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The use of natural products in the remedies for health
care and various diseases or traditional medicine has been
around for a long time in many countries. Recent advances
in the fields of natural products including various plants
have been widely utilized in an aspect of biotechnology
together with therapeutic applications. The active constitutes
isolated or characterized from natural products have been
developed as the lead ingredients of novel pharmaceuticals,
alternative medicines, and nutraceuticals. Consistent efforts
are being paid on treating metabolic diseases, cardiovascular
diseases, carcinoma, inflammatory diseases, and infection
around the world using natural products. In the current issue,
we will deal with recent investigations of endocrinal disorder
related to a network of glands which produce or release
hormones that regulate in cell and organ of body. Endocrinal
disorder in human can be induced by alterations of genetic
factors and the exposure to endocrine disrupting chemicals
as environmental factors has an impact on human life. We
hope that biotechnological and therapeutic application of
useful plants and their active constitutes may have efficacy
to be developed as alternative remedies in curing endocrinal
disorder in human disease.

For this special issue we invited global investigators to
submit their original research and review articles involving
biotechnological and therapeutic application using useful
plants of natural products for controlling endocrine dis-
eases including obesity/diabetes/hyperlipidemia related to
metabolic syndrome, osteoporosis related to bone, thyroid
disease, cardiovascular, or renal diseases, and hormonal

growth disorders. In addition, we also invited the articles that
investigate physiologic effects of the plants, its composition,
and nutrients, using both in vitro and in vivo animal models,
together with clinical trials. After a rigorous peer-review
process, various studies on biotechnological and therapeutic
application using useful plants of natural products for con-
trolling endocrine diseases were accepted as the articles in
this special issue.

Goiter, an enlargement of the thyroid gland, was reported
which can be associated with a number of thyroid diseases
such as thyroid dysfunction (hyperthyroidism and hypothy-
roidism), autoimmune thyroid disease (Graves' disease and
Hashimoto’s thyroiditis), thyroiditis, and thyroid cancer. L.
Xiu et al. showed that HYDf and HYDp, which are two
different species of Haizao Yuhu Decoction (HYD), have been
widely used to treat thyroid-related diseases especially goiter
with few side effects in traditional Chinese medicine (TCM),
including herb pair Sargassum (HZ) and Glycyrrhizae Radix
et Rhizoma (GC), could exhibit antigoitrous effect through
alterations in hypothalamus-pituitary-thyroid (HPT) axis
and inhibition of the TPO gene expression in goiter rat model.

Endometriosis is reported as a common benign disorder
characterized by the ectopic growth of endometrium, affect-
ing approximately 15% of women of reproductive age, causing
chronic pelvic pain, dysmenorrheal, irregular menstrual
cycle, and infertility. R.-N. Liang et al. demonstrated that
Ping-Chong-Jiang-Ni formula (PCJNF), a Chinese herbal
medicine (CHM), was shown to be clinically effective on
endometriosis. They explored the effect of PCJNF on the
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ectopic endometrial stromal cells (EESCs) from endometrio-
sis. PCJNF could suppress cell proliferation, migration, and
invasion, while increasing apoptosis in EESCs, and the sup-
pressed proliferation and enhanced apoptosis were mediated
by JNK signaling.

X. Wang et al. demonstrated that compounds from
Cynomorium songaricum (CS) exhibited phytoestrogenic
and phytoandrogenic activities using MCF-7 or LNCaP cells
and HeLa or AD293 cells, which may contribute to inhibit-
ing the oestrogen/androgen-induced BPH development. Y.
Zhang et al. showed that Pingmu Decoction could reduce
orbital preadipocytes viability, induce apoptosis of mature
adipocyte via Fas/Fas L signaling pathway, and reduce lipid
accumulation and downregulated the expression of PPAR y
and C/EBP « in preadipocytes of Graves Ophthalmopathy
(GO) patients from differentiating into mature adipocytes
and medicinal serum which was prepared from rats.

In an aspect of osteoporosis, S.-W. Choi et al. demon-
strated that barley seedling extracts (BSE) dose-dependently
inhibited RANKL-induced osteoclast differentiation with
alteration of IxB degradation, c-Fos, and NFATcl molecules
in the early-to-middle stages of osteoclastogenesis. Addi-
tionally, in the late phase of osteoclastogenesis, BSE also
prevented DC-STAMP and cathepsin K, which are required
for cell fusion and bone degradation, such as osteoclast
function.

A variety of studies in this special issues could provide
new insights to treat and prevent endocrinal disorders.
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Background. Haizao Yuhu Decoction has been widely used to treat thyroid-related diseases especially goiter with few side effects
in traditional Chinese medicine (TCM), including herb pair Sargassum (HZ) and Glycyrrhizae Radix et Rhizoma (GC), as one
of “eighteen antagonistic medicaments.” The two different species of Sargassum, Sargassum fusiforme (Sf) and Sargassum pallidum
(Sp), are not clearly differentiated in clinical use, so that herb pair Sf-GC and Sp-GC could show different effect and toxicity. Methods.
We investigated the antigoitrous effect and toxicity and clarified the potential underlying mechanism of the two different species of
Sargassum in HYD (HYDf and HYDp) in PTU-reduced goiter rats. Results. The results demonstrated that both HYDf and HYDp
could exhibit antigoitrous effect through alterations in hypothalamus-pituitary-thyroid (HPT) axis and inhibition of the TPO gene
expression; there is no difference in the antigoitrous effects between the two different species of Sargassum application in HYD.
Conclusion. This study evaluated the safety and efficacy of herb pair HZ-GC applied in HYD in goiter rats at molecular, cellular,
and whole level and compared the two species of Sargassum further. We provide a reliable way to clarify the possible mechanism
of the antagonistic medicament herb pair HZ-GC for its application.

1. Introduction

Goiter, an enlargement of the thyroid gland, is a common
problem in clinical practice [1]. It can be associated with
a number of thyroid diseases such as thyroid dysfunction
(hyperthyroidism and hypothyroidism), autoimmune thy-
roid disease (Graves’ disease and Hashimoto’s thyroiditis) [2,
3], thyroiditis, and thyroid cancer [4, 5]. Regardless of varies
clinical manifestation, the etiology of goiter is essentially the
same: the thyroid attempting to adapt to circumstances of
changes in the thyroid’s ability to secrete adequate amounts
of hormones [1], of which hypothyroidism is the most com-
mon in recent decade [6]. Hypothyroidism, abnormalities in
thyroid hormone synthesis or thyroid dyshormonogenesis,
is a common endocrine disorder [7] involved with multiple
organs. The single most common cause of hypothyroidism
worldwide was undoubtedly iodine deficiency. Where it is not
a problem, the most common causes are chronic autoimmune
thyroiditis and previous thyroid surgery or “'I therapy.

Its clinical characteristics are complex. Internationally, con-
ventional drugs, such as potassium iodide and levothyroxine,
are recommended for patients with hypothyroidism. How-
ever, their respective curative effects remain controversial [8].

According to traditional Chinese medicine (TCM) the-
ory, goiter is mainly due to “Qi” stagnation and “phlegm”
stasis [9]. Haizao Yuhu Decoction (HYD), which is described
in a famous TCM monograph Waike Zhengzong (Summary
of Surgical Medicine) in Ming Dynasty of China, has been
used for approximately 500 years and famous for its efficacy
in treating thyroid-related diseases especially goiter based on
the clinical study [10]. It is worthwhile to mention that there is
a herb pair Sargassum (Haizao, HZ) and Glycyrrhizae Radix
et Rhizoma (Gancao, GC), one of the so-called “eighteen
antagonistic medicaments” in TCM documents, indicating
that the two herbs should not be applied simultaneously,
whereas the herb pair HZ-GC has been widely used in HYD
for the treatment of thyroid dysfunction, galactophorous
hyperplasia, and ovarian cyst [11]. In recent decades, some
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TaBLE 1: Compositions of HYD.

HYDf/HYDp IGR BT FNCRH B R EREETH

Latin name Chinese name Source Daily adult dose (g)

Glycyrrhiza uralensis Fisch. EHE Root and rhizome 24

Sargassum fusiforme (Harv.) Setch. i’l‘ﬁi Frond 24

/Sargassum pallidum (Turn.) C.Ag. [EET

Pinellia ternata (Thunb.) Breit. B E Tuber 9

Fritillaria thunbergii Miq. IS Bulb 9

Laminaria japonica Aresch. B Thallus 9

Forsythia suspensa (Thunb.) Vahl. T Fruit 9

Ligusticum chuanxiong Hort. JI|E Rhizome 9

Angelica pubescens Maxim. f. biserrata Shan et Yuan ThiE Root 9

Laminaria japonica Aresch./Ecklonia kurome Okam. B Thallus 9

Citrus reticulata Blanco FE Fruitlet 9

Citrus reticulata Blanco 55 Pericarp 9

Angelica sinensis (Oliv.) Diels. EYE| Root 9

literature research, clinical study, and animal experiment
have been carried out to evaluate the efficacy and safety of
the combination [12, 13]. However, their respective curative
effects and mechanisms remain controversial and there is
limited scientific evidence to establish the safety and efficacy
of these herbal products.

Additionally, Sargassum fusiforme (Yangqicai, Sf) and
Sargassum pallidum (Haihaozi, Sp) are two different species
of Sargassum officially recorded in the Chinese Pharma-
copoeia but not clearly differentiated in clinical use. The phar-
macological effects of them have been extensively studied
[14], but there are few comparative studies between them.

What roles do these two different species of Sargassum
play in the herb pair HZ-GC, and whether the different
species are related to impact effects of HYD? Accordingly,
we proposed the present study to systematically evaluate
antigoitrous effect and toxicity and to clarify the underlying
mechanism of the two different species of Sargassum in HYD
in PTU-reduced goiter rats at molecular, cellular, and whole
level.

2. Materials and Methods

2.1. Preparation of Haizao Yuhu Decoction. HYD is a decoc-
tion of 12 Chinese herbs as listed in Table 1.

As there are two species of Sargassum, Haizao Yuhu
Decoction with the species of Sargassum fusiforme (HYDf)
and Haizao Yuhu Decoction with the species of Sargassum
pallidum (HYDp) were prepared separately. The rat equiva-
lent doses were selected based on the clinical adult dosage
provided by the Chinese Pharmacopoeia and calculated
according to the ratio of body-surface area between human
and rat.

All herbs used in the study were purchased from Beijing
Shuanggiao Co., Ltd. (Beijing, China) and Anhui Tongling
Co., Ltd. (Tongling, China) and authenticated in accordance
with the standard of the Chinese Pharmacopoeia by Professor
Li (School of Basic Medical Science, Beijing University of

Chinese Medicine). The mixtures were soaked in distilled
water in a ratio of 1/10 (g/ml) for 2h and then subsequently
boiled for a further 60 min. After saving the supernatant
collected by filtering, the residue was added with a ratio
of 1/8 (g/ml) distilled water and boiled again for a further
30 min. Finally, the two portions of aqueous extracts were
pooled together and concentrated to a density of 1.0 g/ml
crude herb by means of heating evaporation.

2.2. Experimental Reagents. Propylthiouracil (PTU) was pur-
chased from Zhaohui Pharmaceutical Technology Corpo-
ration (Shanghai, China); Euthyrox was purchased from
MerkKGaA (Darmstadt, Germany).

2.3. Preparation of Goiter Model and Grouping. 50 Male and
female Wistar rats (180-220 g) were purchased from Charles
River Laboratories, Beijing, China (Certificate of Confor-
mity: SCXK (Beijing) 2012-0001). The animals had free
access to drinking water and regular chow with a standard
commercial rat feed every day and were housed in a room
under controlled conditions (temperature 22 + 2°C, humidity
50 + 10%, and light illumination 12 h/d) (Certificate of Con-
formity: SCXK (Beijing) 2011-0024). Experimental protocols
were approved by the Experimental Animal Care and Ethics
Committees of Beijing University of Chinese Medicine.

After 3 days of acclimatization, the rats were randomly
divided into 5 groups: normal, model, Euthyrox, HYDf, and
HYDp groups; all rats except those in the normal control
group received intragastric administration of PTU at a dosage
of 0.01g/kg daily for 14 days to induce the goitrous model
according to previously reports [15] and were given different
treatments for 28 days, as shown in Table 2.

2.4. Sample Collection. After 28 days of treatment, diets
were removed from the cages 12h before the animals were
sacrificed. Blood samples were collected and centrifuged at
3000 xg for 12 min to obtain serum.
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TABLE 2: Experimental schema.

Groups Dose Treatment

Normal 10 ml/kg/d Rats received only normal feeds, distilled water, and gavage normal saline (1 ml/100 g body weight/day)
Model 0.01 g/kg/ml Rats received PT'U every two days, distilled water, and gavage distilled water (1 ml/100 g/day)
Euthyrox 0.01 g/kg/ml Rats received Euthyrox and distilled water

HYDf 12.06 g/kg/d Rats received HYDf (1ml/100 g/day)

HYDp 12.06 g/kg/d Rats received HYDp (1 ml/100 g/day)

Thyroid glands, liver, and kidney were isolated, weighed,
and stored at —80°C for pathological observation.

2.5. General Observations. Clinical signs and mortality were
recorded twice a day (before and after treatment) throughout
the study period. The body weight (BW) and rectal tempera-
ture of each rat were measured at the initiation of treatment
and once a week during the study period.

2.6. Thyroid Function Assessment, Relative Organ Weights
Assessment, and Biochemical Analysis. Absolute organ (thy-
roid gland, liver, and kidney) weights were measured and
relative organ weights (organ-to-body weight ratios, g/100 g
BW) were calculated.

The levels of serum free triiodothyronine (FT3), free
thyroxine (FT4), thyroid stimulating hormone (TSH), and
thyrotropin releasing hormone (TRH) were determined by
radioimmunoassay using commercially available kits (pur-
chased from Biosino. Inc., Beijing, China) according to
manufacturer’s instructions.

Serum alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), blood urea
nitrogen (BUN), creatinine (Cr), and uric acid (UA) were
determined to assess liver and kidney function using com-
mercially available kits (purchased from Biosino. Inc., Bei-
jing, China) according to manufacturer’s instructions.

2.7. Histopathology. After all animals had been sacrificed,
thyroid glands were removed and divided into two parts; one
was put in a buffer solution of 10% formalin and embedded
in paraffin. Six to ten 4 ym-thick sections were prepared in a
noncontiguous way and dyed with hematoxylin-eosin (H-E);
the stained areas were viewed using an optical microscope to
assess the pathologic alterations of thyroid tissues in different
groups and to evaluate the effects of the treatments.

Another one was immediately stored in liquid nitrogen at
—80°C for real-time reverse transcription-polymerase chain
reaction (RT-PCR) analysis.

2.8. RT-PCR Analysis. Thyroglobulin (Tg) mRNA and thy-
roid peroxidase (TPO) mRNA expression were determined
using RT-PCR. Total RNA was extracted from thyroid glands
using the Trizol reagent (Invitrogen, USA). RNA yields and
purity were assessed by spectrophotometric analysis (Spec-
tronic Unicam, USA). Total RNA (1 pg/ul) transcription was
performed using an in vitro transcription Kit (PrimeScript
RT reagent Kit Perfect Real Time, TaKaRa, Japan). RT-PCR
reactions were performed with 20 pl reactions that consisted

TaBLE 3: The primer sequences.

Sequence (5’ to 3) Length

TPO FW: CTCCACGGATGCACTATCAG 180 bp
RV: TTCTACCGA CGGAGGACAGA

Tg FW: GTGAACGCCTCTGTGACAGA 280 bp
RV: ACGAAACCTGAGGACCGTCT
FW: TTCACCACCATGGAGAAGGC

RV: ACTGTACGGCGGACCTCTTT

Primer

GAPDH 430 bp

of 10 yl 2x Taq PCR MasterMix (Solalbio, Beijing, China),
0.5ul PCR forward primer (10 uM), 0.5ul PCR reverse
primer (10 uM), 3 ul cDNA, 0.5 ul GAPDH forward primer,
0.5 ul GAPDH reverse primer, and 5 ul double-distilled water.
The PCR cycling conditions comprised a denaturation step
for 3min at 94°C, followed by 34 cycles of denaturation
(94°C for 30s), annealing (65°C for TPO, 62°C for Tg and
56°C for GAPDH for 30s), and extension (72°C for 1 min).
After the last cycle, all PCR products were subjected to a
final extension for 8 min at 72°C. The primer sequences were
shown in Table 3.

PCR products were combined and then electrophoresed
on 1.5% agarose gels containing ethidium bromide; data
analysis was carried out using Alpha Ease FC software
(Alpha Intech, USA). Values obtained for Tg and TPO were
normalized against values obtained for GAPDH, and the
results were expressed as relative integrated intensity.

2.9. Statistical Analysis. The data was analyzed using the
SPSS 21.0 software and expressed as the mean + standard
deviation (SD). Differences between groups were examined
for statistical significance using one-way analysis of variance
(ANOVA; SPSS 20.0 for Windows; SPSS Inc., USA). The
results were considered statistically significant when P <
0.05.

3. Results

3.1. Body Weight and Temperature Changes in PTU-Induced
Goiter Rats. Body weight of rats was increased in a time-
dependent manner (Figure 1(a)). PTU treatment for 14 days
resulted in marked decreases in body weight and rectal
temperature (Figure 1).

There were statistical increases of body weight in Euthy-
rox, HYDf, and HYDp treatment groups compared to the
model group after 28 days drug treatment (P < 0.05).
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FIGURE 1: (a) Mean body weight changes in PTU-induced goiter rats. (b) Temperature changes in PTU-induced goiter rats after 28-day drug
treatment. Data are presented as mean + SD, “P < 0.05 versus normal; *P < 0.05 versus model.

However, no difference was observed on body weight change
in HYDf and HYDp.

After drug treatment for 28 days, there were obvious
decreases of rectal temperature in the model, Euthyrox, and
HYDf treatment groups compared to the normal group (P <
0.05). The rectal temperature of HYDp treatment group was
statistically higher than that of HYDf treatment group (P <
0.05).

