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Preventive effects of Polygonum multiflorum on
glucocorticoid-induced osteoporosis in rats
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Abstract. In Traditional Chinese Medicine, Polyg-
onum multiflorum (PM) is known for its anti-aging properties.
A previous study by our group showed that extracts of PM
were able to prevent and treat bone loss in vivo, and the active
components emodin and 2,3,5.4,-tetrahydroxystilbene-2-O-f3
-glucoside (TSG) promoted the osteogenic differentiation of
mesenchymal stem cells in vitro. The aim of the present study
was to investigate the preventive effects of PM on glucocorti-
coid-induced osteoporosis (GIO) in rats. A crude extract of PM
was prepared with 75% ethanol, purified and enriched using
a D-101 macroresin column and elution with 30% ethanol,
and the material obtained was assessed by high-performance
liquid chromatography. Male or female Sprague Dawley rats
(n=180) were randomly divided into nine groups: Control,
prednisone, prednisone plus calcitriol (CAL), prednisone plus
30% ethanolic eluate of PM [high (H), medium (M) and low
(L) dose] and prednisone plus crude extract of PM (H,M and L
dose). Prednisone was orally administered to the osteoporosis
model rats for 21 weeks, alongside which they received PM
extracts. The weight of the viscera, anterior tibial muscle and
other tissues was recorded at the end of the experiment. The
femur and lumbar vertebra were collected for the measurement
of three-dimensional microarchitecture by micro-computed
tomography scanning, assessment of biomechanical properties
and determination of bone mineral density (BMD). In the 30%
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ethanolic eluate of the PM extract, the content of TSG and
combined anthraquinone was 9.20 and 0.15%, respectively, and
that in the crude extract of PM was 2.23 and 0.03%, respec-
tively. Over 6 weeks, the weight of the rats the in prednisone
group decreased (P<0.05), while the weight of rats treated
with M and H doses of 30% ethanolic eluate was increased
compared with that in the prednisone group (P<0.05). Rats
exposed to prednisone exhibited a deteriorated bone micro-
architecture, low BMD, decreased bone volume/total volume
and poor biomechanical properties. Furthermore, the weight of
the adrenal gland and the anterior tibial muscle was decreased.
30% ethanolic eluate of PM at M and L doses and crude extract
of PM at the H dose counteracted the alterations of skeletal
and other characteristics induced by prednisone in rats, as did
CAL. In conclusion, extracts of PM exerted a protective effect
on bone tissue in GIO rats.

Introduction

Glucocorticoids (GCs) are widely used in chronic inflam-
matory and autoimmune diseases (1-4). However, long-term
excessive administration of GCs elicits significant bone
loss (5,6) resulting in severe fracture of various bones in
30-50% of patients (7-10). GC-induced osteoporosis (GIO) is
one of side effects of GCs, which contributes to an increase of
morbidity and mortality (11). Measures of prevention and treat-
ment of GIO should be taken for patients receiving GCs (8).
While this deleterious effect of GCs has become increasingly
known over previous decades, GIO remains under-treated in
patients receiving GCs (12). Patients exposed to GCs for a long
period of time (=6 months) should take anti-osteoporotic drugs
in order to prevent GIO (3). In addition, the major cause of
GIO is considered to be impairment of bone formation (13,14).
Although parathyroid hormone as an approved anabolic agent
is thought to be a beneficial therapy for the prevention and/or
treatment of GIO, its clinical usage is limited due to its high
cost (15). Therefore, there is an urgent requirement for the
development of medications for the prevention and treatment
of GIO (16-18).

The dried roots of Polygonum multiflorum Thunb (PM), a
medicinal herb, have been widely used in Traditional Chinese
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Medicine for thousands of years. A previous study by our group
showed that extracts of PM prevented and recovered bone loss
in ovariectomized rats (19), which has been patented (20).
Further studies by our group revealed the effects of the major
active components of PM, such as emodin and 2,3,5,4"-tetrahy
droxystilbene-2-0O-p-glucoside (TSG), on osteogenic differen-
tiation and bone formation (21,22). Subsequent studies by our
group showed that emodin and TSG promote the osteogenic
differentiation of mesenchymal stem cells and the underlying
mechanism involves the regulation of the Wnt signaling
pathway (23,24). Whether PM has a preventive effect on GIO
has remained elusive. Based on the abovementioned studies,
the present study aimed to investigate the content of TSG (%)
and combined anthraquinone (CAQ) (%) in various extracts of
PM, and to assess the effects of PM on bone mass, architecture
and biomechanical properties in GIO rats.

Materials and methods

Preparation of the extracts. PM was purchased from Yulin
Xiang Sheng Chinese Herbal Medicine Co., Ltd. (Nanyang,
China) and characterised by Professor Yuyu Liu at the Depart-
ment of Pharmacology of Guangdong Medical University
(Zhanjiang, China). A voucher specimen was deposited at the
herbarium of Guangdong Key Laboratory for Research and
Development of Natural Drugs, Guangdong Medical Univer-
sity (Zhanjiang, China). The plant material was air-dried indoor
at room temperature. Air-dried roots of PM (56.0 kg) were
extracted with 75% ethanol at 55°C for 4 h, followed by rinsing
with cyclohexane. A crude extract of the PM (9.25 kg) was
acquired by evaporation of the organic solvent under reduced
pressure at 55°C. The PM extract (2 kg) was dissolved in water
and loaded onto a D-101 macroresin (Shaanxi Lanshen Special
Resin Co., Ltd., Xian, China) column (80x1,200 mm), and then
successively eluted with H,O as well as 10, 20, 30, 40, 50, 60,
70, 80 and 90% ethanol. According to preliminary results on
the bioactivity of the extracts, the 30% ethanolic eluate of PM
showed the highest potency in promoting the differentiation of
cultured osteoblasts.

