those in
the OVX group (P < 0.05, Figure 5A). Leptin
level was higher in the OVX group than that in
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the Sham group (P < 0.05, Figure 5B), but lower
in the OVX+GNC group and OVX+E groups than
that in the OVX group (P < 0.05, Figure 5B). No
difference was observed between the OVX+GNC
and OVX+E groups in terms of body weight and
leptin level (P > 0.05, Figure 5B).

Discussion

Menopause leads to a wide range of symptoms,
including hot flashes, night sweats, sleeping
problems, and emotional and cognitive dys-
function. Studies on rodent and non-human pri-
mates rely on an ovariectomized model of sur-
gical menopause, resulting in abrupt withdraw-
al of estrogen. Our study showed that ovariecto-
mized rats showed a significant decrease in
serum estrogen concentration and endometrial
thickness compared with sham-operated rats.
The reduction in endometrial thickness was
caused by the lack of estrogen secreted by the
ovaries. Administration of estradiol to ovariec-
tomized rats for 1 month increased estrogen
level and endometrial thickness. However, no
significant difference in serum estrogen con-
centration and endometrial thickness was
observed after GNC treatment of ovariecto-
mized rats. Therefore, GNC could be consid-
ered a safe and effective complementary or
alternative treatment for menopausal syn-
drome.

Complaints of memory loss are common during
menopause in women [9]. Some studies on the
relationship between menopause and learning
and memory ability are impelled by pre-clinical
evidence indicating that estrogen can help pre-
serve cognitive function during aging. Estrogen
deficiency in menopausal women causes mem-
ory decline and dementia in late life [10]. In the
present study, the results of Morris water maze
test revealed that ovariectomy impaired the
learning and memory ability of the rats.

Hippocampus and prefrontal cortex, which
serve as episodic and working memory, respec-
tively, contain abundant estrogen receptors
[11]. In animal and in vitro models, estrogen
increases the levels of acetylcholine, promotes
neuronal growth and synapse formation, acts
as antioxidants, and regulates calcium homeo-
stasis and second messenger system [12].
Therefore, estrogen fluctuation and withdrawal
affects the central nervous system and poten-
tially influences learning and memory ability.
Healthy postmenopausal women who under-
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Figure 3. Effect of GNC on serum levels of cytokines.
(A) Serum levels of IL-1B, IL-6, and TNF-a and (B) IL-2
and IFN-y in the OVX+GNC, OVX+E, OVX, and Sham
groups. Data are expressed as mean values + S.D. (n
=8). *P < 0.05, **P < 0.01.
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Figure 4. Effects of GNC on neurotransmitter levels. (A) Levels of NE and DA and (B) Levels of 5-HT and 5-HIAA in
the hippocampus in the OVX+GNC, OVX+E, OVX, and Sham groups. Data are expressed as mean values + S.D. (n =

8). *P < 0.05.

went HRT exhibited better performance on
memory tests than those untreated with HRT
[13]. Treatment of ovariectomized rats with
estradiol and GNC significantly shortened the
ELP and improved the trail in SPP test. No sig-
nificant differences were observed between
the OVX+GNC and OVX+E groups, suggesting
that GNC and estradiol exhibited similar effects
on cognitive function.

Some researchers have suggested that decre-
ased estrogen level may lead to stress, anxiety,
depression, sleep concerns, and hot flashes
during menopausal transition [14]. Hot flashes
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and night sweats, which are the most common
symptoms reported by menopausal women,
severely affect their quality of life. Currently,
HRT remains as the most effective treatment
for menopause syndrome.