3.2. Comparison of Relative Thyroid Weights and Serum Levels
of FT3, FT4, TSH, and TRH. Relative thyroid weights of
model group were significantly increased (P < 0.01), its
serum FT4 levels were significantly lower than those of the
normal controls (P < 0.01), and serum TSH levels were
higher than those of the normal controls (P < 0.05), indi-
cating the successful production of PTU-induced hypothy-
roidism goiter model (Figure 2).

Euthyrox, HYDf, and HYDp showed a significant effect
on the PTU-induced goiter rats after 28-day treatment (Fig-
ure 2(a)). In addition, thyroid enlargement was suppressed
significantly in HYDf and HYDp treatment groups compared
to Euthyrox group (P < 0.01).

The reduced levels of FT4 in the serum of goiter rats
could be increased by Euthyrox, HYDf, and HYDp (P <
0.01; P < 0.05, Figure 2(c)). In addition, the elevated serum
levels of TSH and TRH in goiter rats were decreased by their
treatments (P < 0.05, Figures 2(d) and 2(e)).

3.3. Comparison of Some Liver/Renal Function Parameters.
Compared to the normal controls, relative liver/kidney
weights of model group were decreased (P < 0.05, Figure 3),
and its serum activities of AST and Cr were obvious higher
(P < 0.05); serum UA and Cr levels of Euthyrox treatment
group were higher (P < 0.01; P < 0.05); relative liver/kidney
weights of the HYDf treatment group were decreased (P <
0.05), and its serum UA and Cr levels were higher (P < 0.05).

The HYDp treatment group significantly improved the
relative renal weights as well as the activities of AST, ALP, and
Cr compared to the goiter model group (P < 0.01).

Besides, compared to the HYDf treatment group, the
HYDp treatment group significantly improved the relative
renal weights and the serum levels of AST, ALP, UA, and Cr
(P < 0.01).

3.4. Histological Observations of the Thyroid Gland in Different
Groups. Structurally, thyroid gland in PTU-induced goiter
model group showed a diffuse homogeneous pattern of
follicular epithelial cells hyperplasia with limited volumes of
stored colloid compared to normal control group (Figure 4).
Although the physiological parameters had returned to nor-
mal values, thyroid gland in the Euthyrox treatment group did
not return to a morphologically euthyroid state (Figure 4(c)),
which was consistent with the results of relative thyroid
weights assessment. In contrast, follicular cell hyperplasia
of the thyroid gland was obviously improved by HYDf and
HYDp treatment (Figures 4(d) and 4(e)); no remarkable
differences were found between the two groups.

3.5. Tg mRNA and TPO mRNA Levels of Different Groups.
RT-PCR analysis showed that the mRNA levels of Tg and
TPO expression in thyroid tissues of the goiter model group
were both higher than those in normal group (P < 0.05).
The administration of HYDf and HYDp could markedly
decrease TPO expression compared to model group (P <
0.05, Figure 5).

4. Discussion

Haizao Yuhu Decoction has been widely used to treat
thyroid-related diseases especially goiter with few side effects
in TCM. Although the mechanisms are not clear so far, it is
considered as a multistep process involving thyroid hormone
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FIGURE 2: Comparison of relative thyroid weights (a), serum levels of FT3 (b), FT4 (c), TSH (d), and TRH (e). (a) Thyroid enlargement
of goiter rats could be significantly suppressed by Euthyrox, HYDf, and HYDp treatment. HYDf and HYDp showed significant effect on
the PTU-induced goiter rats, which were better than that of positive control Euthyrox. (b) No difference was observed on serum levels of
FT3 change in different treatment groups. (c) The reduced serum levels of FT4 in goiter rats were increased in Euthyrox, HYDf, and HYDp
treatment groups. (d), (e) The elevated serum levels of TSH and TRH in goiter rats were decreased by their treatment. Data are represented
as the mean + SD, *P < 0.05 and ** P < 0.01 versus normal; * P < 0.05 and P < 0.01 versus model; “*P < 0.01 versus Euthyrox.

synthesis, antioxidative stress, and immunomodulatory effect
[14, 16]. Notably, herb pair HZ-GC, as one of “eighteen
antagonistic medicaments” which means that the two herbs
should not be used in the same prescriptions in order to
avoid mutually, has been demonstrated regulating targets
into the synthesis of thyroid hormone [16], indicating the
critical roles of this herb pair in HYD acting on goiter. The
two different species of Sargassum, Sf and Sp, were studied

for their pharmacological effects and acute toxicity [12]. The
results of this initial study clearly demonstrated that there
were marked differences in their chemical components and
acute toxicity.

Therefore, we speculated that the use of different species
of Sargassum in formula compound HYD (HYDfand HYDp)
could have different pharmacological effects, accordingly,
as for herb pair HZ-GC, the use of different species of
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FIGURE 4: Histology of thyroid gland (H-E staining 400x). (a) Normal control. (b) Goiter model. (c) Goiter rats treated with Euthyrox. (d)

Goiter rats treated with HYDf. (e) Goiter rats treated with HYDp.

Sargassum, herb pair Sf-GC, and herb pair Sp-GC could
show different efficacy and toxicity, which might relate to
the antagonistic medicament. To investigate whether the use
of different species of Sargassum is related to antagonistic
medicament, we proposed the present study to systemati-
cally evaluate antigoitrous effect (FT3, FT4, thyroid weight,
and histological changes) and toxicity (liver/renal function
parameters) and to clarify the potential underlying mecha-
nism (TSH, TRH, Tg mRNA, and TPO mRNA) of the two
different species of Sargassum in HYD (HYDf and HYDp) in
PTU-reduced goiter rats.

This study showed that PTU-induced marked decreases
in body weight and rectal temperature with rough hair, slow
response, and impaired liver function in goiter rats, with the
characteristic of thyroid enlargement and hypothyroidism.

Positive control Euthyrox treatment of 28 days altered the
disordered thyroid hormone of hypothyroidism but showed
no antigoitrous effects accompanied with impaired renal
function. In contrast, both HYDf and HYDp treatment
showed antigoitrous effects by inhibition of follicular cell
hyperplasia and altering the disordered thyroid hormone of
hypothyroidism. However, HYDf treatment displayed liver
and renal injury, whereas HYDp treatment could protect the
liver and renal function.

TSH and FT4 constitute most standard thyroid function
tests and play a central role in the process of diagnosis and
treatment of thyroid diseases such as hypothyroidism and
thyrotoxicosis [17]. The thyroid gland plays a crucial role,
through thyroid hormones (TH) synthesis, in the regula-
tion of various physiological processes, including growth,
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FIGURE 5: Tg mRNA (a, ¢) and TPO mRNA (b, d) levels of different groups. Data are presented as mean + SD. “P < 0.05 versus normal;

*P < 0.05 versus model.

development, and metabolic stability. The synthesis of TH is
regulated by hypothalamus-pituitary-thyroid (HPT) axis in
the negative feedback loop [18]. The HPT axis constitutes the
main pathogenesis of goiter, with TSH being the strongest
stimulatory factor for thyroid hyperplasia and proliferation in
thyroid development, growth, and function. TSH can induce
the expression and activate the critical genes involved in
thyroid hormone formation sodium iodide symporter (NIS),
Tg, and TPO [19-21]. The initial precursor of TH is Tg.
TPO catalyzes the coupling of these iodotyrosine residues
to form TH [22]. It was shown in the rat thyroid that Tg
stored in the follicular lumen was a potent regulator of
thyroid-specific gene expression to maintain the function of
individual follicles [23]. Variants in the Tg gene or TPO gene
have been linked to goiter, autoimmune thyroid diseases, and
thyroid cancer [24-29].

In PTU-reduced goiter rats, TH levels are reduced and
TRH levels are elevated. The TRH stimulates the pituitary
to produce TSH, which in turn stimulates the thyroid
gland to produce thyroid hormones [30] and induces the
expression of TPO and Tg gene, and eventually leads to
thyroid hyperplasia and proliferation. HYDf and HYDp
could exhibit antigoitrous effects by regulating TH levels
through alterations in HPT axis, reducing the evaluated TSH
level. TSH plays a central role in promoting thyroid cell
proliferation involved in the progress of thyroid growth [31].
The decreased TSH could inhibit the expression of TPO gene,
one of the causes of thyroid dyshormonogenesis leading to
hypothyroidism characterized by normal synthesis of TH and
aberrant protein expression as reported [32, 33].

The decrease in relative organ weights is an indication
of cell constriction [34] implying that PTU and HYDf could
cause cellular constriction in both liver and kidney, whereas
HYDp could not produce any effect on relative liver/kidney
weights investigated.

The transaminases (AST and ALT) are well-known
enzymes used as biomarkers to predict possible toxicity to
the liver [35]. The elevation of AST as observed in the model
control suggested possible hepatic injury. Administration of
HYDp lowered the elevated activities of AST comparable to
the model control and indicated the liver protection effect of
HYDp. Renal function indices such as serum urea, creatinine,
and uric acid can be employed to assess the toxic effects of
chemicals on the kidney [36]. The elevations of the indices as
observed in the model, Euthyrox, and HYDf treatment rats
suggested possible renal injury; HYDp showed the nontoxic
and kidney protection effect.

In summary, this study demonstrated that both HYDf and
HYDp could exhibit antigoitrous effect through alterations in
HPT axis and inhibition of the TPO gene expression; there
was no difference in the antigoitrous effects between the two
different species of Sargassum application in HYD. HYDp
showed the nontoxic and liver/kidney protection effect, but
HYDf could cause cellular constriction in both liver and
kidney. The reason is unclear and further analysis is needed
to clarify.

There are few published reports of experimental studies
of antagonistic medicament herb pair HZ-GC; this study
has evaluated the safety and efficacy of its application in
HYD in goiter rats at the molecular, cellular, and whole
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level and compared the two species of Sargassum further.
We provide a reliable way to clarify the possible mechanism
of the antagonistic medicament herb pair HZ-GC for its
application. The research on the potential mechanism is
underway in our laboratory and will be reported shortly.
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Endometriosis is a common gynecological condition in childbearing age women and its therapy in modern medicine achieves
usually temporary cure. Ping-Chong-Jiang-Ni formula (PCJNF), a Chinese herbal medicine (CHM), was shown to be clinically
effective on endometriosis. Meanwhile, c-Jun N-terminal kinase (JNK) signaling pathway was involved in the therapeutic process
of CHM on endometriosis. Here, we explored the effect of PCJNF on the ectopic endometrial stromal cells (EESCs) from
endometriosis and test whether JNK signaling was involved. After being treated with PCJNF-containing serum obtained from
Sprague Dawley rat, cell proliferation, migration, invasion, and apoptosis were evaluated in EESCs, and the total and phosphorylated
JNK, ERK, and p38 proteins were detected. Our results showed that PCJNF could suppress cell proliferation, migration, and
invasion and induce apoptosis in EESCs. The suppressed proliferation and increased apoptosis were dependent on JNK activation.
Additionally, PCJNF caused cell cycle arrest at G2/M phase and this effect was mediated by JNK signaling, while the decreased cell
migration and invasion treated by PCJNF were independent of JNK signaling. In summary, our results provided the first evidence
that PCJNF could suppress cell proliferation, migration, and invasion, while increasing apoptosis in EESCs, and the suppressed
proliferation and enhanced apoptosis were mediated by JNK signaling.

1. Introduction

Endometriosis is a common benign disorder characterized
by the ectopic growth of endometrium, affecting approxi-
mately 15% of women of reproductive age, causing chronic
pelvic pain, dysmenorrheal, irregular menstrual cycle, and
infertility [1]. The common therapy strategies for this disorder
are involved in hormone therapy and surgical removal of
endometriotic lesions, depending mainly on the patients’
symptoms and desire of future fertility [2, 3]. However, these

therapeutic strategies could only achieve a temporary cure; it
is thus urgent to search for novel alternative therapy for this
disease.

Endometriosis exhibits several features such as aberrant
growth and metastasis; the development of this disorder
includes a course of cell proliferation, apoptosis, invasion,
and migration [4, 5]. Among which, the disrupted bal-
ance between cell proliferation and apoptosis are crucial
for the development of endometriosis; furthermore, the
enhanced cell invasion and migration are also crucial for the
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development of this disorder [6, 7]. On the other hand, the
endometrial tissue contains mainly epithelial and stromal
components, among which, stroma supports and provides
a regulatory role for the development and differentiation
of the overlying epithelium. Furthermore, increasing studies
have also suggested that endometrial stromal cells (ESCs)
play essential roles in the initiation and development of
endometriosis [7, 8]. For example, the stromal cells, rather
than the epithelia cells, can be affected by the estradiol
and progesterone, suggesting a crucial role of stromal cells
played in the endometrial functions [7, 8]. It thus attracted
increasing attention to explore the possible therapeutic effect
of alternative therapy via targeting ESCs of endometriosis.

Accumulated evidences have shown that CHM possessed
good therapeutic effects on multiple human diseases [9-11].
Also, multiple Chinese formulas have been used to treat
endometriosis [1, 12-15]. Among which, PCJNE a Chinese
herbal formula, composed of eight herbs including Ramulus
Cinnamomi, Sanguis Draconis, Faeces Trogopterori, Pollen
Typhae, Chinese Eaglewood, Whitmania pigra Whitman, Liri-
ope spicata, and Glycyrrhiza uralensis Fisch, had been shown
to have good therapeutic effect on endometriosis in our
multicentered clinical trial research [16], where we enrolled a
total of 113 women with moderate/severe endometriosis and
gave them PCJNF each day, continuous for 3 months without
intervals; our results showed that the ratio of dysmenorrheal
relief in these women was 93.81% (106/113), and the serum
levels of cancer antigen 125 (CA125) and prolactin (PRL)
decreased significantly after the administration.

The JNK signaling pathway can be activated by multiple
stress stimuli, including drug treatments and cellular stresses,
and involved in the adaptation to these stresses [17-20].
The molecular mechanisms of Traditional Chinese Medicine
(TCM) therapy in human diseases usually included activation
and deactivation of diverse signaling pathways [21-23], and
JNK signaling pathway was found to be frequently involved
in the process of TCM therapy in diverse diseases, including
endometriosis [2, 24]. In the present study, we attempt to
explore whether there is actual effect of PCJNF on EESCs
in endometriosis and whether JNK signaling pathway is
involved in the therapeutic process.

2. Materials and Methods

2.1. Animals and Ethics Statement. Forty healthy female SD
rats weighing 200+ 25 g were obtained from the Experimental
Animal Center of Jiangxi University of Traditional Chinese
Medicine. They were kept under specific pathogen-free con-
ditions and fed with a standard diet and given water ad
libitum, in accordance with the guidelines of the association
for Assessment and Accreditation of Laboratory Animal
Care, and all procedures were approved by the Animal Care
and Use Committee of Jiangxi University of Traditional
Chinese Medicine.

2.2. Preparation of Physiological Saline Control and PCJNF-
Containing Serums. PCJNF was obtained from the Affili-
ated Hospital of Jiangxi University of Traditional Chinese
Medicine (Nanchang, Jiangxi, China). An extract of PCJNF
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was obtained by decocting the dried prescription of herbs
(15 g Ramulus Cinnamomi, 3 g Sanguis Draconis, 10 g Faeces
Trogopterori, 6 g Pollen Typhae, 6 g Chinese Eaglewood, 3 g
Whitmania pigra Whitman, 10g Liriope spicata, and 6g
Glycyrrhiza uralensis Fisch) in 12 volumes of water (v/w) for
30 minutes and extracted twice; the suspension was collected
by filtration and condensed to a concentration of 1.82 g/ml
solution and stored at 4°C for experimental use. The dose of
18.2 g/kg once per day was equal to that of clinical used.

After 5 days of acclimation, these female SD rats were
randomly divided into a PCJNF group (N = 20) and a
physiological saline control group (N = 20). Rats were
treated for 2 weeks: each rat in the PCJNF group was orally
given PCJNF extract at doses of 18.2g/kg twice per day
for 7 successive days, respectively. The physiological saline
control group received the equal volume of saline within the
same time. After 2 hours of the final administration, rats
were anesthetized with pentobarbital sodium and the blood
samples were collected through the abdominal aorta. The
serums were collected by centrifugation at 3,000 rpm for 10
minutes at 4°C. The serums were then isolated and subject to
a 0.22 ym Millipore filter, stored at —80°C until use.

2.3. Cell Isolation and Culture. Human ectopic endometrial
tissues during the luteal phase of the menstrual cycle were
obtained from endometriosis samples who received no hor-
mone treatment for >3 months, according to the guidelines of
the Declaration of Helsinki, after informed consent had been
obtained and with approval by the Institutional Review Board
from Jiangxi University of Traditional Chinese Medicine.
A total of 2 endometrial samples (35- and 42-year-old
women) undergoing surgical resection were recruited and the
ectopic endometrial tissues were minced into small pieces
and incubated with 1 mg/mL type IV collagenase dissolved in
complete culture medium for 2 hours at 37°C; the resultant
digest was filtrated and centrifuged at 2,000 rpm for 10
minutes; the obtained pellets were collected and grown in
complete culture medium, as described previously [5, 25]. The
isolated primary EESCs were cultured in DMEM/FI12 with
10% FBS, containing 100 IU/mL penicillin and 50 mg/mL
streptomycin. Cells were treated with DMSO, saline control
serum (NS), NS plus the selective JNK inhibitor SP600125
(300 uM, dissolved in DMSO), PCJNF serum (PCJNF), and
PCJNF plus JNK inhibitor SP600125 (300 M, dissolved in
DMSO) 48 h prior to the experiment, respectively.

2.4. Immunocytochemistry. Cells seeded on 6-well chamber
slides were firstly fixed with 4% paraformaldehyde; 0.75%
H,0, dissolved in methanol was used to block the endoge-
nous peroxidase activity for 15 minutes at room temperature.
Cell characterization of the isolated cells were evaluated by
using immunostaining of mouse anti-vimentin (sc-73258,
1:500) (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
and cytokeratin (sc-53264, 1:500) (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA). The purity of the isolated EESC
was assessed with light microscopy.