Preparation of standard and sample solutions for high-perfor-
mance liquid chromatography (HPLC) examination.
Reference compounds of TSG, emodin and physcion were
purchased from the National Institute for Food and Drug
Control of China (batch nos. 110844-201411, 110756-200110
and 110758-201415, respectively). The three reference
compounds were accurately weighed and then dissolved in
70% methanol to produce standard solutions. Each powdered
sample of 0.5 g was refluxed using 50 ml 70% methanol in a
water bath for 60 min. The supernatant was used as test solu-
tion A for TSG and free anthraquinone (FAQ). Test solution
A (10 ml) together with 1.5 ml 36% hydrochloric acid was
refluxed in a water bath for 60 min and then transferred to a
25-ml volumetric flask, diluted with 70% methanol to volume
and mixed well. The supernatant of this prepared solution was
used as test solution B to determine total anthraquinone (TAQ)
content. The CAQ content was calculated as follows: Content
of CAQ=content of TAQ-content of FAQ (25). CAQ was
calculated as the total amount of physcion and emodin. Stan-
dard sample and test solutions A and B were filtered through
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0.45-um membranes separately, and 10 ul of each standard and
sample solution was analyzed by HPLC 6 times. The contents
of TSG and CAQ in the PM extracts were measured by HPLC
on a Syncronis C18 column (250x4.6 mm) on an Agilent 1200
HPLC system (Agilent Technologies, Santa Clara, CA, USA).
The data were obtained under the following HPLC condi-
tions: Flow rate, 1.00 ml/min; injection volume, 10 pl; column
temperature, 25°C; mobile phase A, MeOH and B, H,O with
0.1% phosphoric acid; elution program: Linear gradient from
10-30% A over 20 min, to 50% A over 20 min, to 85% A over
20 min, to 100% A over 20 min, which was then maintained
for 20 min; detection wavelength, 320 nm for TSG and 254 nm
for physcion and emodin.

Animal experiment. The study was approved by the
Academic Committee on the Ethics of Animal Experiments
of Guangdong Medical College [Zhanjiang, China; permit
no. SCXK (Guangdong) 2008-0008]. All animals were
treated in accordance with the Guidelines and Regulations
for the Use and Care of Laboratory Animals of Guangdong
Laboratory Animal Monitoring Institute under the National
Laboratory Animal Monitoring Institute of China. Male and
female Sprague Dawley rats (age, 6 months; weight, 190-230
g; n=180) were randomly divided into eighteen cages at the
Animal Center of Guangdong Medical University (Zhanjiang,
China) and acclimatized for two weeks at 24-28°C and 50-60%
humidity. At the beginning of the study the weight of the
female rats was 200+20 g, and the weight of the male rats was
220+20 g. The rats were randomly divided into nine groups:
Control (normal saline), prednisone (6 mg/kg/day), prednisone
(6 mg/kg/day) plus calcitriol (CAL; 0.045 ug/kg/day), predni-
sone (6 mg/kg/day) plus 30% ethanolic eluate of PM at a high
(H), medium (M) or low (L) dose (400, 200 or 100 mg/kg/day,
respectively) or prednisone (6 mg/kg/day) plus crude extract of
PM at a high (H), medium (M) or low (L) dose (400, 200 or
100 mg/kg/day, respectively). Rats were administered predni-
sone for 21 weeks per oral gavage as a GIO model. Furthermore,
the extracts mentioned above were administered to rats by oral
gavage exposed to prednisone, Prednisone was administered
in the afternoon, while the extracts were administered in the
morning. Changes in body weight were monitored every week.
The weight of the viscera, anterior tibial muscle and other
tissues were recorded at the end of the experiment (21 weeks).
The femur and lumbar vertebrae (LV) were collected for the
measurement of the three-dimensional (3D) microarchitecture
via micro-computed tomography (micro-CT) scanning as
well as determination of biomechanical properties and bone
mineral density (BMD) (26).