Emerging studies show that the effects of
estrogen on depression, anxiety, and hot flash-
es are substantially mediated by the hypotha-
lamic and pituitary function through the hypo-
thalamic-pituitary-sexual gland axis [15]. This
phenomenon is mainly due to estrogen recep-
tors, which are widely present in cortex, pitu-
itary, and hypothalamus [16]. Therefore, estro-
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Figure 5. Effects of GNC on body weight and leptin levels. (A) Body weight before and after treatment and (B) Leptin
level in the OVX+GNC, OVX+E, OVX, and Sham groups. Data are expressed as mean values + S.D. (n = 8). *P < 0.05.

gen can affect the central nervous system to
regulate neurotransmitter level. Changes in
neurotransmitter levels are significant conse-
quences of the deregulated gonadal hormone
production during deterioration of many central
nervous system activities, particularly those
associated with hippocampal function [17]. DA
and NE, which are important catecholaminergic
monoamines, are involved in emotional disor-
ders when their release is inhibited or their per-
tinent neurons are destroyed [18]. The seroto-
nergic neurotransmitter 5-HT and its metabo-
lite 5-HIAA are involved in regulation of diverse
functions, such as hot flashes and night sweats,
and have been proven to be decreased by
estrogen in ovariectomized rats [19]. In addi-
tion, ovariectomized and male animals demon-
strated reduced DA and NE functions compared
with females with intact ovaries [20].

The present result showed that GNC significant-
ly increased catecholaminergic neurotransmit-
ter (NE and DA) levels and decreased seroto-
nergic neurotransmitter (5-HT and 5-HIAA) lev-
els, which were in accordance with the effects
of estradiol. This finding suggested that neu-
rotransmitter regulation could be another vital
mechanism of GNC in ameliorating menopause
syndrome.

Cytokines are key regulators of immune
responses and are involved in neuroendocrine-
immune interaction. Biological effects induced
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by cytokinesis include stimulation or inhibition
of cell proliferation, apoptosis, antiviral activity,
cell growth, cell differentiation, and inflamma-
tory responses, as well as upregulation of the
expression of surface membrane proteins [21].
Cytokines mainly include interleukins, interfer-
ons, tumor necrosis factors, and so on [22].
Some cytokines primarily induce inflammation,
whereas other cytokines suppress inflamma-
tion. As cytokine function is fundamental to
cytokinesis biology and clinical medicine, the
balance between the effects of pro-inflamma-
tory and anti-inflammatory cytokines must be
considered in determination of disease out-
comes.

Estrogen is a potential factor involved in regula-
tion of immune function. Estrogen deprivation
after menopause may upset the immunological
balance in postmenopausal women, resulting
in enhanced production of pro-inflammatory
cytokines, including IL-13, IL-6, and TNF-« [23],
which are closely related to oxidative stress
[24]. In addition, the serum concentrations of
IL-2 and IFN-y decreased in women with surgi-
cal menopause [25]. Studies have shown that
HRT can improve the balance of cytokines
through estrogen acting in immunocytes [26].
Under normal circumstances, immunoreaction
is an elicited response to eliminate causes of
initial cell injury and resultant tissues from the
original insult [27]. After menopause, excessive
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inflammation and oxidative stress becomes a
chronic condition, which continuously deterio-
rates the surrounding tissues and eventually
results in severe chronic diseases, such as
osteoporosis, tumors, cardiovascular diseases,
and Alzheimer’s disease [28-32].

IL-1B is an important initiator of immune
responses and plays a key role in the onset and
development of a complex inflammatory cas-
cade. IL-1B can induce IL-6 production, stimu-
late nitric oxide synthase activity, and increase
the level of macrophage colony-stimulating fac-
tor [33]. IL-6 is a multifunctional cytokine
important in host defense [34] and primarily
regulates inflammatory responses [35]. TNF-a
is a pleiotropic inflammatory cytokine involved
in a variety of biological processes, including
oxidative stress [36]. TNF-« initiates and regu-
lates the cytokinesis cascade during an inflam-
matory response. The oxidative stress observed
with aging and estrogen deficiency in post-
menopausal women is partly related to TNF-o-
mediated processes [32]. Many studies have
reported that pro-inflammatory serum markers,
particularly IL-6, increased after menopause in
healthy women [37]. Other studies have also
suggested that changes in the immune system
of postmenopausal women are due to estrogen
deprivation [38-40]. As IL-13 and TNF-a stimu-
late IL-6 production and IL-6 influences synthe-
sis of IL-13 and TNF-«, scholars have suggested
that the levels of these cytokinesis may be
directly associated with one another [41]. IL-2
was discovered through its ability to induce the
in vitro growth of activated T cells [42]. An age-
dependent decrease in IL-2 production in T
cells in senescent animals have also been well-
documented [43]. IFN-y further represents the
pleiotropic nature of cytokinesis as it exhibits
antiviral activity and activates cytotoxic T cells.
Therefore, IL-2 and IFN-y deficiency may lead to
immunodeficiency.