2.5. Immunoblot Analysis. Cells were lysed by NP-40
with protease inhibitors and phosphatase inhibitors; the
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proteins were separated via SDS-PAGE electrophoresis,
transferred onto nitrocellulose membranes, and then incu-
bated with primary and secondary antibodies, respectively.
Primary antibodies against JNK1/2/3 (YT2441) (1:1000) and
phospho-JNK1/2/3 (phospho Thrl83/Y185) (1:1000) were
obtained from ImmunoWay Biotechnology (Newark, DE,
USA). Primary antibodies against ERK (ab196883, 1:1000),
p-ERK (ab50011, 1:5000), p38 (ab27986, 1:1000), and p-p38
(ab45381, 1:5000) were purchased from Abcam (Abcam,
Cambridge, MA, United States). The JNK inhibitor SP600125
was obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). The immunoreactive bands were detected with an
enhanced chemiluminescence detection system from Pierce
(Thermo Fisher Scientific Inc., Rockford, IL, USA). Protein
band was analyzed with Quantity One software (Bio-Rad
Laboratories, Life Science Research, CA, USA). Protein
levels were normalized to that of the internal control -actin
purchased from Abcam (Cambrige, MA, USA) (ab8226,
1:1000).

2.6. Cell Proliferation Assays. The Cell Counting Kit-8
(CCK8) assay was used to assess cell proliferation according
to the manufacturer’s instructions (Dojindo Laboratories,
Tokyo, Japan). Briefly, 2 x 10° cells/well were seeded in 96-
well plates, and 10 uL of CCK8 reagent was added to each
well. After incubation of 3 hours, optical density (OD) value
was determined with a spectrophotometry at wave length of
450 nm. Each assay group was performed in triplicate.

2.7. Transwell Cell Migration and Invasion Assays. The tran-
swell assays were used to evaluate the migrative and invasive
capacities of EESCs. The transwell chambers with 8 um pores
were obtained from Corning (Corning, NY, USA). Aliquots
of 2 x 10° cells in serum-free DMEM (100 uL) were seeded
into the upper compartments of the 24-well plate; the lower
chambers were filled with DMEM containing 10% FBS. After
24 hours of incubation, the migrated cells were fixed with
methanol, stained with crystal violet, and counted under a
light microscope (Olympus IX71, Japan). An average of five
visual fields was examined. For the invasion assay, the upper
chamber was precoated with 60 uL Matrigel (1:8 dilution;
BD Bioscience San Jose, CA, USA) and performed the same
protocol as described above.

2.8. Cell Apoptosis Assay. Cell apoptosis was evaluated
using Annexin V-fluorescein isothiocyanate (FITC) Apopto-
sis Detection Kit (556547, BD Biosciences, Franklin Lakes,
NJ, USA) with flow cytometry (FCM). Briefly, cells were pre-
treated with JNK inhibitor (SP600125, 300 uM, dissolved in
DMSO) for 1 hour and then treated with PCJNF-containing
serums. After 24 hours, cells were stained with 5 uL FITC-
conjugated Annexin V and 5uL propidium iodide (PI) for
15 minutes in the dark. Cell apoptosis was analyzed by
Cytomics™ FC500 flow cytometer (Beckman Coulter, Miami,
FL, USA). A collection 0f10,000 events were analyzed in three
independent experiments.

2.9. Cell Cycle Analysis. EESCs were treated with PCJNF and
different controls for 48h in complete medium. The cells

were trypsinized into single cells and then fixed in 70% (v/v)
ethanol at 4°C overnight. After centrifugation, cells were
washed with cold PBS and stained with propidium iodide
(PI) according to the manufacturer’s protocol with minor
revision. After incubation for 30 min in a dark room, cell cycle
distribution was analyzed by flow cytometry (Beckman Coul-
ter, Miami, FL, USA) using MultiCycle software (Beckman
Coulter).

2.10. Statistical Analysis. All data were presented as mean +
SD. Statistical analysis was performed using SPSS version 18.0
(SPSS Inc., Chicago, IL, USA). Student’s t-test was used for
comparisons between the two groups, and one-way ANOVA
was used for multiple comparisons. P values < 0.05 were
considered statistically significant.

3. Results

3.1. Primary EESC Isolation and Characterization. The pri-
mary EESCs were stained positive with anti-vimentin, a spe-
cific marker of stromal cells [5, 26], while they were stained
negative with anti-cytokeratin by immunocytochemistry, a
specific molecular marker for epithelial cells (Figure 1). The
purity of isolated EESCs was >95% and cells between passages
4 to 12 were adopted in the current study.

3.2. PCJNF Suppressed Proliferation of EESCs through Acti-
vation of p-JNK. EESCs were exposed to culture medium
containing 5%, 10%, 20%, and 40% (v/v) concentrations
of PCJNF-containing serum, respectively, to determine the
potential suppressed effect and activation of JNK signaling
pathway. Our results showed that 20% and 40% of PCJNEF-
containing serum had the best suppressed effect on cell pro-
liferation, when compared with the untreated cells (CONT),
while cell proliferation decreased after 120 hours of PCJNE-
containing serum treatment in EESCs (Figure 2). Meanwhile,
the level of p-JNK treated with 20% and 40% PCJNF-
containing serum resulted in an obvious activation of JNK
pathway when compared with several lower concentration
(5% and 10%) and NS (Figure 3). We thus adopt 20% concen-
trations of PCJNF-containing serum in subsequent cellular
functional assays. Noted that, for 6-hour pretreatment with
the JNK inhibitor SP600125, it could significantly attenuate
cell proliferation suppression induced by PCJNF-containing
serum (Figure 4(a)) and resulted in the decrease of p-JNK
level (Figure 4(b)), suggesting that PCJNF-containing serum
suppressed cell proliferation of EESCs through activation of
p-JNK. Furthermore, the total and phosphorylated ERK and
p38 in PCJNF-treated EESCs were not affected markedly
when compared with that of different controls (Figure 4(c)).

3.3. PCJNF Induced Cell Apoptosis of EESCs through Activa-
tion of p-JNK. Cell apoptosis of EESCs induced by PCJNE-
containing serum was assessed by Annexin V-fluorescein
isothiocyanate (FITC) Apoptosis Detection Kit with FCM.
Our results showed that 20% PCJNF-containing serum sig-
nificantly increased cell apoptosis when compared with “NS”
group (P < 0.01) (Figures 5(a) and 5(b)). In addition, the
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(a) (®) O]

FIGURE 1: Morphological and molecular characterization of EESCs with inverted microscope and immunocytochemistry. The morphology of
primary EESCs isolated from ectopic endometria of samples with endometriosis (x100) (a). Vimentin (b) and cytokeratin (c) were positively

and negatively expressed in primary EESCs (x100), respectively.
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FIGURE 2: PCJNF suppressed cell proliferation in a concentration-
dependent manner in EESCs. EESCs were exposed to different
concentration of PCJNF-containing serum (5%, 10%, 20%, and 40%)
for 0, 24, 48, 72, 96, and 120 h, respectively. The cell viability was
assessed by CCK8 assay. Compared with the CONT group, PCJNF-
containing serum suppressed cell proliferation in a concentration-
dependent manner: 5% and 10% PCJNF-containing serum had low
or medium suppressive effects on cell proliferation, while 20% and
40% PCJNF-containing serum resulted in significantly suppressed
proliferation in EESCs. The experiment was performed in triplicate.
CONT: EESCs cultured with complete medium. Data are presented
as means + SD of three independent tests.

blockage of JNK signaling with SP600125 inhibitor could sig-
nificantly reverse cell apoptosis treated by PCJNF-containing
serum, suggesting that PCJNF induces cell apoptosis through
activation of p-JNK in EESCs (P < 0.01) (Figures 5(a) and
5(b)).

3.4. PCJNF Inhibited Migration and Invasion of EESCs Inde-
pendent of INK Signaling Pathway. We evaluated the migra-
tive and invasive effects of EESCs treated by 20% of PCJNF-
containing serums with transwell assays. PCJNF-containing
serums could significantly inhibit the migration (Figure 6(a))

(P < 0.01) and invasion (Figure 6(b)) (P < 0.01) of EESCs
relative to that of “NS” group. However, the JNK inhib-
itor SP600125 did not attenuate the apoptotic level of EESCs
treated with PCJNF-containing serums (P < 0.05). These
results showed that PCJNF could inhibit migration and
invasion of EESCs, while these effects were independent of
JNK signaling pathway.

3.5. EESCs Underwent Increased G2/M Phase Arrest after
PC]NF Treatment. To evaluate whether the inhibitory cell
proliferation effect of PCJNF will affect cell cycle distribu-
tion in EESCs, we applied FCM to analyze the cell cycle
distribution. At 48 h after PCJNF treatment, the percentage of
G2/M phase cells was significantly increased when compared
with the different controls; furthermore, the JNK inhibitor
SP600125 could attenuated the G2/M arrest (Figure 7). The
results suggest that treatment of PCJNF on EESCs could
increase G2/M phase arrest and this effect was mediated by
JNK pathway.

4. Discussion

TCMs and their ingredients have been regarded as the most
important therapeutic agents in China for more than 2,000
years. Based on the systematic intervention strategy, TCMs
are often used in a combined form which usually composed
of multiple chemical components from several herbs, which
usually could strengthen the therapeutic effects or minimize
the potential adverse effects of certain components [27-29].
For example, we have shown that PCJNF had good therapeu-
tic effects in endometriosis in our prior clinical study [16]. In
spite of the clinical observations, the underlying molecular
mechanisms remain unexplored. The present study char-
acterized the antiproliferation and proapoptotic properties
of PCJNF in EESCs in endometriosis; moreover, we also
wondered whether JNK signaling pathway was involved in
the therapeutic effect of PCJNF on endometriosis.

Previous study has shown that Ramulus Cinnamomi
might induce cell apoptosis in diabetic peripheral neuropathy
[30]. Similarly, we observed that PCJNF-containing Ramulus
Cinnamomi, the king herb of this formula, also increased
cell apoptosis in EESCs markedly when compared with that
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FIGURE 3: PCJNF induced the activation of JNK signaling pathway in EESCs. EESCs were exposed to different concentration of PCJNF-
containing serum (5%, 10%, 20%, and 40%). Representative Western blot of beta-actin, total JNK, and phospho-JNK was shown. Different
concentration of PCJNF-containing serum increased the expression of p-JNK but not the total JNK, indicating the activation of JNK signaling
pathway. Compared with CONT group, 5% and 10% PCJNF-containing serum had certain effect on the activation of JNK pathway, while
20% and 40% PCJNF-containing serum resulted in obvious activation of JNK pathway. The experiment was performed in triplicate. CONT:
complete medium.
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FIGURE 4: The suppressive effect of PCJNF-containing serum was mediated by JNK signaling pathway in EESCs. (a) EESCs were treated with
20% PCJNF-containing serum and different controls for 0, 24, 48, 72, and 96 h, respectively. The cell viability was assessed by CCK8 assay.
Compared with different control groups (CONT, DMSO, and NS), 20% PCJNF-containing serum had significant suppressed effect on cell
viability after 24 h, while the JNK inhibitor SP600125 attenuated this effect only after 48 h. The experiment was performed in triplicate. (b)
Meanwhile, JNK inhibitor SP600125 deactivates the JNK signaling pathway in EESCs, when compared with different controls (CONT, DMSO,
and NS). While there was no significant difference of cell proliferation in EESCs between the “NS” and “NS + SP600125” group (P > 0.05).
(c) The total and phosphorylated ERK and p38 of EESCs did not change markedly, when compared with different controls. The experiment
was performed in triplicate. NS: rat serum from saline treatment; PCJNF: rat serum with PCJNF treatment.
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F1GURE 5: PCJNF induced cell apoptosis and this effect was dependent on the activation of JNK signaling pathway in EESCs. (a) Compared
with different control group (CONT, DMSO, and NS), the percentage of apoptotic cells treated with PCJNF-containing serum increased
significantly (P < 0.01), and JNK inhibitor SP600125 could significantly abrogate this effect (P < 0.01). There was no significant difference of
cell apoptosis between the “NS” and “NS + SP600125” group (P > 0.05). (b) Analysis of apoptosis rates using bar graphs. Cell apoptosis was
assessed by flow cytometry. Data are presented as means + SD of three independent tests.

treated with control saline serum. Furthermore, this effect
was dependent on the activation of JNK signaling pathway,
which was usually involved in cell apoptosis induction under
diverse stimulus. It should be noted that Ramulus Cinnamomi
did not affect cell apoptosis in human non-small-cell lung
carcinoma cell line A549 [31]; we speculated that this differ-
ential effect of Ramulus Cinnamomi on cell apoptosis might
be cell line-specific; alternatively, the differential components
between these formulas could be responsible for this discrep-
ancy.

Previous study has shown that Ramulus Cinnamomi
could inhibit cell proliferation in A549 lung carcinoma cell
line, via inducing cell cycle arrest in GI and G2 phases [32].
Similarly, we here showed that PCJNF inhibited significantly
cell proliferation of EESCs relative to that treated with saline
control serum. Here, we further showed that the suppression
of cell proliferation treated with PCJNF in EESCs was JNK
signaling-dependent, which showed that blockage of JNK
signal could attenuate the inhibitor of cell proliferation.

Furthermore, our FCM analysis results showed that PCJNF
could cause significant cell cycle arrest in G2/M phase in
EESCs when compared with different control groups, and
JNK inhibitor SP600125 could attenuate this arrest.
Clinically, endometrial tissues might metastasize both
locally and distantly and thus inhibit endometriotic cell
invasion and migration might be crucial for the management
of endometriosis [32-34]. Here we showed that PCJNF could
effectively inhibit the migration and invasion of EESCs in
vitro, suggesting that this Chinese herbal formula could be
a potential alternative option for the treatment of patients
with endometriosis. Furthermore, the effect of inhibitory
invasion and migration effects of PCJNF on EESCs did not
activate the JNK signaling pathway, implicating that some
other signaling, rather than JNK signaling, was involved in
the inhibitory process. It should be noted that prior studies
have shown that JNK signaling pathway was involved in the
process of cell invasion and migration in human disorders: it
was either activated or inhibited in different cancers and/or
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FIGURE 6: PCJNF decreased cell migration and invasion, while this effect was independent of the activation of JNK signaling pathway in
EESCs. EESCs were exposed to different control groups (CONT, DMSO, and NS) and 20% PCJNF-containing serum, respectively. Compared
with different control group (CONT, DMSO, and NS), 20% PCJNF-containing serum inhibited significantly the cell migration (P < 0.01) (a)
and invasion (P < 0.01) (b) capacities in EESCs, respectively. Furthermore, JNK inhibitor SP600125 attenuated these effects obviously. Data
are presented as means * SD of three independent tests. ## and # * mean that the p values are less than 0.01 and the statistical differences are
significant.
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F1GURE 7: Effect of PCJNF on cell cycle distribution in EESCs. Cell cycle distribution was determined by flow cytometry. (a) PI staining assay
was performed after treatment with PCJNE PCJNF plus SP600125, and different controls, after treatment for 48 h. (b) Statistical analysis of
cell cycle phase distribution. Data are presented as means + SD of three independent tests.

under different extra- and intracellular stimuli [35-38]. Even
though in the process of TCM therapy of human diseases,
the activation or inhibition of JNK signaling pathway was
inconsistent: it was activated in the decreased migration

and invasion in HepG2 cells treated by the Chinese herbal
formula QHF [39], while being inhibited in the inhibitory cell
migration and invasion of MDA-MB-231 cells treated with the
Chinese herbal formula PC-SPESII [40]; it thus seemed that
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the potential roles of JNK signaling pathway in cell migration
and invasion were more complex than previously thought.

5. Conclusions

We showed that PCJNF could promote apoptosis and sup-
press proliferation of EESCs, at least partly, via activation
of JNK signaling pathway for the first time. In addition,
PCJNF could also effectively suppress cell invasion and
migration in vitro, while this effect was independent of
JNK signaling pathway. These results provide experimental
evidences supporting the rationality of use of PCJNF in the
administration of endometriosis.
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Objective. To investigate the phytoestrogenic and phytoandrogenic activities of compounds isolated from CS and uncover the role of
CS in prevention of oestrogen/androgen-induced BPH. Methods. Cells were treated with CS compounds, and immunofluorescence
assay was performed to detect the nuclear translocation of ERx or AR in MCF-7 or LNCaP cells; luciferase reporter assay was
performed to detect ERs or AR transcriptional activity in HeLa or AD293 cells; MTT assay was performed to detect the cell
proliferation of MCF-7 or LNCaP cells. Oestrogen/androgen-induced BPH model was established in rat and the anti-BPH, anti-
estrogenic, and anti-androgenic activities of CS in vivo were further investigated. Results. The nuclear translocation of ER«x was
stimulated by nine CS compounds, three of which also stimulated AR translocation. The transcriptional activities of ERo and ERf3
were induced by five compounds, within which only ECG induced AR transcriptional activity as well. Besides, ECG stimulated
the proliferation of both MCF-7 cells and LNCaP cells. CS extract suppressed oestrogen/androgen-induced BPH progress in vivo
by downregulation of E2 and T level in serum and alteration of the expressions of ER«, ERf, and AR in the prostate. Conclusion.
Our data demonstrates that compounds from CS exhibit phytoestrogenic and phytoandrogenic activities, which may contribute to
inhibiting the oestrogen/androgen-induced BPH development.

1. Introduction

Cynomorium songaricum (CS) is a traditional Chinese
medicine (TCM) that has been practically used for treat-
ment of hormone deficient diseases, including sexual dys-
function, infertility, deficient kidney function, and prostatic
diseases for hundreds of years [1-3]. A variety of compounds
isolated from CS have been identified and classified as
pentacyclic triterpene, flavonoid, flavonoid glycoside, and
anthraquinones (Figure 1) [4, 5]. However, the mechanism
by which CS and its compounds regulate estrogen and/or
androgen signaling remains unclear.