Micro-CT examination. The right femur and the fourth LV
(LV,) were dissected from the residual muscle and secured
in a sample holder, and micro-CT imaging was performed
on a SCANCO VivaCT 40 (Scanco Medical, Zurich, Swit-
zerland) (27). Samples were acquired with 1,000 projections
for 2,048 samples each, reconstruction of 2,048x2,048 pixels,
integration time 8 of 200 msec, an energy of 70 kVp, a current
of 114 mA and a diameter of 38.9 mm. Each measurement
included 530 slices corresponding to a 9.50-mm thick
cross-section of the forearm. The values for the lower and
upper threshold were set as 170/1,000 and 220/1,000 in male
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and female rats, respectively. The regions of interest of femoral
cancellous were selected for analysis. Using the cross-sectional
images from micro-CT scanning, longitudinal analysis of
the distal femur excluding the cortical bone was performed
in the measurement area between 1 and 4 mm distal to the
growth plate-metaphysis junction (28-30). As for the LV,, the
trabecular bone region was outlined for each micro-CT slice,
excluding the cranial and caudal endplate regions at 1 mm
from the growth plate-metaphysis junction (31). 3D images
were obtained for visualization. Bone volume/total volume
(BV/TV), structure model index (SMI), trabecular number
(Tb.N), trabecular separation (Tb.Sp), trabecular thickness
(Tb.Th), H-h, B-b, BMD and density at the bone tissuses
were measured (Fig. 1). All of the micro-CT analyses were
performed using the Scanco micro-CT software analyzing
system (Scanco Medical; v. 2013).

Assessment of BMD. The right femur and the LV, were removed
and the residual muscle was dissected. For maintaining mois-
ture, samples were wrapped with saline-saturated gauze and
stored at -20°C (32). BMD was measured by dual-energy X-ray
absorptiometry (Discovery Wi; Hologic, Inc., Bedford, MA,
USA).

Determination of biomechanical properties. The right femurs
were obtained and their bone mechanical properties were
determined through three-point bending (33). The upper and
lower sides of the cartilage of the LV were rubbed off and
the LVy was used to measure the bone mechanical properties
through compressing. An MTS Mini Bionix testing system
(Mini Bionix858, MTS, USA) was used for the measure-
ments (32). Samples were tested with a 15-mm span at a speed
of 0.01 mm/sec. Load-displacement curves were plotted. The
output parameters included elastic load (N), maximum load
(N), break load (N) and stiffness (N/mm).

Statistical analysis. Values are expressed as the mean + stan-
dard deviation. Statistical analyses were performed with SPSS
version 22.0 (IBM SPSS, Armonk, NY, USA). One-way anal-
ysis of variance was used to detect the differences in changes
between the groups of various treatments after establishing
that the data were normally distributed as well as equivalency
of variances. P<0.05 was considered to indicate a statistically
significant difference.

Results

Content of TSG (%) and CAQ (%) in the PM extracts. Based
on the analytical method mentioned above, TSG, emodin and
physcion were well separated in the HPLC chromatograms
(Figs. 2 and 3). The contents of the 30% ethanolic eluate and
the crude extract of PM were analysed from data obtained
from triplicate experiments. For quantitative determination of
TSG and CAQ in the PM extracts, TSG solutions at concentra-
tions ranging from 0.625 to 20 pg/ml were injected and the
regression equation was determined to be y=68.514x + 35.168,
r=0.9998. The solution for emodin was used at concentrations
ranging from 1.25 to 20 ug/ml. Physcion was determined
by injecting five concentrations ranging from 5 to 80 pg/ml.
In the 30% ethanolic eluent of PM, the content of TSG was
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9.20+1.18% and that of CAQ was 0.15+1.08%, and in the crude
extract of PM, the content of TSG was 2.23+1.26% and that of
CAQ was 0.03+1.32% (Table I, Figs. 2 and 3).

Effects of PM on alterations of body and vital organ weight.
Alterations in the body weight of rats were not significantly
different between any of the groups during the initial stage of
the experiment, while the weight of rats in the prednisone group
decreased significantly in the fourth week compared with that
in the control group (P<0.05; Figs. 4 and 5). Conversely, the
body weight of rats in the 30% ethanolic eluate of PM (M) and
crude extract of PM (H) groups was increased compared with
that in the prednisone group (P<0.05). Of note, the weight of
adrenal gland, liver, tibialis anterior muscle, ovaries and uterus
in the prednisone group was also decreased compared with
that in the control group (P<0.05). Compared with that in the
prednisone group, the weight of the thymus of male rats and
the weight of the ovaries in female rats was increased in the
CAL group (P<0.05). The weight of body, thymus and tibialis
anterior muscle in male and female rats as well as that of the
ovaries increased in the 30% ethanolic eluate of PM (M) and
crude extract of PM (H) groups compared with that in the
prednisone group (P<0.05; Tables IT and III).

Detection of 2D images. According to 2D reconstruction
images of sagittal sections of the right femur and the LV, of
rats in the prednisone group, the microarchitecture of bone
trabecula showed an irregular and smaller shape compared
with that in the control group. Contrarily, the microarchitec-
ture of the bone trabecula of rats in the CAL group, the 30%
ethanolic eluate of PM (M, L) and the crude extract of PM
(H, M) groups exhibited a more regular shape than those in
the prednisone group. Based on evidence from coronal section
images, the density of the bone trabeculae had decreased in
the prednisone group, which was partly recovered in the CAL,
30% ethanolic eluent of PM (M, L) and crude extract of PM (H,
M) groups. As shown in the cross section images, the thickness
of the conical bone in these groups was also higher than that in
the prednisone group (Figs. 6-9 and Tables IV-VII).