The present study revealed that the immune
system balance was upset in ovariectomized
rats as evidenced by increased levels of IL-10,
IL-6, and TNF-« levels and decreased levels of
IL-2 and IFN-y. Moreover, treatments with GNC
and estradiol were shown to decrease the
serum levels of IL-1B, IL-6, and TNF-a and
increase the serum levels of IL-2 and IFN-y.
Therefore, similar to estradiol, GNC may be
used to regulate immunological balance and
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prevent severe tissue deterioration and chronic
diseases.

A common clinical observation indicates that a
large number of menopausal women experi-
ence weight gain, particularly central obesity.
This observation suggests that the decline of
estrogen not only increases body fat and
weight, but also changes body fat distribution
[44]. Obesity is a serious problem that height-
ens the risk of several chronic illnesses, includ-
ing cancer development, cardiovascular dis-
eases, and type 2 diabetes [45-47]. However,
the exact mechanism of the menopausal effect
on obesity has not been elucidated. Previous
reports indicated that HRT inhibited the
increase in fat mass in post-menopausal
women by about 60% and concomitantly
decreased cardiovascular risks [48, 49].

Leptin is an obese gene product mainly
expressed in adipose tissues [50]. Leptin is a
key regulator of energy balance and functions
in brain to decrease food intake and increase
energy expenditure [51]. Serum leptin concen-
tration is closely related to body fat and varies
between males and females [52]. This sex dif-
ference may be associated with the stimulating
role of estrogen or suppressing role of andro-
gens on leptin production [53]. Previous stud-
ies suggested that that estradiol could be relat-
ed to metabolism, production, and action of
leptin in postmenopausal women [54].

Estrogen deficiency increases the accumula-
tion of body fat in post-menopausal women;
several studies found that ovariectomized rats
presented low energy expenditure without cor-
responding decreases in energy intake, result-
ing in obesity [55]. Leptin functions as a feed-
back signal from the body energy storage to
brain, and its circulating level diminishes during
adiposis and increases during leanness [56].
Although obesity leads to increased leptin level,
an excess of leptin does not lead to the pheno-
type of leanness as theoretically expected; this
phenomenon is recognized as leptin resis-
tance. Some studies have reported that OVX-
induced weight gain is associated with
increased circulating leptin level and leptin
resistance [57], which is consistent with the
results of the present study. The mechanism of
leptin resistance remains unclear, but three
possible related processes have been postu-
lated, which include (1) failure of circulating
leptin to reach its targets in the brain [58], (2)
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decrease in the expression of leptin receptor
[59], and (3) inhibition of the signaling events
within selected neurons in specific brain
regions [60].

The present study revealed that GNC decreased
body weight and leptin levels, which were simi-
lar between GNC- and estradiol-treated OVX
rats. Therefore, GNC may be used to improve
leptin resistance as evidenced by decreased
serum leptin levels.

In conclusion, menopausal symptoms may
become a problem not for only women, but also
for their families and communities. Although
HRT remains as the most effective treatment
for vasomotor symptoms, recent evidence
shows that many women no longer prefer HRT
and are seeking alternatives. Therefore, in this
period, GNC can be recommended as an effec-
tive replacement treatment.

As shown in our study, GNC can improve meno-
pause syndrome as manifested by (1) increased
learning and memory ability, (2) regulated neu-
rotransmitter levels in the hypothalamus, (3)
restored immune system balance, (4) amelio-
rated leptin resistance, and (5) reduced body
weight. Moreover, GNC did not affect serum
estrogen level and endometrial thickness.
These results provided evidence for the poten-
tial benefits of GNC for menopause syndrome.
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