It has been reported that natural compounds may
exhibit phytoestrogenic activity through multiways such as
induction of estrogen receptor (ER) nuclear translocation,
stimulation of ER transcriptional activity, and promotion
of estrogen-dependent cell proliferation, thereby behaving
like estradiol [6, 7]. Phytoestrogens participate in estrogen-
related signaling as either ER antagonists or agonists and thus
are called selective estrogen receptor modulators (SERMs). It
has been reported that phytoestrogens have protective effects
against breast cancer, prostate cancer, and cardiovascular
diseases [8]. Comparison to that of phytoestrogens identifi-
cation of phytoandrogenic activity from natural compounds
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FIGURE 1: Chemical structures of compounds isolated from Cynomorium songaricum (CS).

is arising recently [9]. Concerning the potential treatment for
androgen-regulated diseases like benign prostatic hyperpla-
sia and prostate cancer, several natural compounds have been
recognized as agonists or antagonists against androgens [10-
15], and display the tissue-selective activation of androgenic
signaling [16], which are so called selective androgen receptor
modulators (SARMs) by competitively binding to androgen
receptor (AR).

Benign prostatic hyperplasia (BPH) is an age-related
common disease in older men [17], in which both androgen
and estrogen signaling [18, 19] are involved via their specific
receptors. Studies from different groups have showed that
ER« (one subtype of ER) and AR are overexpressed in BPH
tissues and knocking down either of them significantly blocks

BPH progression in vivo [20, 21], indicating their positive
roles for BPH development [22, 23]. On the other hand, ERf
(the other subtype of ER) exhibits antiproliferation activity
that suppresses BPH development as a negative factor in the
prostate [24]. Therefore, downregulation of ERx and AR or
upregulation of ERf3 could become effective ways and hopeful
targets that contribute to BPH therapeutics.

CS is an important anti-BPH herbal medicine in China
[25], while the mechanism is still uncovered well. Here
we first analyzed the phytoestrogenic and phytoandro-
genic activities of compounds isolated from CS and then
investigated whether the anti-BPH effect of CS in oestra-
diol/testosterone (1:100)-induced BPH was due to interfer-
ence with androgen and/or estrogen signaling.
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2. Materials and Methods

2.1. Extract and Compounds. Cynomorium songaricum extract
was prepared by desiccation after reflux with 70% ethanol.
Ferulic acid (FA), cynaroside (Cyn), ursolic acid (UA),
gallic acid (Gal), protocatechualdehyde (Pal), protocatechuic
acid (Pac), luteolin (Lut), rutin (Rut), epicatechin gallate
(ECG), naringenin-4-O-b-D-glucopyranoside (Nar), phlo-
rizin (Phl), chrysophanol (Chr), emodin (Emo), physcion
(Phy), catechin (Cat) were isolated from the extract as pre-
viously described [26]. Chemical structures of compounds
were shown in Figure 1.

2.2. Reagents and Plasmids. Dihydrotestosterone (DHT) was
purchased from Solarbio (Beijing China). 173-estradiol (E2)
and Tamoxifen (Tam) were obtained from Sigma-Aldrich.
Lipofectamine® 2000 Transfection Reagent was from life
technologies (USA). Hoechst 33342 was purchased from Cell
Signaling Technology (USA). RPMI 1640 was purchased
from Sigma (USA). Fetal Bovine Serum was from Hyclone
(New Zealand). Charcoal stripped FBS was from Biological
Industries (USA). Dual-Luciferase® Reporter Assay was from
Promega (USA).

Mammalian ERa, ERf, and AR expression vectors and
the estrogen response element (ERE) and the androgen
response element luciferase reporter plasmids pTk-ERE-luc
and pTk-ARE-luc were gifts from Dr. ZhuYan (Tufts Medical
Center, Boston, USA) and Dr. J. Zhang (Nankai University,
Tianjin, China) separately. pTk-Renilla was purchased from
Promega.

2.3. Cell Culture. MCF-7 cells were obtained from professor
Zhang (Peking University, Beijing). Hela cells were purchased
from Institute of Biochemistry and Cell Biology (Shanghai,
China). MCF-7 cells and HeLa cells were maintained in
DMEM supplemented with 10%, 100 units/mL penicillin,
and 100 pg/uL streptomycin. LNCaP and AD293 cells were
obtained from professor Zhang Ju (Nankai University, Tian-
jin) and maintained in RPMI 1640 supplemented with
10% (v/v) fetal bovine serum (FBS) (HyClone, New Zealand),
100 units/mL penicillin, and 100 ug/uL streptomycin. In
experiments requiring androgen or estrogen or compound
stimulation, cells were cultured in phenol red-free medium
supplemented with 10% charcoal stripped FBS.

2.4. Immunocytofluorescence Imaging. MCF-7 cells were
plated into 96-well plates and cultured in phenol red-free
DMEM plus 1% charcoal-treated FBS. After culture for
24h, cells were treated with Tam (100 nM) or compounds
(100 nM) for 6 h. And then cells were fixed, permeabilized,
and incubated with an ERa-antibody (SC-8002, Santa Cruz,
dilution 1/200), and Alexa Fluor® 488 anti-mouse antibody
[27]. LNCaP cells were cultured on poly-D-lysine-coated
cover wells in phenol red-free RPMI 1640 plus 1% cs-FBS
overnight and treated with compounds for 1h. DHT was
added to a final concentration of 10 nM. After 1h, cells were
fixed, permeabilized, and incubated with an anti-AR antibody
(ab3510, Abcam, dilution 1/1000) and an Alexa Fluor 488
donkey anti-rabbit IgG (H+L) antibody [28, 29]. Nuclei were

3
TABLE 1: The experimental treatments on each group.
Group E2/T (in coin oil, s.c.) Drugs
Sham-operated 0.1 mL coin oil Normal saline
BPH Model 0.1mLE2/T Normal saline
CS extract treatment 0.1mLE2/T CS extract (6 g/kg/d)

counterstained with Hoechst 33342. Images were captured
at 20x magnification using a PerkinElmer High content
screening system.

2.5. Transient Transfection and Luciferase Reporter Assay.
Hela cells were seeded in 24-well plates at a density to
become 70-90% confluent when they are attached. Transient
transfection was performed by using the Lipofectamine and
plus reagents following the manufacturer’s instructions. Cells
were cotransfected either with 0.2 ug ERa plasmid, 0.4 ug
pERE-luc, and 0.2 ug pTk-Renilla or 0.2 ug ERf plasmid,
0.4 ug pERE-luc, and 0.2 ug pTk-Renilla per well. After
incubating for 6 h, cells were treated with compounds. AD293
cells were plated in 96-well plates in growth medium of
1% CD-FBS without antibiotics at a density to reach 90%
to 95% confluence at transfection. After attachment and
growth for 24 h, the cells were cotransfected with the reporter
plasmid pTk-ARE-Luc and AR. Transfection was carried
out for 18 h in serum-free, antibiotic-free RPMI 1640 media
using Lipofectamine. Luciferase activity was then assayed
after additional 24 h incubation by using the Luciferase Assay
System (Promega). The Renilla luciferase activity was used to
normalize that of firefly luciferase.

2.6. MTT Assay. Cell proliferation was studied by using MTT
assay. Cells were seeded (MCE-7 cells, 10*/well in 24-well
plates; LNCaP cells, 8000/well in 96 wells plate) and, after
attachment, cells were treated with various concentrations of
compounds in DMSO for 72 h. OD570 values of compounds
were detected using a TECAN Infinite® 200 PRO NanoQuant
multimode microplate reader.

2.7. Animals and Hormonal Manipulations. A total number
of 18 Wistar male rats (250-300 g) were obtained from Beijing
Vital River Laboratory Animal Technology Co., Ltd. in China.
The experiments and animal care were conducted in accor-
dance with the guidelines of the Chinese Council on Animal
Care and approved by the Tianjin University of Traditional
Chinese Medicine Animal Care and Use Committee.

BPH rat model was conducted as the previous method
[30]. In brief, 6 rats were randomly separated into a sham-
operated group, and the other 12 rats were castrated and
randomly assigned to two experimental groups with 6 rats per
group. All rats were maintained in an animal facility under
standard laboratory conditions for 3 weeks. The specific
experimental treatments on each group were listed in Table 1.
The ratio of oestradiol benzoate and testosterone propionate
was 1:100 (E/T =10 pg/1000 ug) [30, 31], subcutaneous daily
injection of the mixed solutions to the castrated 12 rats. As
vehicle, the sham-operated rats were daily subcutaneously
injected with 0.1 mL of corn oil. CS extract was orally given
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TABLE 2: List of primer sequences.

Primer name

Primer sequence (5'-3")

Annealing temperature

PCNA Forward GAGCAACTTGGAATCCCAGAACAGG 60°C
PCNA Reverse CCAAGCTCCCCACTCGCAGAAAACT

AR Forward GCCGGACATGACAACAACCAGCC 60°C
AR Reverse AGTGAAGGACCGCCAACCCATGG

ERa Forward GGTCATAACGATTACATGTG 60°C
ER« Reverse TCTGTCCAAGACCAAGTTAG

ERp Forward GAGGCAGAAAGTAGCCGGAA 53°C
ERp Reverse CGTGAGAAAGAAGCATCAGGA

GAPDH Forward ATGATTCTACCCACGGCAAG 53°C
GAPDH Reverse CTGGAAGATGGTGATGGGTT

for 45 days. Rats were under the chloral hydrate anesthesia
and weighed 24 h after the last injection. The whole prostates
were dissected and weighed for calculating the prostatic index
(PI). One ventral lobe of the prostate was fixed in phosphate-
buffered formalin and embedded in paraffin for histological
and immunohistochemical studies. And the other ventral
lobe was stored at —80°C for the protein and RNA extraction.

2.8. Calculation of PI. The formula for calculating the pro-
static index (PI) was as follows [30]:

pp_ 8ross wet weight of prostate

= 100%.
body weight of the whole rat 8 ° M

2.9. Histological and Immunohistochemical Studies. Haema-
toxylin and eosin (H&E) staining and immunohistochemical
(IHC) staining were performed as previously described [30].
Briefly, 5 ym sections of one ventral lobe of the prostate were
deparaffinized in xylene and rehydrated in a graded series of
alcohol. One 5-pm section was stained with haematoxylin
and eosin (H&E) for histological examination. Another 5-
pm section was using the avidin-biotin-peroxidase complex
method to process immunohistochemistry. The endogenous
peroxidase activity was blocked with 0.3% hydrogen peroxide
at room temperature for 10 min, followed by incubation with
10% serum at 37°C for 1 hour. Sections were incubated with
primary antibody at 4°C overnight. The primary antibody
was anti-PCNA antibody (proliferating cell nuclear anti-
gen, 1/200, Pro-tech,). Then the sections were added the
biotinylated secondary antibody at 37°C for 1 hour, followed
by peroxidase-labelled streptavidin. The secondary antibody
was biotinylated goat anti-rabbit IgG (1/200, ZSGB-BIO).
Finally the sections were stained by the DAB (boster) and
hematoxylin, followed by dehydration and transparency in a
graded series of alcohol and dimethylbenzene.

2.10. Determination of Estradiol and Testosterone Level in
Serum. The blood samples of rats were centrifuged at
3,000 rpm for 10 min at room temperature. The supernatant
of the blood samples was collected and then stored at ultra-
low temperature freezer. The concentrations of estradiol and
testosterone in serum were determined by the enzyme-linked
immunosorbent assay [30].

2.11. Real-Time Quantitative PCR Analysis. Total RNA was
extracted from the frozen ventral lobe of the prostate tissue
using Trizol reagent (TTANGEN) according to the manufac-
turer’s protocol. Real-time quantitative PCR was carried out
with the PCR primers as Table 2. The conditions of Real-time
quantitative PCR included preheating at 95°C for 5 min, and
then followed by 39 cycles of 95°C for 30s, 55°C for 30 s, and
72°C for 30 s. The mRNA level of relative gene expression was
determined by the comparative CT method and normalized
to the housekeeping gene GAPDH.

2.12. Western Blot Assay. Protein was extracted from the
ventral lobe of prostate for each group, and the concentration
was determined according to the manufacturer’s instructions
(BCA Protein Assay Kit, Thermo Fisher). 40 ug proteins were
loaded into the SDS-PAGE. Following gel electrophoresis
(SDS-PAGE), gel was transferred onto PVDF membrane
(Millipore, Billerica, MA, USA) and incubated in TBST
buffer, supplemented with 5% milk as the blocking bufter for
1 h. Next the membrane was incubated with primary antibod-
ies under the 4°C rotating overnight. The primary antibodies
were PCNA (10205-Z-AP, Pro-tech, dilution 1/2000), AR
(ab3510, Abcam, dilution 1/500), ERa (SC-8002, Santa Cruz,
dilution 1/500), ERf (SC-8974, Santa Cruz, dilution 1/500),
and GAPDH (B0004-1-lg, Pro-tech, dilution 1/2000). The
PVDF membrane was washed five times with TBST and
then incubated with the appropriate secondary antibodies
conjugated to horseradish peroxidase and detected next by
Enhanced chemiluminescence.

2.13. Statistical Analysis. All results were presented as mean
+ standard deviation (SD). Statistical significance was deter-
mined with One-Way ANOVA. *P < 0.05, **P < 0.01, and
***P < 0.001 were considered statistically significant.

3. Results

3.1. Compounds of CS Extract Showed Phytoestrogenic Activity
In Vitro. In the absence of estrogen, ERa was distributed
throughout the cell. Following stimulation with Tam, the
nuclear staining of ER« was increased dramatically. Similarly,
when treating with compounds FA, Cyn, UA, Gal, Pal,
Pae, Lut, Rut, or ECG, ER« locations in the nucleus were
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FIGURE 2: Compounds from CS extract showed phytoestrogenic activity in vitro. (a) Visualization of intracellular ERa in MCF-7 cells (left) and
quantification of fluorescence intensity after treatment with compounds (right). (b), (c) ERx and ER transcriptional activity were activated
after treatment with compounds. (d) The proliferation of MCF-7 cells was induced after treatment with compounds. Compare with control,

*P < 0.05, "*P < 0.01,and *** P < 0.001.

also significantly increased in MCF-7 cells (Figure 2(a)),
indicating their possible phytoestrogenic activities. Further
investigation by dual-luciferase assay showed that ECG and
Nar upregulated ERa transcriptional activity at 107/ M and
107° M, while Phl, Chr, and Emo promoted ERe transcription
activity at 107 M (Figure 2(b)). These results suggest that
compounds of CS extract exhibit estrogenic like activity
by facilitating ERa translocation to nuclear and activated
ERa transcriptional activity. Since not only ERe, but also
ERB plays a role in estrogen-stimulated genomic effects,

we also detected the ERf transcriptional activities after
treatment with compounds. ECG and Nar upregulated ERf3
transcriptional activity at 10~ M and 107° M, and Phl, Chr,
Emo, and Phy promoted ER transcription activity at 10 M
(Figure 2(c)). Considering the selectivity of ERa and ERf3
and different affinities to ERa and ERf with different con-
centrations, we thought that compounds from CS exhibit
estrogenic activities depending on different conditions. To
further confirm the effect of compounds on estrogenic like
function, we did MTT assay. As shown in Figure 2(d), ECG,
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FIGURE 3: Compounds from CS extract showed phytoandrogenic activities in vitro. (a) Visualization of intracellular AR in LNCaP cells when
incubated with DHT or Lut. (b) Visualization of intracellular AR in LNCaP cells when incubated with DHT, Rut, or ECG. (c), (d) The relative
fluorescence intensity of AR in nuclear was quantified after treatment with Lut, Rut, or ECG. (e) AR transcriptional activity was activated
by ECG in AD293 cells. (f) The proliferation of LNCaP cells was induced by ECG. Compare with control, P < 0.05, **P < 0.01, and

***p < 0.001.

Nar, and Emo accelerated proliferation of MCF-7 cells as
estradiol did.

3.2. Compounds of CS Extract Showed Phytoandrogenic Activ-
ity In Vitro. We also investigated the phytoandrogenic activ-
ities of compounds from CS. In the absence of androgen, AR

was mainly distributed in the cytoplasm of LNCaP cells. After
1h stimulation with DHT, the nuclear staining of AR was
increased obviously. AR locations in the nucleus were also
highly increased in a dose-dependent manner when treated
with compounds Lut, Rut, and ECG (Figures 3(a), 3(b), 3(c),
and 3(d)), while FA, Cyn, UA, Gal, Pal, and Pac have no
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index of rats were shown and calculated in sham-operated group, BPH model, and CS groups. (c) The pathophysiology of rat prostate was
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of PCNA in prostate tissues were investigated and quantified by RT-qPCR, western blot, and immunohistochemical staining. Compare with
sham-operated group, *P < 0.05 " P <0.001; Compare with BPH model, **P < 0.01.

obvious effects (data not shown). We also found ECG induced
ARE luciferase activity and androgen-dependent LNCaP
proliferation in a dose-dependent manner as testosterone did
(Figures 3(e) and 3(f)), while Lut and Rut have no obvious
effects (data not shown).

3.3. CS Extract Inhibited the Estrogen-Androgen Induced-
BPH Progress In Vivo. Compared with those in the sham-
operated group, the sizes and weights of the prostate in
BPH model group were significantly increased, which was
further decreased by CS administration (Figures 4(a) and
4(b)). By pathological analysis, thickness of the periglandular

smooth muscle layer and the height of the luminal cells
were significantly increased in BPH model group, which was
decreased after CS administration (Figure 4(c)). The mRNA
and protein expressions and distribution of PCNA in the
prostate were also upregulated in the BPH model group
comparing with the sham-operated group, which were then
suppressed in CS group (Figures 4(d), 4(e), and 4(f)).

3.4. Effects of CS Extract on AR and ER. Since compounds
from CS have phytoestrogenic and phytoandrogenic activ-
ities, and estrogen and androgen play important roles in
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FIGURE 5: Effects of CS extract on AR and ER in vivo. (a), (b) The levels of estradiol (E2) and testosterone (T) in serum were detected by
ELISA in sham-operated group, BPH model, and CS groups. (c), (d) Gene expressions of ERf3 and AR in prostate of rats were tested by RT-
qPCR in sham-operated group, BPH model, and CS groups. (e) Protein expressions of ERa, ERf3, and AR were determined by western blot in
sham-operated group, BPH model, and CS groups. Compare with sham-operated group, “** P < 0.001; compare with BPH model, * P < 0.05,
**P < 0.01,and """ P < 0.001.