Analysis of 3D reconstruction images. After the microar-
chitecture of the bone trabecula was observed in the 2D
reconstructed images, 3D reconstructed images of the right
femur and the LV, were generated for each group of rats
(Figs. 10-13). The segmentation (SEG) images showed a
regular shape, uniform thickness and dense arrangement of
bone trabecula in the control group. By comparison, in the
prednisone group, irregular shapes, reduced thickness and
only a scattered abundance of bone trabecula was identified. In
the CAL group, 30% ethanolic eluate of PM (M, L) and crude
extract of PM (H, M) groups, a reduced destruction of bone
microarchitecture was shown compared to that in the pred-
nisone group (Figs. 10-13). Separation (SP) images revealed
that the red, orange and yellow areas were larger, particularly
the red area in the prednisone group compared with that in
the control group. It was indicated that SP was increased
and the distance of bone trabecula had become larger. In the
CAL, 30% ethanolic eluate of PM (M, L) and crude extract
of PM (H) groups, the green area was larger than that in
the prednisone group, wile the red, orange and yellow areas
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Table I. Content of TSG and CAQ in the extracts prepared (%).
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Group TSG FAQ TAQ CAQ=TAQ-FAQ
30% ethanol eluate of PM 9.20+1.08 0.19+1.08 0.34+1.08 0.15+1.08
Crude PM extract 2234126 0.11+1.32 0.14+1.32 0.03+1.32

PM, Polygonum multiflorum; TSG, 2, 3, 5, 4'-tetrahydroxystilbene-2-O-f-glucoside; CAQ, combined anthraquinone; TAQ, total anthraqui-

none; FAQ, free anthraquinone.

were smaller. It was indicated that the distance between bone
trabecula had become shorter in these groups compared with
that in the prednisone group. In the thickness (TH) images,
the green area in the prednisone group had become more lager
compared with that in the control group, while the red, orange
and yellow areas had decreased in female rats compared those
in the control group, indicating that the thickness of bone
trabecula had decreased (Fig. 11). It was found that the area
of red, orange and yellow in the CAL, 30% ethanolic eluate
of PM (M, L) and crude extract of PM (H, M, L) groups was
larger compared with that in the prednisone group, indicating
that the thickness of bone trabecula was increased; however,
this phenomenon was not obvious in the femurs of male rats
(Fig. 10).

Effects of PM on bone microarchitecture. The present study
assessed the microarchitecture of bone trabecula in the
sagittal section images, the density of bone trabeculae in the
coronal section images and the thickness of conical bone
in the cross sectional images. At the same time, the present
study observed the thickness of bone trabecula in TH images,
separation of bone trabecula in SP images and BV/TV of bone
trabecula in SEG images. According to measurements of the
right femur and the LV, by 3D reconstruction, the parameters
of bone microarchitecture were calculated for the analysis
of the alterations of bone mass and structural characteris-
tics. As shown in Tables IV-VII, BV/TV and density in the
prednisone group were obviously damaged compared with
those in the control group (P<0.05), while CAL significantly
counteracted the deteriorating influence of prednisone on
the bone tissue microarchitecture. 30% ethanolic eluate of
PM (M, L) and crude extract of the (H) also significantly
improved the bone microstructure by increasing the BV/TV
of the femur compared with that in the prednisone group
(P<0.05), but not to the same extent as CAL. 30% ethanolic
eluate of PM (M, L) and crude extract of PM (H, M, L) were
shown to improve the bone microstructure by increasing the
BV/TV of LV, compared with that in the prednisone group
(P<0.05).

Effects of PM on BMD. Compared with the control group, the
BMD of the distal femur and LV, in male rats of the predni-
sone group was significantly decreased (P<0.05), while this
was not found in female rats. Compared with the prednisone
group, CAL significantly improved the BMD of the distal
femur of all rats and the BMD of LV, of male rats. Although
the other administration groups showed no significant differ-
ences in BMD compared to that in the prednisone group, a

Figure 1. Cross-sectional diagram of the femur.

trend towards increased BMD was observed in female and
male groups (Tables VIII and IX).

Effects of PM on biomechanical properties.In the prednisone
group, biomechanical properties of femur and LV were found
to be deteriorated, as evidenced by a decreased maximum
load compared with that in the control group of male and
female rats. CAL significantly improved the biomechanical
properties of elastic load of femur and stiffness compared
with those in the prednisone group (P<0.05). The biome-
chanical properties of elastic load and stiffness of femur
and LV, were significantly increased by the crude extract of
PM (H; P<0.05). The effects of 30% ethanolic eluate of PM
(M, L) and crude extract of PM (H) were not statistically
significant, while there was a trend toward increased biome-
chanical function of femur and LV; in female and male rats
(Tables X and XI).