BPH development, we wondered whether the suppression  lower than those in BPH model group. ERa expression was
of BPH by CS is mediated by interfering with the estrogen = suppressed at protein level in CS extract treatment group.
and/or androgen signaling. As shown in Figures 5(a) and  Besides, ERf expressions were increased and AR expressions
5(b), E2 and T levels in serum CS group were significantly =~ were decreased in CS extract treatment group compared
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TABLE 3: Summary of results on cellular level.
Androgenic activity Estrogen activity
Number  Abb. AR AR LNCaP ERa ERa ERS ERf MCF7
N.T. T.A. Prol. N.T. T.A. N.T. T.A. Prol.
1) FA - - N.D. + N.D. N.D. N.D. N.D.
(2) Cyn - - N.D. + N.D. N.D. N.D. N.D.
3) UA - - N.D. + N.D. N.D. N.D. N.D.
(4) Gal - - N.D. + N.D. N.D. N.D. N.D.
(5) Pal - - N.D. + N.D. N.D. N.D. N.D.
(6) Pac - - N.D. + N.D. N.D. N.D. N.D.
) Lut + - N.D. + N.D. N.D. N.D. N.D.
(8) Rut + - N.D. + N.D. N.D. N.D. N.D.
9) ECG + + + + + N.D. +
(10) Nar N.D. N.D. N.D. N.D. + N.D. +
1) Phl N.D. N.D. N.D. N.D. + N.D. + -
12) Chr N.D. N.D. N.D. N.D. + N.D. + -
(13) Emo N.D. N.D. N.D. N.D. + N.D. + +
(14) Phy N.D. N.D. N.D. N.D. - N.D. + -
(15) Cat N.D. N.D. N.D. N.D. - N.D. - -
Note. “N.T.”: nuclear translocation, “T.A.”: transcriptional activity, “Prol.”: proliferation, “~”: negative, “+”: positive, and “N.D.”: has not been detected.

with BPH model group at levels of both mRNA and protein
(Figures 5(c), 5(d), and 5(e)).

4. Discussion

Phytoestrogens are a diverse group of natural compounds
that have the abilities to act as estrogenic or/and antie-
strogenic functions [32]. Studies have shown that lots of
traditional medicines produce compounds that may mimic
estrogenic effect and thus considered as typical phytoestro-
gens [7, 33, 34]. In our study, we first showed that several
compounds from CS have phytoestrogenic activities (Table 3)
by increasing ERa translocation to nucleus, inducing ERE
luciferase activity, and/or enhancing MCF-7 proliferation
(Figure 2), indicating that CS is such kind of traditional
medicines that may participate in the estrogen signaling
pathway and regulate the abnormal signaling involved in the
estrogen-induced diseases. Meanwhile, it is also worth noting
that compounds that were used in our distinct assays did
not overlap with each other. We found that all of the nine
detected compounds (FA, Cyn, UA, Gal, Pal, Pae, Lut, Rut,
and ECG) promoted ER« nuclear translocation (Figure 2(a))
in the concentration of 100 nM, whereas only two of seven
detected compounds (ECG and Nar) significantly induced
ER« transcriptional activities at 100 nM (Figure 2(b)), which
further confirmed their phytoestrogenic effects by prolifera-
tion of MCF-7 cells (Figure 2(d)). Our finding indicated that
ER translocation to nucleus is the necessary step induced
by compounds to mimic estradiol genomic effects, but it is
not sufficient. The competitive ability with estradiol by ER
recruitment and selective manner of the target genes involved
in certain biofunctions such as cell proliferation are also
worth noting. Therefore, we cannot exclude that compounds

with positive results from one assay may have different effects
or may behave negative readouts from other assays. ECG is
one of the important compounds from CS, and our results
first proved that ECG has strong and consistent results on the
phytoestrogenic activity (Figures 2(a), 2(b), 2(c), and 2(d)).
Previous study has reported that Lut has estrogenic activity
[35]. Here we also found that Lut promoted ER« nuclear
translocation. On the selectivity of ER subtypes, we did not
observe the specific ERa or ERf selectivity among seven
detected compounds (ECG, Nar, Phl, Chr, Emo, Phy, and Cat)
(Figures 2(b) and 2(c)).

Similar to phytoestrogens, the concept of phytoandro-
gen has also been recognized and valued [9]. Traditional
medicines that were reported for treatment of syndromes
including impotence, infertility, and erectile dysfunction in
clinically are a large class of phytoandrogen pool containing
hopeful candidates with androgenic activities, while the
related reports are still not too much [36]. CS is a well-
known and widely used traditional medicine applied to
reinforce yang in TCM. Here, we first demonstrated that
ECG, Lut, and Rut significantly induced AR translocation
to nuclear (Figures 3(a) and 3(b)), and ECG upregulated
AR transcriptional activities (Figure 3(e)) and stimulated
androgen-dependent LNCaP cell proliferation in a dose-
dependent manner (Figure 3(f)), providing evidence that CS
contains potential phytoandrogens (Table 3).

Combining the results of estrogenic and androgenic
activities, it is interesting and notable to find that ECG is
the only one with dual activities of estrogen and androgen
among all isolated compounds from CS (Table 3). Previously,
ECG has been reported as a naturally occurring polypheno-
lic compound with putative antioxidant, anti-inflammatory,
antibacterial, and antitumor activities [37-41]. Here, we
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first demonstrated its function involved in hormone related
signaling and regulation.

It has been well accepted that both estrogen and androgen
play key roles during BPH development [42]. Here, we used
estradiol and testosterone cooperatively induced rat BPH
model [30, 43, 44] to detect the inhibitory effect of CS in BPH
development. As we expected, the prostate volume, PI, and
PCNA expression in BPH group were dramatically increased
comparing with those in the sham-group, which were further
inhibited in CS group (Figures 4(a), 4(b), 4(d), 4(e), and
4(f)), providing evidence that CS is an efficient adminis-
tration for BPH treatment in accordance with the clinical
experience in China. Recently, two publications showed that
Lut and UA, two of the compounds isolated from CS, have
significant effects in inhibiting prostate-related diseases. Lut
inhibited cell proliferation and induced apoptosis in LNCaP
human prostate cancer cells by mediated AR downregulation
[45]. UA significantly decreased the prostate size, prostatic
hyperplasia, and DHT levels in the serum and prostate of
BPH rat, strongly suggesting it can be utilized as a useful
agent in BPH treatment [46]. However, concerning the phy-
toestrogenic or/and phytoandrogenic activities of different
compounds from CS, mainly compounds that are involved
in and contributed to anti-BPH effects of CS still need to be
studied in the future.

As we known, ERa, ERS, and AR are nuclear receptors
that mediate estrogen and androgen signaling. In prostatic
stromal cells, ERe and AR are highly expressed and the
increased levels of which are considered to contribute the
BPH progression [47, 48], while, in contrast, ER3 and AR are
highly expressed in prostatic epithelial cells; the upregulation
of AR and downregulation of ERf3 are related to BPH [49, 50].
In our study, we found the CS group significantly inhibited
ERa and AR and induced ERf, particularly in protein
levels. These data suggested that CS exhibits antiestrogen and
antiandrogen effects that finally inhibited BPH development.

Selective estrogen receptor modulators (SERMs) and
selective androgen receptor modulators (SARMs) are two
classes of drugs under development for a variety of diseases
due to their high specificity for ER or AR, selective anabolic
activity, lack of virilizing side effect, and ability to extend
estrogen or androgen therapy [51]. Due to their unique
abilities to selectively act as agonists or antagonists in a
target gene and in a tissue-specific fashion [52], SERMs and
SARMs are now being used as treatment for breast cancer,
osteoporosis, postmenopausal symptoms, prostate cancer,
and BPH [53-55]. We found that compounds from CS act
as agonists of estrogen and/or androgen in HeLa, MCF-7,
AD293, or LNCaP cells, while in vivo CS extract acted as
antagonists for anti-BPH, indicating the potential role of CS
and its active compounds as SERM or SARM.

Taken together, our findings demonstrated that CS
inhibits rat BPH via interfering with estrogenic and andro-
genic signaling, thereby offering the potent candidates from
CS as SERMs or SARMs for related diseases in the future.
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The number of patients with osteoporosis is increasing worldwide, and a decrease in bone mass is a main risk factor for fracture.
The prevention of bone loss is critical for improving the quality of life for patients. However, the long-term use of antiosteoporotic
agents is limited due to their side effects. Barley has been traditionally ingested for thousands of years as a safe, natural food with
pharmaceutical properties, and its seedling can enhance the biological activity of the medicinal components found in food. This
study aimed to clarify the antiresorptive activity of barley seedling and its mode of action. Barley seedling extracts (BSE) dose-
dependently inhibited RANKL-induced osteoclast differentiation with alteration of IxB degradation, c-Fos, and NFATcl molecules
in the early-to-middle stages of osteoclastogenesis. In the late phase of osteoclastogenesis, BSE also prevented DC-STAMP and
cathepsin K, which are required for cell fusion and bone degradation, such as osteoclast function. In conclusion, barley seedling
from natural foods may provide long-term safety and be useful for the prevention or treatment of osteoclast-mediated bone

metabolic diseases, including osteoporosis.

1. Introduction

Bones are dynamic structures that are continually being
formed and resorbed through the constant processes of
remodeling and reorganisation. Bone homeostasis is sus-
tained by a tight balance between osteoclast-mediated bone
destruction and osteoblast-related bone formation. However,
an imbalance of bone homeostasis by the induction of osteo-
clastic bone destruction or by the reduction of osteoblastic
bone formation can lead to a variety of bone metabolic
disorders, including osteoporosis, rheumatoid arthritis, and
Paget’s disease [1-3]. Most bone metabolic disorders induce
the activation of osteoclasts; consequently, bone resorp-
tion can exceed bone formation and lead to pathological

bone-resorbing activity resulting in osteopenic disorders with
increased risk of fracture [4, 5]. The economic burdens for
hospitalisation, skeletal deformity, and pain due to fractures
have become a serious public health issue worldwide [6].
Therefore, protection against bone loss and the risk of bone
fracture is an essential means of improving the quality of
patients’ lives with bone defects.

The differentiation of osteoclasts is a complex multistep
process that involves cell differentiation, migration, fusion,
and resorption. In bone marrow, osteoclasts are multinucle-
ated giant cells that resorb mineralised tissues; they are dif-
ferentiated from hematopoietic stem cells by key regulators,
such as receptor activator of NF-«xB ligand (RANKL) and
macrophage colony-stimulating factor (M-CSF) [7]. M-CSF
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and RANKL trigger the differentiation of osteoclast pre-
cursors into mononuclear osteoclasts (preosteoclasts) and
increase them to migrate until they attach to the bone
matrix. Mononuclear osteoclasts then fuse to form giant
multinucleated osteoclasts that, subsequently, relate to bone
resorption. In the initial stage, the binding of RANKL to
its receptor RANK triggers osteoclast differentiation by the
activation of mitogen-activated protein (MAP) kinases and
transcription factor, NF-«xB [8]. These essential signaling
molecules contribute to the activation of c-Fos and nuclear
factor of activated T cells, cytoplasmic 1 (NFATcl), which are
known to be master regulators for osteoclast differentiation
[7, 9, 10]. c-Fos is induced in the early-to-middle stages of
osteoclastogenesis and NFATcl is increased in the middle-to-
late phases. These two transcription factors play a critical role
in the expression of specific genes, such as tartrate-resistant
acid phosphatase (TRAP), osteoclast-associated receptor
(OSCAR), dendritic cell-specific transmembrane protein
(DC-STAMP), and cathepsin K, which are required for
osteoclast differentiation, cell fusion, and maturation. Thus,
the regulation of osteoclast formation-mediated molecules is
essentially responsible for the degradation of the mineralised
matrix during physiological and pathological bone turnover
(11].

For thousands of years, plant foods, including vegetables,
fruit, wheat, rice, and barley, have been conventionally
ingested in many countries around the world due to their
nutritional support for the body. Moreover, plant foods
contain naturally occurring bioactive components known
as phytochemicals. Therefore, plants are a source of safe,
healthy foods because they are suitable for long-term use,
although the fact that ingesting plants might have therapeutic
benefits is clearly not a new concept. Specifically, functional
foods, and their bioactive compounds that play a role in
improving skeletal health, have received noticeable attention.
Recently, a number of studies have reported that functional
foods and their phytochemicals prevent bone loss in both
female and male osteoporotic animal models, as well as in
postmenopausal women [12-15]. Therefore, dietary intake of
natural bioactive plant foods is an adaptable habit that may
play a key role in reducing the risk of diseases disorders, such
as osteoporosis.

The various physiological functions of barley have been
reported to exhibit antioxidative, anti-inflammatory, antiobe-
sity, hair-growth stimulation, and cholesterol-lowering activ-
ities [16-21]. These studies have attracted considerable
research attention focusing on the biological activity of barley,
and its evident safety valuation has accelerated the com-
mercial use of barley and its phytochemicals. Furthermore,
researchers have shown an interest in developing natural
ingredients that can increase the bioactive components in
barley. Notably, the barley seedling (BS), grown for about
7 days from barley seed, contains high concentrations of
various physiologically active ingredients that enable it to
germinate and to protect itself from external attacks. In
particular, BS contains policosanols with substantial levels
of polyphenol and saponarin as a major flavonoid, which
have a variety of biological activities [22, 23]. Accordingly,
the pharmaceutical properties of BS have potential roles in
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the prevention and treatment of disease. Few studies have
investigated barley seedling extracts (BSE), and it has not
been elucidated as to whether or not BSE has antiresorptive
activity. Therefore, we investigated the effect of BSE on
RANKL-mediated osteoclast differentiation and the bone-
resorbing activity of mature osteoclasts.

2. Materials and Methods

2.1. Preparation of the Barley Seedling Extracts. Barley
(Hordeum vulgare L.) was cultivated in 2015 in the exper-
imental field at the National Institute of Crop Science,
Rural Development Administration, Jeonbuk, Korea. BS was
prepared using the procedure reported in the literature [23].
Barley seeds were washed twice using deionized distilled
water and imbibed in water at 18°C for 24 hr. The imbibed
seeds were germinated in 65% humidity at 16°C in a normal
light cycle (16/8 hr day/night). The germinating seeds and
seedlings were harvested in liquid nitrogen 7 days after ger-
mination. The collected leaves were freeze-dried immediately
after sampling. Prior to obtaining the BSE, the leaves were
pulverised to 100 mesh. The masses of all the samples were
based on dry weight. To determine the antiosteoporotic
activities, the pulverised seeds (10g) were extracted with
20 ml of the prethanol for 2 days at 4°C in the dark. The crude
extracts were filtered through Whatman Number 42 filter
paper to remove the sediment. The solvent was evaporated,
and the prethanol extracts were obtained from the BS.

2.2. Reagents and Antibodies. Mouse soluble RANKL and M-
CSF were purchased from R&D Systems (Minneapolis, MN,
USA). Penicillin, streptomycin, cell culture medium, and
foetal bovine serum (FBS) were purchased from Invitrogen
Life Technologies (Carlsbad, CA, USA). Antibodies against
NFATcl, actin, and IxB and secondary antibody conjugated
to horseradish peroxidase (HRP) were purchased from Santa
Cruz Biotechnology (Dallas, TX, USA). All of the other
antibodies were obtained from Cell Signaling Technology
(Beverly, MA, USA).

2.3. Ethics Statement. This study was conducted in strict ac-
cordance with the recommendations in the Standard Protocol
for Animal Study of Gangnam Severance Hospital Biomed-
ical Center (Permit Number 2016-0238). The protocol (ID
Number 0238) was approved by the Institutional Animal Care
and Use Committee (JACUC) of Yonsei University College of
Medicine. Every effort was made to minimise the number of
animals used in the study and minimise their suffering and
stress/discomfort.

2.4. Preparation of Osteoclast Precursor Cells. All the exper-
iments were carried out as described in a previous study,
with modifications [24]. Five-week-old male Imprinting
Control Region (ICR) mice (Damul Science Co., Daejeon,
Korea) were maintained in a room illuminated daily from
07:00 to 19:00 (12:12hr light/dark cycle), with controlled
temperature (23 + 1°C) and ventilation (10-12 times per
hour); humidity was maintained at 55 + 5% and the animals
had free access to a standard animal diet and tap water.
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TABLE 1: The primer sequences used in this study.
Target gene Forward primer (5'-3) Reverse primer (5'-3")
c-Fos CCAGTCAAGAGCATCAGCAA AAGTAGTGCAGCCCGGAGTA
NFATcl GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA
TRAP GATGACTTTGCCAGTCAGCA ACATAGCCCACACCGTTCTC
OSCAR AGGGAAACCTCATCCGTTTG GAGCCGGAAATAAGGCACAG
DC-STAMP CCAAGGAGTCGTCCATGATT GGCTGCTTTGATCGTTTCTC
Cathepsin K GGCCAACTCAAGAAGAAAAC GTGCTTGCTTCCCTTCTGG
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA
HPRT1 TGCTCGAGATGTCATGAAGG AGAGGTCCTTTTCACCAGCA

Bone marrow cells were obtained from the five-week-old
male ICR mice by flushing their femurs and tibias with
alpha minimum essential medium- (¢-MEM-) containing
antibiotics (100 units/ml penicillin, 100 yg/ml streptomycin).
The bone marrow cells were cultured on culture dishes for 1
day in «a-MEM containing 10% FBS and M-CSF (10 ng/ml).
The nonadherent bone marrow cells were plated into Petri
dishes and cultured for 3 days in the presence of M-
CSF (30 ng/ml). After the nonadherent cells were washed
out, the adherent cells were used as bone marrow-derived
macrophages (BMMs).

2.5. Osteoclast Cell Culture and Osteoclast Differentiation.
The BMMs were maintained in «-MEM supplemented with
10% FBS, 100 units/ml penicillin, and 100 yg/ml strepto-
mycin. The medium was changed every 3 days in a humidified
atmosphere of 5% CO, at 37°C. To differentiate the osteoclasts
from the BMMs, the BMMs (1 x 10* cells/well in a 96-well
plate or 3 x 10° cells/well in a 6-well plate) were cultured with
M-CSF (30 ng/ml) and RANKL (10 ng/ml) for 4 days, and
then the multinucleated osteoclasts were observed.

2.6. TRAP Staining and Activity Assay. The mature osteo-
clasts were visualised using TRAP staining, a biomarker of
osteoclast differentiation. Briefly, the multinucleated osteo-
clasts were fixed with 3.7% formalin for 10 min, permeabilised
with 0.1% Triton X-100 for 10 min, and then stained with
TRAP solution (Sigma-Aldrich, Saint Louis, MO, USA). The
TRAP-positive multinucleated osteoclasts (MNC; nuclear
> 3 or nuclear > 10) were counted. To measure TRAP
activity, the multinucleated osteoclasts were fixed in 3.7%
formalin for 5 min, permeabilised with 0.1% Triton X-100 for
10 min, and then treated with TRAP buffer (100 mM sodium
citrate, pH 5.0, 50 mM sodium tartrate) containing 3 mM
p-nitrophenyl phosphate (Sigma-Aldrich) at 37°C for 5 min.
The reaction mixtures in the wells were transferred to new
plates containing an equal volume of 0.1 N NaOH, and the
optical density values were determined at 405 nm.

2.7 Cell Viability Assay. The BMMs were plated in a 96-
well plate at a density of 1 x 10* cells/well, in triplicate. After
treatment with M-CSF (30 ng/ml) and various concentrations
of BSE, the cells were incubated for 3 days, and cell viability

was measured using the Cell Counting Kit 8 (CCK-8) accord-
ing to the manufacturer’s protocol. The CCK-8 assay kit was
purchased from Dojindo Molecular Technologies (Rockville,
MD, USA).

2.8. RNA Isolation and Real-Time Polymerase Chain Reaction
Analysis. Real-time polymerase chain reaction (PCR) was
performed as described previously [25]. The primers were
chosen using the online Primer3 design program [26]. The
primer sets used in this study are shown in Table 1. Briefly,
total RNA was isolated with TRIzol reagent, and the first-
strand cDNA was synthesized with the RevertAid First-
Strand ¢cDNA Synthesis Kit (Thermo Scientific, Waltham,
MA, USA) according to the manufacturer’s recommended
protocol. SYBR green-based quantitative PCR (qPCR) was
performed using the Bio-Rad CFX96 Real-Time PCR Detec-
tion System (Hercules, CA, USA) and Topreal qPCR 2x
PreMIX (Enzynomics, Daejeon, Korea). All reactions were
run in triplicate, and the data were analysed using the
27T method [27]. Hypoxanthine phosphoribosyltrans-
ferase 1 (HPRT1) and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) were used as the internal standard genes.
The statistical significance was determined using Student’s
t-test with HPRT1/GAPDH-normalised 27*CT values; the
differences were considered significant at P < 0.05.

2.9. Western Blot Analysis. Western blot analysis was per-
formed as described previously [28]. Briefly, the cultured
cells were washed with ice-cold phosphate-buffered saline
(PBS) and lysed in lysis buffer (50 mM Tris-HCI, 150 mM
NaCl, 5mM EDTA, 1% Triton X-100, 1 mM sodium fluoride,
1 mM sodium vanadate, and 1% deoxycholate) supplemented
with protease inhibitors. After centrifugation at 15,000 xg
for 15 min, the protein quantification in the supernatant was
determined using the detergent compatible (DC) protein
assay kit (Bio-Rad). The quantified proteins were denatured,
separated on sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) gels, and transferred onto a
polyvinylidene difluoride (PVDF) membrane (Merck Mil-
lipore, Darmstadt, Germany). After incubation with an
antibody, the membranes were developed using SuperSignal
West Femto Maximum Sensitivity Substrate (Thermo Scien-
tific) and visualised with the LAS-4000 luminescent image



analyser (GE Healthcare Life Sciences, Little Chalfont, UK).
Actin was used as a loading control.

2.10. Bone Pit Formation Analysis. The mature osteoclasts
were prepared by isolating osteoblasts from the calvariae
of newborn mice by serial digestion in 0.1% collagenase
(Gibco, Paisley, UK), as previously described [29]. The bone
marrow cells were isolated as described above. The osteoblasts
(3.5 x 10° cells/well) and BMMs (1 x 10° cells/well) were
cocultured on a collagen-coated 90 mm dish in the presence
of 1«,25-dihydroxyvitamin D, (VitD;) and prostaglandin
E, (PGE,) for 6 days. The a-MEM complete medium with
VitD; and PGE, was changed every 3 days. The cocultured
cells were detached from the collagen-coated dishes using
0.1% collagenase and then replated on a bone biomimetic
synthetic surface (Corning, NY, USA) in a 24-well plate.
After 1 hr, each well was treated with RANKL (10 ng/ml) and
BSE for 24 hrs. The cells on these plates were stained for
TRAP and photographed under a light microscope at 10x
magnification. To observe the resorption pits, the slides were
washed with PBS and treated with 5% sodium hypochlorite
for 5min. After the plate was washed with PBS and dried, it
was photographed under a light microscope. Quantification
of the resorbed areas was performed using the Image]
program.

2.11. Statistical Analysis. All quantitative values are presented
as mean + standard deviation. Each experiment in triplicate
was performed three to five times, and Figures 1-5 show
the results from one representative experiment. Statistical
differences were analysed using Student’s ¢-test, and a value
of P < 0.05 was considered significant.

3. Results

3.1. BSE Inhibits RANKL-Induced Osteoclast Differentiation.
To determine the effect of BSE on RANKL-mediated osteo-
clastogenesis, the BMMs were incubated with different con-
centrations of BSE followed by RANKL (10 ng/ml) treatment.
The BMMs induced numerous TRAP-positive multinucle-
ated osteoclast cells (TRAP+ MNCs) by RANKL in the
control group (vehicle treatment), but BSE attenuated the
formation of TRAP+ MNCs in a dose-dependent manner
(Figure 1(a)). The inhibitory effect was confirmed by counting
the number of TRAP+ MNCs (Figure 1(b); left panel) and
measuring TRAP activity (Figure 1(b); right panel). Since the
cellular cytotoxicity of BSE in the survival of the BMMs
could affect RANKL-induced osteoclast differentiation, its
effect was examined using the CCK-8 assay. As shown in
Figure 1(c), no cytotoxicity of BSE was observed at the
indicated dose. These results show that BSE significantly
inhibited RANKL-mediated osteoclast differentiation with-
out apparent cytotoxicity.

3.2. BSE Attenuates RANKL-Induced Expression of c-Fos and
NFATel during Osteoclastogenesis. The inhibitory effect of
BSE on osteoclast differentiation was examined by eval-
uating the expression level of several osteoclastogenesis-
associated genes, including transcriptional factors. As shown
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in Figure 2(a), the mRNA expression levels of osteoclas-
togenesis-related transcription factors, such as c-Fos and
NFATcl, were induced by RANKL, but these inductions
were significantly inhibited by treatment with BSE. In
addition, BSE also strongly attenuated the mRNA induc-
tion of c-Fos/NFATcl-dependent molecules, such as TRAP
and OSCAR. Western blot analysis further revealed that
the RANKL-induced translational expression of both c-Fos
and NFATCcl was strongly inhibited by treatment with BSE
(Figure 2(b)). Taken together, these results suggest that the
antiosteoclastogenesis activity of BSE could arise from its
potential to inhibit the expression of c-Fos/NFATcl, the
early-stage transcription factor that is required for osteoclast
differentiation.

3.3. BSE Contributes to RANKL-Mediated NF-«xB/IxB Signal-
ing Pathways. To clarify the mode of antiosteoclastic action
by BSE, we investigated whether or not BSE could affect
the activation of the RANKL-mediated signaling molecules
associated with the regulation of c-Fos/NFATcl expression,
which are master transcription factors required for osteo-
clast differentiation. As shown in Figure 3, RANKL stimu-
lated degradation of IkB and the activation of RAC-Alpha
Serine/Threonine-Protein Kinase (AKT) and MAP kinases,
including extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and p38, but BSE only blocked the
RANKL-induced degradation of IxB. These results demon-
strate that attenuation of IxB degradation could be involved
in the antiosteoclastogenic action of BSE.

3.4. BSE Inhibits Osteoclast Differentiation in the Late Stage
Associated with Cell Fusion as well as in the Early Stages.
To better understand when BSE inhibits osteoclast differ-
entiation, we examined the antiosteoclastogenic activity of
BSE by treating the cells at four time points, as shown
in Figure 4(a). Treatment with BSE for 24 hrs moderately
inhibited the RANKL-induced formation of TRAP+ MNCs
in the early-to-late stages of osteoclastogenesis (Figure 4(b)).
Moreover, TRAP activity was also attenuated by the addi-
tion of BSE (Figure 4(c)). Interestingly, the presence of
BSE (3 pg/ml) from day 3 to day 4 dramatically repressed
TRAP+ MNCs formation with >10 nuclei giant osteoclasts
(Figure 4(b), 3-4d) and reduced the number of fused cells
(Figure 4(d)). We confirmed the inhibitory effect of BSE
on the monocyte TRAP+ cells into giant multinucleated
osteoclasts by evaluating the mRNA expression level of DC-
STAMP, which is an essential factor for osteoclast fusion. BSE
strongly inhibited the RANKL-induced mRNA expression
of DC-STAMP (Figure 4(e)). These results indicate that the
antiosteoclastogenic effect of BSE could be due to its potential
to inhibit multistep response in the early, middle, and late
stages of osteoclast differentiation.

3.5. BSE Prevents the Bone-Resorbing Function of Mature
Osteoclasts. Next, to investigate whether BSE has the poten-
tial to inhibit the survival and the bone-resorbing activity
of mature osteoclasts, we performed resorption-related gene
expression, mature osteoclast counting, and a bone pit
formation assay. As shown in Figure 5(a), BSE significantly
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FIGURE 1: BSE impairs RANKL-induced osteoclast differentiation. (a) The BMMs were cultured for 4 days in the presence of RANKL
(10 ng/ml) and M-CSF (30 ng/ml) with either the vehicle (prethanol) or the indicated concentration of BSE. Multinucleated osteoclasts were
visualised using TRAP staining. (b) TRAP+ MNCs were counted (left panel) and TRAP activity was measured (right panel). #p < 0.001
(versus the control); *P < 0.05; ***P < 0.001 (versus the RANKL-treated group). (c) The effect of BSE on the viability of BMMs was evaluated
using the CCK-8 assay. Data are expressed as mean + SD and are representative of at least three experiments.

inhibited the RANKL-mediated mRNA induction of cathep-
sin K, which plays a role in bone resorption. We then
confirmed the effect of BSE on the RANKL-induced bone
resorptive function of mature osteoclasts in a coculture sys-
tem of BMMs and primary osteoblast cells. When the purified
mature osteoclasts from the coculture were replated on abone
biomimetic synthetic surface and cultured with/without BSE

for 1 day, no significant difference was observed between the
BSE-treated cells and the control group in terms of TRAP+
MNCs formation (Figure 5(b); upper panel) and the number
of TRAP+ MNCs (Figure 5(c)). However, the addition of
BSE strongly inhibited the areas of resorption formation
(Figure 5(b); bottom panel) as measured using the resorbing
bone pit assay (Figure 5(d)). These results revealed that
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FIGURE 2: BSE inhibits the RANKL-mediated expression level of c-Fos/NFATcl. (a) The BMMs were stimulated with RANKL (10 ng/ml) and
M-CSF (30 ng/ml) in the presence or absence of BSE (3 ug/ml) for the indicated times. Total RNA was then isolated using TRIzol reagent,
and the mRNA expression levels were evaluated using real-time PCR. GAPDH was used as the internal control. **P < 0.01; ***P < 0.001
(versus the vehicle control). (b) The effect of BSE on the protein expression level of RANKL-induced transcription factors was evaluated using
Western blot analysis. Actin was used as the internal control. Data are representative of at least three experiments.
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FIGURE 3: BSE attenuates RANKL-induced degradation of IxB
signaling molecules. In the condition of serum starvation for 1hr,
the BMMs were pretreated with or without BSE (3 ug/ml) for
1hr prior to RANKL stimulation (10 ng/ml) at the indicated time
periods. Then, the expression levels of the signaling molecules were
evaluated using Western blot analysis. The indicated densitometric
values were obtained using Multi Gauge version 3 software. One
representative result obtained from three independent experiments
yielding similar results is shown.

BSE could prevent the bone resorptive function of mature
osteoclasts without any alterations in the cell survival of the
giant multinucleated osteoclasts.

4. Discussion

Antiosteoclastic agents have become the therapeutic main-
stay for treating osteoporosis. However, the most common
antiresorptive agents, such as bisphosphonates, also carry
the risk of side effects, such as bisphosphonate-mediated
osteonecrosis of the jaw [30] and atypical femoral fractures
[31]. Consequently, the use of antiosteoclastic agents is lim-
ited due to concerns about their long-term safety. Therefore,
new, safe therapeutic agents are urgently needed for the long-
term management of bone disease.

Plant-based natural products have traditionally yielded a
variety of therapeutic agents. Generally, healthy nutrients or
foods with pharmaceutical properties are both effective and
safe for the long-term administration of a variety of disorders.
Recently, studies have attempted to identify natural products
or healthy foods that can prevent and/or treat osteoporosis
with minimal adverse effects [32].

As a major food crop for humans, barley is the sec-
ond most commonly consumed grain in Korea, and it is
recognised as a safe and healthy food to consume. Several
studies have shown that BSE and its components exhibit
antioxidant activities, decrease blood glucose and cholesterol
levels, and protect against liver injury [33-36]. Nonetheless,
the antiresorptive activity and mode of action of BS in
bone metabolic diseases have not been revealed. This current
study is the first to report on the antiosteoclastogenesis and
inhibition of bone-resorbing activity of BSE.

The differentiation of osteoclasts from hematopoietic
stem cells in bone marrow is specifically regulated by RANKL
[37]. RANKL signaling triggers osteoclast formation, which
is considered to be an important target for preventing
pathological bone loss. In this study, BSE attenuated the
RANKL-related differentiation of BMMs into osteoclasts
in a dose-dependent manner without any cytotoxicity in
concentrations up to 10 pg/ml.

RANKL stimulates transcription factors, such as c-Fos
and NFATCcl, during osteoclast differentiation. As activator
protein-1 (AP-1) family members, c-Fos and NFATcl play
a major role in the regulation of molecules for osteoclast
differentiation. An important role for c-Fos in the process of
osteoclast differentiation has been clarified in c-Fos knockout
mice [38]. The c-Fos-deficient mice had osteopetrosis due to
a cell-autonomous defect in osteoclast differentiation [39].
Furthermore, Takayanagi et al. [40] reported that NFATcl-
deficient embryonic stem cells do not differentiate into
mature osteoclasts, even in the presence of RANKL. As major
transcription factors, c-Fos and NFATc] are also functionally
linked together. Particularly, c-Fos is essential for RANKL-
induced expression of NFATcl. c-Fos is expressed in the
early stages of osteoclast differentiation, and it regulates
NFATcl gene expression by binding to the promoter region of
NFATcl [40]. NFATcl is expressed in the middle or late stages
of osteoclastogenesis, and it regulates osteoclast-mediated
genes, such as TRAP, and OSCAR [9, 41]. Therefore, c-
Fos and NFATCcl are master regulators for RANKL-induced
osteoclast differentiation. In this study, two transcription
factors such as c-Fos and NFATcl inhibited the expression of
the transcriptional and translational levels by BSE treatment
during osteoclast differentiation. In addition, the inhibitory
effect of BSE via downregulation of c-Fos and NFATcl
was confirmed by evaluating the transcriptional expression
levels of c-Fos/NFATcl-dependent genes, such as TRAP and
OSCAR. These results suggest that c-Fos/NFATcl, as a main
transcriptional marker of osteoclastogenesis, is involved in
BSE’s inhibitory effect on osteoclast differentiation.

The binding of RANKL to its receptor RANK activates
various signaling pathways, including NF-«xB, PI3K/AKT,
and MAP kinases, consisting of p38, ERK, and JNK, in the
early stage of osteoclastogenesis [37, 42]. It is known that
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FIGURE 4: BSE also inhibits RANKL-mediated cell fusion during osteoclastogenesis. (a) Based on the exposure schedule, the BMMs were
cultured with BSE (3 ug/ml) for various times periods (the indicated black arrow) in the presence of M-CSF (30 ng/ml) and RANKL (10 ng/ml).
(b) After the BMM:s differentiated into osteoclasts (as described in (a)), the cells were fixed, permeabilised, and stained with TRAP. TRAP+
MNCs formation was photographed under a light microscope. Each exposure period of BSE was indicated as “0-4” for the vehicle. “0-1” for 0-
1day, “1-2” for 1-2 days, “2-3” for 2-3 days, and “3-4” for 3-4 days. (c) TRAP activity was measured at 405 nm. “** P < 0.001 (versus the control);
*P < 0.05 (versus the RANKL-treated control). (d) The number of TRAP+ MNCs (nuclei > 10) was counted. *P < 0.05; “*P < 0.01 (versus
the RANKL-treated group). (e) The effect of BSE on the mRNA expression of DC-STAMP was analysed using real-time PCR, as described in
Figure 2(a). HPRT was used as the internal control. White column (vehicle-treated); black column (3 pg/ml BSE-treated), ** P < 0.01 (versus
the vehicle control). Data are representative of at least three experiments.
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FIGURE 5: BSE impairs the osteoclastic function of giant multinucleated cells. (a) The mRNA expression of cathepsin K was evaluated during
osteoclast differentiation in the absence or presence of BSE (3 pg/ml) using real-time PCR. The relative fold change of the mRNA expression
level is presented in comparison to the control (no RANKL-treated). HPRT was used as the internal control. **P < 0.01 (versus the vehicle
control). (b) The mature osteoclasts were plated on bone biomimetic synthetic surface and treated for 24 hrs with BSE (3 yg/ml). The cells
were fixed, permeabilised, and stained with TRAP. TRAP+ MNCs formation was visualised under a light microscope (top images). The

resorption areas were removed from the cells and photographed under
(b)) was counted as the number of TRAP+ MNCs (nuclei > 10; (c)), an
(d). **P < 0.01 (versus the vehicle control). One representative result a
is shown.

the expression of c-Fos/NFATcl requires assembly of NF-
«B, PI3K/AKT, and MAP kinase signaling [40, 43-45]. In
this present study, the pathways for the PI3K/AKT and MAP
kinases were not affected by BSE. However, BSE prevented

a light microscope (bottom images). (c-d) The form (as visualised in
d the resorptive areas (%) were quantified using the Image] program
chieved from three independent experiments yielding similar results

the alternation of the RANKL-induced degradation of IxB
signaling molecules, which leads to NF-«B activation. IxB
is a member of a family of cellular proteins that func-
tion to inhibit NF-xB molecules. IxB inhibits NF-xB by
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masking the nuclear localisation signals of NF-«B proteins
and keeping them sequestered in an in-active state in the
cytoplasm [46]. In IKK-knockout mice, the upstream IxB
die at birth as a result of severe epidermal defects; however,
analysis of the embryonic osteoclasts (E18.5 days postcoitus)
revealed reduced numbers of multinucleated osteoclasts with
altered morphology [47]. Additionally, NF-«B p50/p52 dou-
ble knockout mice display defects of osteoclast differenti-
ation and severe osteopetrosis because c-Fos/NFATcl was
not induced by RANKL [48]. These reports indicated that
the NF-xB/IxB signaling pathway could have the potential
to regulate osteoclast differentiation through c-Fos/NFATcl
expression. In this present study, the inhibitory effect of BSE
on osteoclastogenesis could result from its potential ability to
attenuate the NF-xB/IxB-c-fos/NFATcI signaling axis at the
early stage of osteoclast differentiation.