Discussion

An increasing number of clinical studies have evidenced the
deleterious effect of GC on skeletal tissue, contributing to the
development and progession of osteoporosis. The present study
demonstrated that GC exerts a series of deleterious actions on
bone tissue in male as well as female rats. A previous study by
our group has demonstrated that extracts of PM exert a preven-
tive effect on the bones of rats with ovariectomy-induced
osteoporosis (19). The present study demonstrated that extracts
of PM have a protective effect on BMD, bone mass, bone
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Figure 2. High-performance liquid chromatograms of standards and samples of Polygonum multifiorum. (A) Standard solution of 2,3,5.4'-tetrahydroxystilben

e-2-0-p-glucoside; (B) sample solution of Polygonum multiflorum.
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Figure 3. High-performance liquid chromatograms of standards and samples of Polygonum multiflorum. (A) Standard solution of emodin; (B) standard

solution of physcion; (C) sample solution. Peaks: 1, emodin; 2, physcion.

microarchitecture and bone strength in rats exposed to pred-
nisone, indicating that PM has therapeutic potential in GIO.
Glucocorticoids are effective anti-inflammatory and
immunomodulatory agents, which secondarily contribute
to dysfunction of bone metabolism, increases of bone
fragility and the ultimate consequence of bone fractures (2).
According to the results of the present study the BV/TV, a
significant skeletal parameter, was decreased in the distal
femur and LV,, suggesting an obvious reduction in the
content of the relative volume fraction of cancellous bone
in bone tissue of rats treated with prednisone. Accordingly,
the alterations in the trabecular architecture of the skeleton

also consolidated the deleterious action of GC in terms of the
direct visual method of 3D SEG imaging (34). The present
study found that abnormal bone microstructure as well as
a decrease in BMD and biomechanical properties were
accompanied with weight loss of body, skeletal muscle and
immune organs in rats treated with prednisone. The possible
mechanisms of GIO are increased apoptosis of osteoblasts
and mature osteocytes via activation of caspase 3 (35-37).
In addition, GC-induced repression of bone morphogenetic
protein-2 and expression of core binding factor al, an
osteoblast-specific gene, which is a critical factor for osteo-
blastogenesis and osteocalcin, may lead to reduced osteoblast
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Figure 4. Changes in the weight in male rats in different groups over an administration period of 21 weeks. “P<0.05 vs. CON; °P<0.05 CAL vs. Pred; °P<0.05
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extract of PM (H) vs. Pred; 2P<0.05 crude extract of PM (M) vs. Pred; "P<0.05 crude extract of PM (L) vs. Pred. Pred, prednisone; PM, Polygonum multiflorum;,

H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.
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Figure 5. Changes in the weight of the female rats in different groups over the administration period (21 weeks). “P<0.05 vs. CON; "P<0.05 CAL vs. Pred,;
°P<0.05 30% ethanolic eluate of PM (H) vs. Pred; “P<0.05 30% ethanolic eluate of PM (M) vs. Pred; °P<0.05 30% ethanolic eluate of PM (L) vs. Pred; fP<0.05
crude extract of PM (H) vs. Pred; ®P<0.05 crude extract of PM (M) vs. Pred; "P<0.05 crude extract of PM (L) vs. Pred. Pred, prednisone; PM, Polygonum
multiflorum; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

proliferation and differentiation (35,38). Studies have shown
that GCs stimulate bone resorption, which may be associated
with the stimulation of osteoclast differentiation and
their capacity to bind to the bone surface by altering the expres-
sion of N-acetylglucosamine and N-acetylgalactosamine (35).

PM is of high medical value in Traditional Chinese
Medicine (39). It has been reported that a PM decoction and

aqueous extracts of PM have preventive effects on bone loss
in ovariectomized rats by inhibiting bone resorption (19).
However, the preventive effect of PM on bone loss in rats
with prednisone-induced osteoporosis has remained to be
elucidated. To the best of our knowledge, the present study
was the first to show that extracts of PM, whose major active
components are TSG and CAQ, are able to reduce bone loss
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A Sagittal section
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C Cross section

olofofolofo]o]ofo

Figure 6. Two-dimensional images of the right femurs of male rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day);
3, Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose;
200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of
PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, x12. Pred, prednisone; PM, Polygonum multiflorum.

A Sagittal section

C Cross section
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Figure 7. Two-dimensional images of the right femurs of female rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day);
3, Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose;
200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of
PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, x12. Pred, prednisone; PM, Polygonum multiflorum.

in prednisone-induced rats. It was shown that the content
of TSG and CAQ in the 30% ethanolic eluate of PM was
higher than that in the crude extract of the PM. It has been
previously reported that herbal samples a higher content of
TSG and CAQ contain greater amounts of the pharmaco-
logically active components of PM and are of better quality
regarding clinical application (25). In the present study, HPLC
was a convenient and effective approach to assess the quality
of PM. The results showed that this method has a good repro-
ducibility with a relative standard deviation of <2.0%.

The present study investigated the preventive effects of
PM on prednisone-induced bone loss through assessing BMD,
biomechanical properties and microstructure. In the 30% etha-
nolic eluate of PM (M, L) and crude extract of PM (H) groups,
bone microarchitecture was improved,and BMD, biomechanical
properties and the weight of thymus and ovaries were increased
compared to those in the prednisone group, therefore producing
an inhibitory effect on GIO, which was, however, not as high
as that of CAL. It was also shown that the differences between
the 30% ethanolic eluate of PM (H) group and the prednisone
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Figure 8. Two-dimensional images of the LV, in male rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3,
Pred + calcitriol (0.045 pug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose;
200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of
PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, x12. Pred, prednisone; PM, Polygonum multiflorum.

A Sagittal section

B

Figure 9. Two-dimensional images of the LV, in female rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3,
Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose;
200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of
PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Pred, prednisone; PM, Polygonum multiflorum.

group were not statistically significant. According to previous
studies, the anti-osteoporosis effects of PM may be associated
with the following mechanisms (19,40,41): i) Improved activity
of la-hydroxylase, increased content of calcium, phosphorus
and hydroxyproline in bone tissue and reduced bone loss
by activating alkaline phosphatase. ii) Increased content of
malondialdehyde by activation of superoxide dismutase and
anti-oxidant enzymes to prevent aging. iii) Improved kidney
morphology with reduction of glomerular and tubular fibrosis.
iv) TSG is a plant-derived estrogen with bioactivity, which may

be used for estrogen replacement therapy. Therefore, PM may
be considered as an ideal candidate for the prevention and treat-
ment of GIO due to being economical, convenient and having a
high clinical value.

Of note, the present study found that female rats may be
more sensitive to prednisone treatment by gavage for 21 weeks
than male rats to establish a model of osteoporosis. This was
mainly evidenced by the destruction of the bone microarchi-
tecture (BV/TV), which decreased by 28.6 and 14.0% in the
femur and LV,, respectively, in male rats, while decreasing by



ZHOU et al: PREVENTIVE EFFECTS OF PM ON GIO

2454

“ORUOd NOD ‘[OMIONRd “ TV

£9SOP MOJ T $9SOp WINIPAW ‘JA $9sop Y31y ‘Y ‘wniopfiypnu wnuodfjoqd ‘INd Quostupaid ‘paid (A)sudp [erourw duoq ‘(A SSoudOIy) Je[noaqen ‘yr qJ, ‘uoneredss reinoaqen ‘dg q, (roquunu Jenodqen
‘N'QL $XOpul [9pOowW AIONys ‘[IA[S QWNJOA [£10}/AWN[OA U] ‘A T/AL “TVD “SA SO'0>ds “10°0>dp PRI “SA SO'0>ds “10°0>dq :NOD "SA [0 0>d. UOURIAIDP PIRPURIS F UBSW Y] SB pIssalidxd e sanfep

28L'TSFIC LT 80°0F1€0 +10°0¥80°0 [60F0S°E  palI'0F68°0  LOOFS6'0 0L 0F60T CTOEEEFPLIL  -LO0F61°0 (1) 19BNX3 N pnId+paid

¥ 1HF01° €6 60'0F62°0 #10°0FL00 160FISE  pCl'0F980 OI'0FL6O oV O0FOTT  9SETFETES  SO0F61°0 (IN) 1081%3 A SpnId+paid
ST LSFTOEIE LO'0FSTO +10°0¥80°0 66'0F6TY  pal0'0FIS0 »0I'0FO6'0 IS O0FOI'T PP EVFLL66  -60'0FIT0 (H) 1081X3 N 9pnId+paid
STEVIFLOOLE 1107620 a10°0F80°0 0TIFT6E  p900FSS0 »Q00FI60  -680FC6'T  IFTHFET68  -60°0¥CC0 (1) I JO d1en[d [OURYId 9%()¢+Paid

69 TLFYE YOS €1°0F0€0 a10°0F80°0 PITFESE 59007880  0I'0FL80 SO TFLOT vV SEFST08  HIT'OFITO  (JA) IN JO 1en(d [ouryld 9%(0¢+paid
SIS SSFYLILT TI0FEE0 p100FLO0 CUTFOYE  p80°0F6L'0  p80°0FC080 p9S0FRET  OL9EFOI'LL  pLOOFII'0  (H) INd JO S1Bn[d [OUBYIR %(¢+PRId
08 18F9L°8€E LOOFHT 0 a0 07600 SOTFSEY  IT'OFHO T oLOOFEOT  oSTIFLTT 9L 6TF61'S6  o£10FLTO TVO+PaId
€ LYFTY1ST IT°0FEE0 :10°0%90°0 JOTFIVE 60 0FIL0  600F6L°0  «ISOFIST oLV SEFIS6S  +SO0OFCI0 paid

€0'LEFES SEE ¥0'0F€T0 10°0¥80°0 89'0FSH't 80°0F86'0  SO'0FTO'T YSOFIOT 9T ETFSLTIT  90°0¥STO NOD
(uosw) qag  (wwy)dsqr  (wwyy) yrqr (wuyp) NqL (ww)q-g (ww) y-H INS Aysuag (%) AL/AY dnoip

*$JBI Q[BWIQJ UT 9INJOIIYDILOIOIUI QUO] JNWRJ [BISIP UO A J JO SIOH A J[qeL

“[OIU0D ‘N QD <[OLIId[RD “ TV 9SOp

MO ‘T £9SOp WNIPaW ‘JA $sop Y31y ‘Y ‘wnopiypnus wnuos{jod ‘INd ‘ouostupald ‘paid (K)sudp [eIour ouoq ‘NG ¢SSouyoyl Je[noaqen ‘Y qJ, ‘uoneredss remnooqen ‘dg q, (roquunu Jenoaqen) ‘N'qlL
£Xopul [9POW AINIONNS ‘[AS QWNJOA [BI01/QWN[OA dUOq ‘A L/AL "IV "SA SO'0>d, ‘10°0>ds PRI “SA SO'0>dp ‘10 0>ds> *NOD “SA 10'0>dq SO 0>d: "UOIIBIASD PIEPURIS F UBIW 9Y) SB Passaldxa aIe sonfep