Osteoclast differentiation is a multistep progressive pro-
cess that involves cell proliferation, commitment, migration,
fusion, and maturation [49, 50]. Monocyte/macrophage pre-
cursors derived from hematopoietic stem cells in the bone
marrow become preosteoclasts that then migrate and fuse
to form giant multinucleated osteoclasts. In this regard, we
next investigated whether the inhibitory effect of BSE affected
some of the stages of osteoclast differentiation. To determine
this, we reevaluated the antiosteoclastogenic activity of BSE
by treating cells at each osteoclastogenesis stage. Interestingly,
the TRAP+ MNCs formation by BSE was suppressed during
the early, middle, and late stages of osteoclast differentiation.

Cell-cell fusion is essential for the formation and mat-
uration of multinucleated osteoclasts; this process involves
cellular fusion molecules, such as DC-STAMP. In osteoclas-
togenesis, DC-STAMP has been reported to be essential for
cell-to-cell fusion of preosteoclasts, and it is preferentially
expressed in the late stage [51-53]. Osteoclasts derived from
DC-STAMP-deficient mice were found to abrogate multin-
ucleated osteoclast formation and increase bone mass [54].
Additionally, DC-STAMP contains multiple NFATcI binding
sites in promoter regions, and it is regulated by NFATcl
transcription factor [55]. As mentioned earlier, we found
that the mRNA expression levels of DC-STAMP and NFATcl
were inhibited by BSE during osteoclast differentiation. Taken
together, these results suggest that BSE with antiosteo-
clastogenic activity is involved in osteoclast differentiation
from the initial phase of osteoclastogenesis to the terminal
phase.

Bone resorption is a unique function of osteoclasts, and
it plays a central role in the formation of the skeleton and
the regulation of its mass, which is involved in the matrix
degradation of the organic and inorganic phases of bone [56].
In this progression, active proteases released from osteoclasts
into the resorption lacunae are known to be involved in
matrix degradation, and it has been reported that cysteine
proteinases play a vital role in this process [57, 58]. Cathepsin
Kisatype of lysosomal cysteine protease, such as a proteolytic
enzyme, and it is abundantly expressed in mature osteoclasts.
It can degrade the protein components of the deminer-
alised bone matrix, most notably type-1 collagen [59-61].
In addition, a study of cathepsin K-deficient mice found
impaired bone loss via reduction of bone resorption and an
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increased bone formation rate in comparison to the control
[62, 63]. RANKL-mediated cathepsin K expression has been
shown to be regulated by NFATc1 [64]. Thus, induction of
cathepsin K by NFATcl is responsible for the degradation
of the collagen matrix by osteoclasts. In our present study,
the presence of BSE was associated with inhibition of the
cathepsin K expression level and the anti-bone-resorbing
activity of mature osteoclasts.

5. Conclusions

To the best of our knowledge, this is the first study to
have shown the potential of a natural food, such as BSE, to
inhibit osteoclast differentiation and bone-resorbing activity
in the early-to-late stages of osteoclastogenesis, although
additional experiments are needed to substantiate the iden-
tification of the pharmaceutical components in BSE for
antiosteoclastogenic activity. BSE inhibits RANKL-induced
osteoclastogenic activity by preventing IxB degradation and
c-Fos/NFATcl expression. Consequently, the alteration of
IxB/c-Fos/NFATcl could lead to the decreased expression
of the genes required for bone-resorbing activity and cell
fusion, such as DC-STAMP and cathepsin K. Moreover, BSE
prevented the bone-resorbing activity of mature osteoclasts.
Finally, our results suggest that the potential antiresorptive
property of BSE might be developed as a functional food
and pharmacological agent to improve bone health and to
treat osteoclast-mediated bone metabolic disorders, includ-
ing osteoporosis.
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Pingmu Decoction is the Traditional Chinese Medicine which has treated Graves’ Ophthalmopathy (GO) in the inactive stage for
more than ten years. This study was to explore the mechanism of Pingmu Decoction of inhibiting preadipocytes in GO patients from
differentiating into mature adipocytes. Human orbital preadipocytes were isolated and cultured through tissue explant method.
Orbital preadipocytes were induced into mature adipocytes. The medicinal serum was prepared from rats. The cells were treated
with medicinal serum which were divided into three groups, low dose group (5%), medium dose group (10%), and high dose group
(20%). The cells viabilities were observed by Oil Red O staining, MTT method, and Annexin V/propidium iodide (PI) double
staining. Effect of Pingmu Decoction on cell apoptosis rate of orbital matured adipocytes was measured by flow cytometry. The genes
Fas and Fas L from cell groups were tested by RT-PCR and Western blotting. The expression of master adipogenic transcription
factors, including peroxisome proliferation-activity receptor (PPAR) y and CCAAT/enhancer binding protein (C/EBP) &, was tested
by Western blotting. Pingmu Decoction could reduce orbital preadipocytes viability and induce apoptosis of mature adipocyte via
Fas/Fas L signaling pathway. Pingmu Decoction reduced lipid accumulation and downregulated the expression of PPAR y and

C/EBP «. Pingmu Decoction may play a therapeutic effect by reducing the accumulation of orbital adipocytes.

1. Introduction

Graves Ophthalmopathy (GO), also known as thyroid-
associated ophthalmopathy, is an autoimmune disease char-
acterized by invasion of retrobulbar and orbital tissues [1,
2]. About 20-50% of GO patients also present clinically
with Graves Disease (GD), which is characterized by dif-
fuse goiter with hyperthyroidism [3-5]. In recent years, the
incidence of GD has undergone an annual increase due to
the influence of hereditary and environmental factors that
contribute to autoimmune disorders [6]. GO affects adults
worldwide and has become one of the major causes of
blindness. However, the etiology and pathogenesis of GO
have not been completely defined. An increase in orbital

adipose tissue content may increase the orbital pressure and
lead to proptosis. Thus, abnormal proliferation of orbital
adipose tissue and the occurrence of fat in GO play an
important role in disease development [7, 8]. Furthermore,
an increase in orbital preadipocyte volume and quantity may
lead to the characteristic increase in adipose tissues [9].
Recent studies have confirmed that preadipocytes that reside
in orbital tissues of patients can transform into fatty cells
under certain conditions and contribute to the development
of GO [10, 11]. Therefore, an imbalance in the proliferation,
differentiation, and apoptosis of orbital preadipocytes may
be the main factor regulating orbital exenteration increase,
orbital pressure increase, and the occurrence of proptosis in
patients with GO.
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GO can be divided into active and inactive stages accord-
ing to its development. In the inactive stage, the clinical
curative effect is not very good, with no available specific and
effective methods of treatment by Western medicine. Pingmu
Decoction has been used in Chinese medicine to treat GO in
the inactive stage for more than ten years, with good clinical
curative effects. A preliminary experimental study demon-
strated that serum from rats treated with Pingmu Decoction
and its components can act on orbital preadipocytes from
patients with GO in the inactive period. Pingmu Decoction
serum promotes the apoptosis of adipocytes and reduces the
accumulation of orbital adipocytes by increasing the expres-
sion of Caspase-3, Caspase-8, and Caspase-9 protein [12].
However, its apoptotic effect on differentiated adipocytes
from GO patients remains uncharacterized. Intracellular
pathways mediated by Fas/Fas L in mammals can induce
apoptosis [13, 14]. We cultured orbital preadipocytes from
patients by the tissue explant method and differentiated them
into orbital adipocytes. The effect and molecular mechanism
of Pingmu Decoction on the apoptosis of orbital adipocytes
were explored by a variety of methods.

2. Materials and Methods

2.1. Experimental Animals and Drugs. Six-week-old specific
pathogen-free male Sprague-Dawley rats weighing 200+ 10 g
were purchased from Shanghai Silaike Experimental Ani-
mal Co. Ltd. (certification number SCXK (Hu) 2012-0002).
Animal experiment ethical approval was obtained from the
Affiliated Long Hua Hospital of Shanghai University of
Traditional Chinese Medicine.

Pingmu Decoction was composed of 30 g of Huangqi
(Astragalus membranaceus), 15 g of Xianlingpi (Herba Epime-
dii), 15 g of Chuanxiong (Ligusticum wallichii), 15 g of Baijiezi
(Brassica alba Boiss.), 15g of stir-baked Biejia (Carapax
Trionycis), and 30 g of Cheqianzi (Semen plantaginis). These
herbs were provided by the Chinese Medicine Pharmacy
of the Affiliated Long Hua Hospital of Shanghai University
of Traditional Chinese Medicine (TCM). The Decoction
of the above herbs was prepared twice according to the
original formula and then filtered and concentrated in a
combined liquor. The dose of rat administration is based on
the human mouse equivalent dosage conversion according
to the textbook Pharmacology and Pharmacology Experiment
of TCM (edited by Zhang Dafang, Shanghai Science and
Technology Press, 2002). The crude drug (4 g/mL) was stored
at4°C.

2.2. GO Patients. Four cases (4 eyes) of postbulbar adipose
tissues from GO inpatients were collected from Shanghai
EENT Hospital. Of the four GO cases in this study, two
female and two male patients (age ranging from 25 to 48
years old) had a GO history of three to eight years. Diagnostic
criteria of GO were in accordance with the clinical score stan-
dards described in the Chinese Guideline for Diagnosis and
Treatment of Thyroid Disease published in 2008. The clinical
activity score (CAS) of GO in clinical practice was based on
the clinical score standards of Chinese Guideline for Diagnosis
and Treatment of Thyroid Disease, including spontaneous
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retrobulbar pain, pain with eye movement, eyelid erythema,
conjunctival hyperemia, chemosis, swollen lacrimal caruncle,
and swollen eyelid. Each symptom accounted for one point,
and the total score obtained was up to seven in each case. The
inactive phase of GO referred to active exophthalmos with
the clinical score of <3. Classification of exophthalmos in
this study was in accordance with the classification crite-
ria of GO proposed by the American Thyroid Association
(ATA). The patients were confirmed to have GO paralleled
orbital decompression by the Ophthalmology Department at
Shanghai EENT Hospital. All patients were in the GO inactive
stage, which is in line with the diagnostic criteria. Other
diseases, such as autoimmune diseases and cancer, were
ruled out. Approval was obtained from the Medical Ethical
Committee and patient consent was obtained in writing prior
to collection of tissue samples.

2.3. Medicinal Serum Preparation. The Sprague-Dawley rats
were randomly divided into 2 groups with 5 rats per group.
The rats in the Pingmu Decoction group were given 15 mL/kg
Pingmu Decoction, and the rats in the control group were
given an equal volume of distilled water by intragastric
administration twice a day for 3 days. The final concentrations
of medicinal serum (final concentration = volume added to
serum/total volume x 100%) were 5% (low dose), 10%
(medium dose), and 20% (high dose).

Blood was collected from the abdominal aortae of the rats
under ether anesthesia 1.5 h after the last administration. The
blood was incubated for 2h at 4°C and then centrifuged at
4°C at 3000 rpm/min for 15 min. The sera from each group
of mice were combined and inactivated for 30 min at 56°C in
a water bath, filtered with 0.22 yum aperture micropore film,
packed with frozen pipes, and stored at —20°C.

2.4. Culture of Primary Cells from Patient Tissue. Sterilized
orbital adipose tissues from the operating table were washed
3 times with sterile phosphate buffer solution (PBS) to remove
the blood and then were placed into culture bottles con-
taining complete medium. As soon as possible after transfer
to the laboratory (within 4h) the tissues were processed
for experimentation at room temperature. Human orbital
preadipocytes were cultured by the tissue explant method.
The adipose tissue with visible connective tissue or blood
clots was removed and the remaining tissue was harvested
into Petri dishes with D-HanKk’s solution. The tissues were cut
into pieces of approximately Ilmm x 1mm x 1mm in size
with ophthalmic scissors and were seeded evenly at the
bottom of culture bottles. Then the bottles were gently
turned upside down, and 2mL complete culture solution
was added. The bottles were placed askew into an incubator
with 5% CO, at 37°C for culturing. After the tissue explants
adhered tightly to the culture bottle, 5mL complete culture
solution was added, and the solution was replaced with
fresh solution every 2-3 d. At 80% confluence, the cells were
passaged 1:3 (every 3-4d). Cells were used in experiments
after 3-6 generations. The morphology and growth status of
the cultured primary cells were observed every day. Oil Red
O staining and microscopic photography were performed to
assess the formation of lipid droplets. Healthy preadipocytes
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were seeded at a density of 3-5 x 107/L on coverslips in a 6-
well plate. When they approached confluence, the cells were
fixed in 4% paraformaldehyde for 10 minutes at normal tem-
perature and stained by indirect immunofluorescent assay.
The prepared cell slides were washed 3 times with PBS for 3
minutes, incubated for 1h at 37°C with PBS containing 2%
bovine serum albumin and Pref-1 antibody (diluted 1:100),
and then incubated at 4°C overnight. After 4 washes with
PBS for 5 minutes, FITC-secondary antibody (diluted 1: 500)
was added for 30 min at room temperature in darkness and
the slides were washed 4 times with PBS for 5 minutes. The
slides were then stained with 5 yg/mL DAPI for 2 min, and
antiquenching mounting medium was added before exami-
nation under a fluorescent inverted microscope.

2.5. Identification of Mature Adipocytes. Healthy preadipo-
cytes were seeded at a density of 1 x 10° in 6-well plates.
After the cells adhered, the medium was replaced with Differ-
entiation Medium I containing Dexamethasone (1 gmol/L),
IBMX (0.2 mmol/L) and insulin (10 yg/mL) to induce dif-
ferentiation. After 4 days, the medium was replaced with
Differentiation Medium II, which has no Dexamethasone and
IBMX, and the cells were cultured for 4 additional days. Then
medium was replaced with complete medium and the cells
were cultured for 8d, with the medium replaced every 2d.
The entire differentiation period was 16 d.

After differentiation, the mature adipocytes were washed
3 times with PBS and fixed with 4% paraformaldehyde for 10
minutes. The excess liquid was removed by aspiration, and Oil
Red O solution was added. The cells were rinsed with 75%
ethanol to facilitate observation. The resulting orange lipid
droplets were observable for 10 min under the fluorescent
inverted microscope.

2.6. Cell Viability Assessment by the MTT Method. Cells in
the logarithmic phase were digested with trypsin to produce
amonocell suspension in complete culture medium. The cells
were seeded in 96-well plates at about 10000 cells/200 uL per
well. Then the 96-well plates were cultured in 5% CO, in an
incubator at 37°C. The cells in each group (group 1: control
group, group 2: Pingmu Decoction low dose group, group
3: Pingmu Decoction medium dose group, group 4: Pingmu
Decoction high dose group, and group 5: Dexamethasone
group) were cultured for 24 h, 48h, 72h, and 96 h. A zero
control (culture media, MTT, and DMSO) and a blank
control (cells, culture medium without serum, MTT, and
DMSO) were also assayed in triplicate. After 4 additional days
of culture, 20 uL MTT solution (5 mg/mL in PBS) was added
to each well. The culture supernatant was carefully aspirated,
and then 150 uL. DMSO was added to each well with low speed
oscillation to allow the crystals to dissolve adequately. The
optical density value of each group was measured at 490 nm,
and a cell growth curve was drawn using time as the x-axis
and light absorption as the y-axis.

2.7. Apoptosis Assessment by the Annexin V/Propidium lodide
(PI) Double Staining Method. Cells treated with different
amounts of Pingmu Decoction serum were cultured for
2d. The cell culture medium in each well of a 6-well plate

was aspirated, and 400 uL trypsin was added. After 3 min,
I mL complete culture medium was added to terminate the
digestion and the nonadherent cells were collected. The wells
were washed with 500 yL culture media to recover all of
the cells, and cells from both washes were combined and
centrifuged at 2000 rpm/min for 5 min. The supernatant was
discarded, and the cells were washed with chilled sterile PBS,
resuspended in PBS, counted, and adjusted to 1 x 10%/mL.
The cell suspensions were collected, mixed gently with 5 uL
Annexin V-FITC, and incubated at room temperature for
15 min in darkness. Then 5 uL PI staining solution was added
gently, and the cells were incubated in an ice bath in darkness
for 5 min. Flow cytometry was performed immediately after
adding 300 L binding buffer.