€0 Iy FrL vl ,ST0F610 10°0%60°0 219°0+0€°C IT0F160 O0I'0FI60  €V0F99' 1 €6 TIF90°9S SO0F61°0 (1) 10e0X3 N 9pnId+paid
JOL'YSFEREE] JT0FIS0 10°0%60°0 OF 0FET'C p60'0FE6'0  80°0FF6'0  6S0FEL'T  6TEIFLYLY  LOOF8I0 (IN) 19B0X3 JNJ 9pnId+paid
89 SIFVL 0S1 pP '0FSY0 10°0+80°0 pIL'0FSSC H600FC0 T .C00F06'0  STOFOST  HITEIFEICY  CO0F6I0 (H) 10eNX3 N 9pnio+pald
pLO' 8YFIO 191 90'0FLY'0 10°0¥60°0 (L 0FIET D0 0FIOT  FOOFI60 99 0F6€ T 1506’ TIFLOYS — »LOOFITO (D) INd JO en|d [oueyId %0¢+Pa1d
OL SEFLTTLI p80°0F9Y'0 1007600 J6C°0FLET SO0FLEO  80'0FE6'0  pISOFLET SBL'6FPL'8S  5SO0FTCT0O () N JO 1en[d [OUBYIS %0¢+P31d
OV TrFCS Sl J0T°0F61°0 10°0+80°0 AP 0FCTC p80'0FE6'0  LIT'0FO06'0  PFOFEL'T 8 TIFVOTS SO0FSI'0  (H) I JO en[a [oueyld 9% (g+paid
W 0SFI0'8LI LE1°0FLED 10°0%60°0 28 0FP0'€ SO0FLOEO  -600F76°0  LSOFYST  LIP9IFE099  -,80°0FCC0 TVO+pald
GE8EFBIOII CI'0+86°0 10°0+80°0 90768  (#80°0FE8'0 o80°0FELO  TYOF96'1 0T8FSTOE YO OFST0 paid
6 0eF0V SC1 Y1'0¥F8¥'0 1007600 IS0FrEC oIl €I'0Fr0' T S6COFVSI €S'6F81°9¢  vOOFITO NOD
(quo/Sw) g (wuyp) dg'qr  (wuwyp) yrqr  (wuyp) N'qL  (ww) g-g (ww) y-H INS Kysuaq (%) AL/AD dnorp

‘Sjel orell Ul 2In)33IYDIBOIOTIT U0 InWIJ [BISIP UO JA JO S109JJH "Al 2[9el



2455

EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 2445-2460, 2017

“[ONU0D ‘N O <[OLNIO[RD TV 9SOp MO[

¢ £9SOp WwINIpawW ‘A $9sop Y31y ‘Y ‘wn.Loyinu wnuod£jog ‘JNd Quostupaid ‘paid (K)Sudp [eIoUIW dUoq ‘A SSOUNOIY) Je[nodqen ‘Y1 ql, ‘uoneredas renoaqen ‘dg qJ, (roquunu Je[nodqers ‘N'qJ, <xopul
[opOW AIMONYS ‘TS $QWN[OA [B10)/QWN[OA dUOq ‘A I/AL "PAId “SA SO'0>d; < IV "SA SO'0>d> “10°0>dp ‘P “SA 10 0>d> NOD “SA SO'0>dq  10°0>d. "UOLIBIASD PIBPUR]S F URIW ) SB pIssaldxd dre san[ep

9€ 17769 88€ 00790 -10°0F01°0 0T 0F+6'€ 169 0FTH 0 S6'CIFL9'89 »£0°0FLEO (1) 100X N 9pnIo+paid
9€ LEF]Y 68€ TO0FSTO »10°0F01°0 JLTOFLOY 66" 0F0T 0~ 09 "LIF68'SL 290 0FLE 0 (JN) 10BDX3 NJ 9pNnId+paid
05 SEF89'86€ -C0'0FHT 0 -L0°0F01°0 SCE0FST Y 78 0F9T 0~ pCL9TFIT T8 -S0'0F8¢°0 (H) 1080%3 ] 9pnId+paid
1€ €SFS0 801 £0°0FHT 0 SI00FIT°0 OF 0F81'H HETFLY O 6T €1FS9'0L 60" 0F0F 0 ("D N O dyen[a [OUBYIR 9% 0¢+PRAId
61°9SF61° 10% £0°0FHT 0 SLOOFIT0 S0F 0FET T S IFST 0 SLYIFOV €L 260" 0F6£°0 (IN) A JO 9¥en(d [OUBYIR %(¢+PAId
81" LYFES S9E €0'0¥97°0 »10°0F0I°0 It 0Fele ¢ 28T TF6T0 IS TIF6V €L 80 0FEE0 (H) N Jo d1ena [OuByld %0¢+Pa1d
SCL 6VF99' 0T £0°0FFT 0 SIO0FIT0 IV OFITY 9E TFIT 1~ 10VIFCS 19 80°0F€H'0 TVO+pRId
W9 YSFLY LTE £0'0F8C 0 :010'0F80°0 aIS0FT0L € SO TFYL 0 8C 1TF6Y SL 60" 0FLT 0 paid