2.8. Real-Time PCR Assessment of Fas and Fas L mRNA
Expression. Total mRNA was extracted by the Trizol method.
The samples (2 uL per well) were plated, with DEPC water as
the background. Then the sample concentration was assessed
using a micro reader. RNA of sufficient purity (A260/A280
value 1.8-2) was used for subsequent experimentation. The
concentrations were adjusted to 1 yg/uL, and then mRNA was
heat-denatured for 5min at 65°C, cooled immediately, and
reverse transcribed to cDNA using the Sensiscript RT Kit.
Reverse transcription was performed in a 20 L volume (9 uL
nuclease-free water, 4 uL 5x RT Buffer, 1 uL RT Enzyme, 1 uL
Primer Mix, and 5 uL ¢cDNA). Reaction conditions were as
follows: 37°C for 15 min, 98°C for 5 min, and 4°C for 5 min.

For PCR, the primer sequences selected were designed
based on the information in GenBank. The upstream
and downstream sequences of the primers and predicted
product size were as follows: Fas: 5'-TTCTGCCATAAG-
CCCTGTCC-3' and 5'-CTAAGCCATGTCCTTCATCAC-
AC-3" (169bp); Fas L: 5'-GGATGTTTCAGCTCTTCC-
ACCTAC-3' and 5'-TGTTAAATGGGCCACTTTCCTC-
3 (152bp); GAPDH: 5'-GCACCGTCAAGGCTGAGAAC-
3" and 5'-TGGTGAAGACGCCAGTGGA-3' (138 bp). Real-
time PCR reactions (50 L total) included 5 uL cDNA sample,
2 uL upstream primers (10 uM), 2 uL downstream primers
(10 uM), 16 uL distilled water, and 25 uL. SYBR Green. The
conditions of PCR amplification were 95°C for 15s, 60°C
for 15, and 72°C for 45s (40 cycles). The relative quantity
of the target genes was determined by the comparative Ct
value/2 24" method with GAPDH as control.

2.9. Assessment of Fas, Fas L, PPAR y, and C/EBP « Protein
Expression by Western Blotting. Cells were cultured for 2d
under different conditions (control group, Pingmu Decoction
low, moderate, and high dose group, and Dexamethasone
group). 2 x 10° adipocytes were washed twice with PBS, and
100 uL precooling protein lysis buffer (50 mM Tris-HCI,
150 mM NacCl, 0.02% NaNj, 1% Triton X-100, I mM PMSE
1 ug/mL aprotinin, and 1 ug/mL leupeptin) was added to the
plates on ice for 10-20 min. The cells were then scraped and
collected into EP tubes at 12000 rpm for 5 min at 4°C. Then
the supernatants were transferred into another centrifuge
tube, and a small amount of supernatant was used for
protein quantitation by the Bradford Assay. Fifty microliters
of protein from each sample was separated by SDS-PAGE,
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(a)

(®)

FIGURE 1: Verification of Pref-1 expression by preadipocytes. Positive Pref-1 expression by preadipocytes was confirmed by indirect
immunofluorescent assay (a-b). Merged image of Pref-1 stain (green) and nuclear stain (blue) (a). Nucleus was stained by DAPT (blue) (b).

and after transfer, PVDF membranes were incubated at 4°C
overnight with primary antibody against Fas, Fas L, PPAR vy,
or C/EBP « (1:1000; diluted in TBST). Fluorescence-labeled
secondary antibody (1:2000) was added after washing, and
the membranes were incubated for 2 h at room temperature.
The membranes were rinsed with TBST. ECL luminescence
reagents (reagent A mix with equal volume of reagent B) were
added, and the membranes were dynamically integrated on a
gel imaging instrument for 5-15 min with analysis by Gel-Pro
analysis software.

2.10. Statistical Analysis. Statistical analysis was performed
using SPSS 18.0 software. Data measurement was expressed
as mean values + standard deviation. Normal distribution
and homogeneity of variance assessments were carried out
first. For experimental data that met the criteria, comparisons
between multiple groups were performed using single-factor
analysis of variance (analysis of variance, ANOVA); and
comparisons among groups were performed using LSD-t
(least significant difference-t). For experimental data that
did not meet the normal distribution and homogeneity of
variance criteria, nonparametric tests were adopted. P < 0.05
was considered statistically significant.

3. Results

3.1. Primary Culture of Preadipocytes, Growth Characteris-
tics after Passage, and Morphological Observation. To deter-
mine the molecular effects of Pingmu Decoction on orbital
adipocytes from GO patients, we collected tissue from
patients undergoing surgery. Cells cultured from the tissue
samples emerged from the tissue block on the fourth day and
were spindle shaped with oval or near-circular nuclei. The
cells morphology was close to that of fibrocytes, with gradual
proliferation of cells. After passaging, the preadipocytes grad-
ually arranged themselves and grew 3-4d before requiring
subsequent passage. In this study, orbital adipose tissue from
4 cases of GO was cultured, and cells emerged from the
adipose tissue block in all cases within 4-5d. The cells were
passaged when they reached confluence (within 9-10 d) under

the sterile conditions. Subsequently, the cells were passaged
once every 3-4 d.

3.2. Identification of Preadipocytes. To verify that the cultured
cells represented preadipocytes, we performed immunofluo-
rescent staining assays with Pref-1 antibody. The membranes
of the cultured preadipocytes positively expressed Pref-1
(green fluorescence) as identified by indirect immunofluores-
cent assay (Figures 1(a) and 1(b)). Based on this finding, it can
be verified that the cultured primary cells were preadipocytes.

3.3. Induction of Differentiation of Preadipocytes and the
Effects of Pingmu Decoction on Differentiation. To induce dif-
ferentiation of the preadipocytes into mature adipocytes, we
cultured them in differentiation liquid. The cells retracted, the
cell space became larger, and proliferation stopped gradually.
Furthermore, the morphology of the cells gradually changed
to oval or nearly circular, and the volume of the cells gradually
increased. An obvious change in morphology was generally
observed after a week or so. Lipid granules presented as fat
droplets in the cytoplasm as observed under the light micro-
scope. On the 8th day of the differentiation, the cells swelled
prominently and their shape became short or polygonal. Fat
droplets became enlarged and gradually increased in number
as observed by Oil Red O staining. On the 16th day of the
differentiation, the cell differentiation was close to 80-90%
complete, and the nuclei shifted to one side. Fat droplets
in the cytoplasm stained red with Oil Red O and could be
seen under the inverted microscope (Figure 2(a)). Based on
this finding, it could be verified that the preadipocytes were
successfully differentiated as mature adipocytes.

Next, we treated the mature adipocytes with three dif-
ferent doses of Pingmu Decoction serum (low, 5%; medium,
10%; and high, 20%). As a control, cells were untreated
(blank) or treated with 30 yg/mL Dexamethasone (Dexa).
The results demonstrate that Pingmu Decoction serum can
inhibit differentiation (Figures 2(b)-2(f)). These findings
suggest that the explanted preadipocytes can be differenti-
ated, but that exposure with Pingmu Decoction serum during
the differentiation blocks maturation.
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FIGURE 2: Fat accumulation in mature adipocytes. Lipid droplets in adipocytes were stained with Oil Red O. Staining was performed for
normal mature adipocytes (a) and for preadipocytes treated with or without Pingmu Decoction serum during differentiation as indicated
(b-f). Blank, blank control group; Dexa, Dexamethasone group; Pingmu low, Pingmu Decoction low dose group; Pingmu moderate, Pingmu
Decoction medium dose group; Pingmu high, Pingmu Decoction high dose group.

3.4. Effect of Pingmu Decoction Serum on Cell Viability. To
further explore the effects of Pingmu Decoction serum, we
treated differentiated adipocytes for up to 96 h. The growth
curves of the Pingmu Decoction low, moderate, and high
groups, compared with the Blank and Dexa groups, were sig-
nificantly reduced, which indicates that the cell viability was
decreased (Figure 3). There were no significant differences
between the Blank and Dexa groups. The OD values of each
Pingmu Decoction group compared with the control group
were decreased at 48h (P < 0.05). The OD values were
further decreased in the Pingmu Decoction groups at 96 h,
with the most dramatic decrease observed for the medium

dose group (P < 0.05). These results verify the time-depend-
ent effect of Pingmu Decoction serum in suppressing the
growth of adipocytes from GO patients.

3.5. Effect of Pingmu Decoction Serum on Apoptosis of Mature
Adipocytes. To determine whether the decrease in cell via-
bility by Pingmu Decoction serum occurs at the level of
apoptosis, we performed flow cytometry of cells assessed by
Annexin V/PI double staining. The results show that the early
and total apoptosis rates of mature adipocytes were 0.65% and
1.53% in the blank control group. However, the cell apoptosis
of each Pingmu Decoction group was increased (P < 0.05),
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FIGURE 3: MTT cell viability assay of control adipocytes and
adipocytes treated with Pingmu Decoction serum. Blank, blank
control group; Dexa, Dexamethasone group; Pingmu low, Pingmu
Decoction low dose group; Pingmu moderate, Pingmu Decoction
medium dose group; Pingmu high, Pingmu Decoction high dose
group. “P < 0.05 versus the blank control group (n = 3 per group).

with the early and total apoptosis rates in the Pingmu
Decoction medium dose group being the highest (Figure 4).
There were no significant differences between Dexa and
blank groups. There were statistical differences between the
medium dose group and low dose group (P < 0.05), but not
the high dose group, in the early apoptosis rate. These results
suggest that Pingmu Decoction serum induces apoptosis of
mature GO adipocytes, with the most dramatic effect occur-
ring at the medium dose.

3.6. Effect of Pingmu Decoction Serum on the Expression of
Fas and Fas L mRNA. To further verify the apoptotic effect
of Pingmu Decoction serum and to determine whether the
effect might be explained by alterations in the expression of
the apoptosis modulators Fas and Fas L, we performed RT-
PCR. The relative expression of Fas mRNA in adipocytes from
each Pingmu Decoction group was higher than blank control
group (low: 1.37-fold increase; medium: 1.50-fold increase;
high: 1.42-fold increase), and the difference between the low
dose group and the blank group was statistical (P < 0.05).
Furthermore, the relative expression quantity of Fas L mRNA
in adipocytes from each Pingmu Decoction was higher than
blank control (P < 0.05) (low: 1.32-fold increase; medium:
1.46-fold increase; high: 1.42-fold increase) (Figure 5). There
were no significant differences in the expression of Fas or Fas
L mRNA between the Blank and Dexa groups.

3.7 Effect of Pingmu Decoction Serum on the Expression of
Fas and Fas L Protein. The protein expression of Fas and
Fas L was further assessed by Western blotting. Compared
with the blank control group, the Fas and Fas L expression
of each Pingmu Decoction group was increased statistically
(P < 0.05) (Figure 6). Among the Pingmu Decoction groups,
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the low dose group had the highest expression of Fas but
the lowest expression of Fas L, and the high dose group has
the lowest expression of Fas but the highest expression of
Fas L. There was no significant difference between the Blank
and Dexa groups. These results verify the RT-PCR results
suggesting that Pingmu Decoction may induce apoptosis of
GO adipocytes by increasing Fas/Fas L signaling but suggest
that the relationship may not be strictly dose-dependent.

3.8. Pingmu Decoction Decreases Protein Expression of Adi-
pogenic Transcription Factors. To identify the effect of
Pingmu Decoction on adipogenic transcription factors, the
protein expression of PPAR y and C/EBP « was further
assessed by Western blotting. Compared with the blank
control group, the PPAR y and C/EBP « expression of each
Pingmu Decoction group was decreased statistically (P <
0.05) (Figure 7). Among the Pingmu Decoction groups, there
was no significant difference. And also there was no signifi-
cant difference between the Blank and Dexa groups.

4. Discussion

The clinical symptoms of patients with GO are caused by
a shift in the balance between limited orbital volume and
increasing amounts of the orbital adipose tissue [15]. The
increase in orbital adipose tissue can directly increase orbital
pressure. The abnormal proliferation of orbital adipose tissue
and fat accumulation play a major role in the occurrence and
development of GO. Accordingly, the role of orbital adipose
tissue in GO has received increasing attention [16-18]. CT
examination has indicated that the increase in orbital fat
in GO is consistent with the degree of exophthalmos and
inconsistent with orbital muscle enlargement [19]. Potgieser
and others [20] have demonstrated that the increase in
extraocular muscle volume in GO is obviously lower than the
increase in orbital adipose tissue volume, and the correlation
coefficient between total orbital adipose volume and the
degree of exophthalmos is higher than the correlation coeffi-
cient between extraocular muscle volume and exophthalmos.
Kumar and others [21] found evidence of new adipose tissue
in GO patients. Furthermore, some GO patients with obvious
exophthalmos are observed to only manifest with an increase
in the retrobulbar adipose tissue, without the enlargement of
extraocular muscle. Patients with this variety of GO mainly
manifest with exophthalmos, which will affect appearance. In
this case, the patients’ total cross-sectional area of extraocular
muscle is not large [22, 23].

To examine the mechanisms of growth control in
adipocytes by Pingmu Decoction serum, we cultured
preadipocytes. Preadipocytes were shown to be cultured
successfully by the tissue explant method in this study. Cells
emerged from the adipose tissue block on the 4th day. The
primary cells were spindle shaped with oval or near-circular
nuclei, which is similar to the morphology of fibroblasts
under the microscope. The cells proliferated gradually at first
and then proliferated more rapidly after passage. We verified
the identification of human preadipocytes from the primary
culture of orbital adipose tissue by staining for Pref-1, a
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FIGURE 4: Apoptosis rates of the matured adipocytes treated with Pingmu Decoction serum. Apoptosis rates were determined by Annexin
V/PI staining and flow cytometry. Blank control group (a); Dexamethasone group (b); Pingmu Decoction low dose group (c), Pingmu
Decoction medium dose group (d); Pingmu Decoction high dose group (e). * P < 0.05 versus the blank control group (n = 3 per group).
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FIGURE 6: Effect of Pingmu Decoction serum on the expression
of Fas and Fas L protein. Protein expression was quantified by
Western blotting. Blank, blank control group; Dexa, Dexamethasone
group; Pingmu low, Pingmu Decoction low dose group; Pingmu
moderate, Pingmu Decoction medium dose group; Pingmu high,
Pingmu Decoction high dose group. P < 0.05 versus the blank
control group (n = 3 per group).
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FIGURE 7: Effect of Pingmu Decoction serum on the expression of
PPAR y and C/EBP « protein. Protein expression was quantified by
Western blotting. Blank, blank control group; Dexa, Dexamethasone
group; Pingmu low, Pingmu Decoction low dose group; Pingmu
moderate, Pingmu Decoction medium dose group; Pingmu high,
Pingmu Decoction high dose group. P < 0.05 versus the blank
control group (n = 3 per group).

marker expressed preferentially in preadipocytes, rather
than mature adipocytes. Pref-1 inhibits the differentiation
of the preadipocytes and reduces the generation of fat [24],
and glucocorticoid can promote the differentiation of the
adipocytes by inhibiting the expression of Pref-1 [25]. Our
examination revealed that Pref-1 was positively expressed in
cultured cells, which verifies that these cells were preadipo-
cytes. Oil Red O staining, a specific method for staining
lipid droplets, also was used to confirm that preadipocytes
could be differentiated into mature adipocytes, which further
validates our isolation and culture methods.

The effects of Pingmu Decoction on cell viability were
assessed by MTT assay. Our results show that the cell viability
of preadipocytes could be reduced by Pingmu Decoction
serum at low medium and high doses at 48 h, with the most
significant effects observed with the medium dose and at 96 h.
The results of flow cytometry revealed that the early and total
apoptosis rates of matured adipocytes were also increased
obviously for cells exposed to Pingmu Decoction serum (P <
0.05), with the most dramatic effects in the medium and low
dose groups. These results suggest that Pingmu Decoction
can promote the apoptosis of adipocytes from GO patients.
In these experiments, the medium dose, which was designed
to reflect the prescribed human dose, was most effective.
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However, additional experiment with a more narrow range
of doses might verify a dose-effect relationship.

We also demonstrated that Pingmu Decoction serum
mediates an increase in Fas and Fas L, which was shown
both at the level of mRNA and protein. Thus, the mechanism
by which Pingmu Decoction serum may act to promote cell
death could involve the activation of death receptor apoptosis
mediated by Fas and Fas L expression. While the current
study was limited in the availability of primary tissues,
future experimentation should be performed to investigate
the responsiveness of the primary adipocytes to Fas L, as well
as the Fas L concentration in the orbital locale of patients as
compared to healthy subjects. Pingmu Decoction reduced
lipid accumulation and downregulated the expression of
PPAR y and C/EBP «. Icariin is the main constituent of
Herba Epimedii. Han et al. found that Icariin can inhibit
the adipocyte differentiation through downregulation of the
adipogenic transcription factors [26]. Zhang et al. show that
Icariin could inhibit adipogenic differentiation of BMSCs
in the osteoblast-osteoclast coculture [27]. And Icariin can
also inhibit the adipogenic transdifferentiation of osteoblasts
[28]. However, despite experimental limitations, our study
is consistent with the possibility that Pingmu Decoction
reduces the accumulation of orbital adipocytes in the inactive
stage of GO to play a therapeutic role, and this effect is
likely to be explained by increased Fas/Fas L expression and
increased apoptosis.

In this study, we used standardized methods to produce
the Pingmu Decoction serum. Components used to make the
Pingmu Decoction were produced in factories that adhere to
TCM good manufacturing practice. Additionally, our proto-
cols followed methods that are used in clinical application as
described in the Pharmacology and Pharmacological Experi-
ments with Traditional Chinese Medicine [29]. However, as for
any form of herbal medicine, batches of Pingmu Decoction
may vary according to the source. For this reason, future
studies should be done to verify the findings using Pingmu
Decoction from other sources.

5. Conclusion

Our results show that Pingmu Decoction can reduce the cell
viability of orbital preadipocytes and inhibit their differen-
tiation into adipocytes. This effect may be mediated by the
activation of Fas and Fas L by the death signaling pathway to
promote the apoptosis of matured adipocytes. These results
suggest a therapeutic mechanism for Pingmu Decoction in
reducing the accumulation of orbital adipocytes in GO.
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