L6'SEFST 18E T00FSTO T0°0FIT°0 8T OFET + 68 0F10°0- €Y 6F61 SL 90 0FLE 0 NOD
(;uo/3w) QNG (wuy/7) dS'qL, (wwyT) 4rqL (wwyT) N'qL NS Kysuag %IALIAL dnoxp

“$JBI Q[RWIRJ UT 9INJOIIYDILOIOTW dU0q "AT U0 JAJ JO SY0HH "TIA °I9BL

‘101u0d

‘NOD {[OLIIO[BD TV $9SOP MO] T $9SOp WINIPAW ‘A $9S0p Y31 ‘Y ‘wn.opipnut wnuodSjod ‘INd ouostupaid ‘paid ¢AJIsuop [elouru auoq ‘(TN ¢SSoudoIyl Je[noaqes ‘Y qJ, ‘uoneredos remnooqen ‘dg qJ,
£19quInu IB[NOdqeI ‘N'q], {Xopul [9pOW 2IMONS ‘[IAIS ‘QWN[OA [BJ0)/AWN[OA dU0q ‘A I/AL "PId SA SO'0>dp ‘10°0>d> NOD “SA 10°0>dq ‘SO"0>d. "UONRIASD PIBPUE]S F UBIW A} Sk passaldxa aIe san[ep

oL I'OVFST SOE o€0'0FHT 0 10°0F11°0 €€ 0FLO'E SO'IF6T 1- £1'6¥96 61 $80'0FH 0 (1) 19e1Xa N 9pnI+palg
»8% LIFRT90€ »00 OFHT0 pL0'0FCL0 9T 0F16°€ b€V OFEE 1~ € 87T 8P b€0'0FHH 0 (IN) 19e1X JNd 9pnI+pald
LT 8EFH'91E £0'0FET0 p100FT1°0 OF 0FLOY $06'0F0S' 1~ €L'91789°CS 90'0FSH 0 (H) 19B0%2 Nd dpnio+paid
LT THFI101€ p€0'0FHT 0 SL00FTI0 $0E 0FT6'€ $6'0%8T I- LE8FOL'9F oLO'OFH 0 (D) N JO d1en[d [OUBYID %0E+PAId
$09'67F90'90€ 100FHT0 10°0F11°0 E10FL6'E p€9'OFHE 1~ SOPIFLE TS »S0'0FHH 0 (IN) N JO 21en[d [OUBYID %0E+PAId
pSSPEFEG 10E p10'0FHT 0 10°0F11°0 $60'0FH6'€ £80FET1- WEIFLYTS $90'0FEL 0 (H) d JO d1en[d [oUB 95(0€+Paid
61 PEFELETE 20 07T 0 SL00FTI0 £TOFSI'Y 160161~ 0T IF0L 08 90 0810 TVO+paId

TE9EFTIIT 0 OFLT 0 10°0FI1°0 <€ 0F6S'€E €5 0F9S°0- JAL9FLIOY SO'0FLE O paid

9'9TFT8 08T 20'07CT0 10°0F11°0 8T 0F9TH 99'0FCI'1- P8 EIFENS b0 0FEY 0 NOD
(Qwo/3w) aNg (wuyp) dgqy, (wuy1) yrqL (wwy1) N'qL NS Ansuaq %BIALAE dnorp

*SJel [eW Ul 9INJOIYDIBOIOIW du0q "AT U0 A JO SI0HH "TA 9IqeL



2456

ZHOU et al: PREVENTIVE EFFECTS OF PM ON GIO

A SEG

B SP
1 2 3 4 5 7 8 9
C TH

1 2 3 4 5 6 7 8 9
Figure 10. Three-dimensional reconstructed images of the right femur in male rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1,
control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30%
ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM

(H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas
of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone

density. Magnification, x30. SEG, segmentation; SP, separation; TH, thickness; Pred, prednisone; PM, Polygonum multiflorum.

A SEG

C TH

2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9
Figure 11. Three-dimensional reconstructed images of the right femur in female rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups:
1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 pg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30%
ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM
(H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas

of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone
density. Magnification, x30. SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, Polygonum multiflorum.

52 and 27.0% in the femur and LV,, respectively, of female rats
compared with that in the prednisone groups. In the present study,
cross-sectional images from micro-CT scans and longitudinal
analysis of the distal femur excluding the cortical bone were
performed in the measurement area between 1 and 4 mm distal
to the growth plate-metaphysis junction (29,30), as a previous

study had indicated that trabecular bone is more responsive to
pharmacological intervention than cortical bone (3).

In conclusion, rats exposed to prednisone showed
abnormal bone microstructure as well as decreased BMD
and biomechanical properties accompanied with inhibition of
skeletal muscle and immune organs. It was demonstrated that
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Figure 12. Three-dimensional reconstructed images of the LV, in male rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2,
Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of
PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred +
crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red

indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, x30.
SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, Polygonum multiflorum.

Figure 13. Three-dimensional reconstructed images of the LV, in female rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2,
Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 ug/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of
PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred +
crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red
indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, x30.
SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, Polygonum multiflorum.
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