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Abstract. The present study aimed to investigate the protective 
effects of Polycan, a β‑glucan from Aureobasidium pullulans 
SM‑2001, in a rat model of ovariectomy‑induced osteoporosis. 
Ovariectomized (OVX) rats were orally administered 31.25, 
62.5 or 125 mg/kg/day Polycan for 126 days, and alterations 
in body weight, bone mineral content, bone mineral density, 
failure load, histological profiles and histomorphometric 
indices were analyzed. In particular, serum levels of osteo-
calcin, bone‑specific alkaline phosphatase (bALP), calcium 
and phosphorus, and the urine deoxypyridinoline/creatinine 
ratio, were measured. Furthermore, the femur, tibia and lumbar 
vertebrae were harvested from all rats, and histomorpho-
metrical analyses were conducted in order to assess the mass 
and structure of the bones, and the rates of bone resorption 
and formation. One group of rats was treated with alendronate, 
which served as the reference drug. The results of the present 
study suggested that Polycan treatment was able to inhibit ovari-
ectomy‑induced alterations in bone resorption and turnover in 
a dose‑dependent manner. In addition, the serum expression 
levels of bALP and all histomorphometrical indices for bone 
formation were markedly increased in the Polycan‑treated 
groups. These results indicated that Polycan was able to 
preserve bone mass and strength, and increase the rate of bone 
formation in OVX rats; thus suggesting that Polycan may be 
considered a potential effective anti‑osteoporosis agent.

Introduction

Osteoporosis is a metabolic bone disease, which results from a 
disturbance in normal bone remodeling such that the balance 
shifts from bone formation to resorption; this in turn may lead 
to bone loss and the occurrence of fractures following mineral 
flux (1). Patients with osteoporosis exhibit a high frequency 
of fractures, and hip fractures in senile patients are particu-
larly serious since they often limit the life of a patient (2). At 
present, osteoporosis affects ~25 million Americans (3). It has 
been estimated that a 50‑year‑old woman in the United States 
has an 11‑18% lifetime risk of suffering a hip fracture (3).

Numerous attempts have been made to develop novel 
agents for the prevention and treatment of bone diseases (4). 
At present, anti‑resorptive agents, including biophosphonate, 
estrogen and calcitonin, are widely used (5); however, there is 
a requirement for highly effective resorptive inhibitors with 
improved safety and efficacy profiles. Anabolic agents, which 
are able to stimulate bone formation, are less well‑known (6); 
however, trials to develop anabolic agents have been conducted, 
and have improved current understanding of the mechanisms 
underlying osteoblast differentiation and bone formation (7).

The estrogen‑deficient, ovariectomized (OVX) rat model 
of osteoporosis has been considered useful for the evaluation 
of osteoporotic drugs, since various parameters associated 
with osteoporosis have been shown to be markedly decreased 
within 4‑6 weeks following an ovariectomy (8). The OVX rat 
model of osteoporosis was selected for the present study as it 
approximates postmenopausal bone loss, as demonstrated by 
previous studies (8‑10). A rat model was selected in particular 
as a 4‑month study of rats is considered to be comparable to 
a 1‑year study of humans (11). The effects of a drug in the 
OVX rat model may be assessed by detecting histomorpho-
metrical alterations in bone mass, formation and resorption, 
and changes in bone weight, blood chemistry, urinalysis, 
bone mineral content (BMC), bone mineral density (BMD) 
and failure load (FL) (12).

Bone remodeling by bone cells is crucial in determining 
and increasing the bone mass during pathological conditions, 
including bone disorders (13). There are two major therapeutic 
strategies for patients with osteoporosis: Reducing bone turn-
over or increasing mineral deposition at bones. Alendronate 
and other bisphosphonates, which inhibit bone‑turnover, have 
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been prescribed to millions of patients worldwide, and have 
exhibited good safety profiles, with reports of only minor side 
effects (14,15). Alendronate is a nitrogen‑containing bisphos-
phonate and a potent inhibitor of bone resorption, which 
has been used to treat and prevent osteoporosis, in addition 
to exhibiting anti‑osteoporosis effects in OVX animals and 
postmenopausal women (16,17). Conversely, the parathyroid 
hormone, which has been developed to treat osteoporosis, 
is able to stimulate osteoblastic bone formation, increase 
bone mass and prevent vertebral fractures  (18). Similarly, 
bone formation may be induced by treatment with strontium 
ranelate (19). Our previous mouse and in vitro studies demon-
strated that Polycan was able to prevent bone loss by reducing 
net bone resorption and bone turnover (20,21). In addition, an 
increase in bone‑specific alkaline phosphatase (bALP) expres-
sion levels was indicative of an increase in bone formation 
following treatment with Polycan (20,21). 

β‑glucan is a fiber‑type complex polysaccharide derived 
from the cell wall of baker's yeast, oat and barley fiber, and 
numerous medicinal mushrooms (22). β‑glucan is primarily used 
to enhance the immune system (23) and lower blood cholesterol 
levels (24). Polycan, which is purified β‑glucan derived from 
Aureobasidium pullulans SM‑2001, predominantly consists of 
β‑1,3/1,6‑glucan, as well as other organic materials, including 
amino acids, mono‑ or di‑unsaturated fatty acids (linoleic 
and linolenic acids) and fibrous polysaccharide (25). Previous 
studies have demonstrated that Polycan was able to exert 
anti‑osteoporosis effects, including inhibiting bone loss and 
accelerating bone formation in vitro and in OVX mice (20,21), 
and promoting the healing of fractures (26). However, to the 
best of our knowledge, the effects of Polycan in a rat model of 
osteoporosis have yet to be evaluated. Therefore, the present 
study aimed to investigate the effects of Polycan (31.25, 62.5 and 
125 mg/kg), in comparison with the effects of alendronate, in a 
rat model of ovariectomy‑induced osteoporosis. 

Materials and methods

Rats. A total of 96 virgin Sprague‑Dawley pathogen‑free 
female rats (age, 6 weeks; weight, 137‑173 g; Charles River 
Laboratories, Inc., Yokohama, Japan) were used in the present 
study, following a 7‑day acclimatization period. The rats were 
maintained in polycarbonate cages at 20‑25˚C and 30‑35% 
humidity, under a 12‑h light/dark cycle and with access to 
food (Samyang Foods Co., Ltd., Wonju, Korea) and water 
ad libitum. A total of 80 rats were assigned to the experimental 
group (OVX‑induced osteoporosis) and 16 rats were assigned 
to the sham control group. Following the ovariectomy proce-
dure, 48 rats were selected for inclusion in the study, based on 
their body weight and behavior, according to the Guide for 
the Care and Use of Laboratory Animals from the Institute 
for Laboratory Animal Research (Washington, D.C., USA). 
The present study was approved by the Institute of Laboratory 
Animal Resources at Daegu Haany University (DHU2011‑015; 
Gyeongsan, Korea).

Test articles, grouping and dosing. Polycan derived from 
A. pullulans SM‑2001 (Glucan Co., Ltd., Busan, Korea) was 
stored in a refrigerator at 4˚C. The Polycan consisted of 
13% β‑1,3/1,6‑glucan and 40% β‑glucan, as demonstrated 

using analytical methods described in a previous study (25). 
The 48 rats were grouped as follows (n=8 rats/group): A sham 
control group, an OVX control group, an alendronate group, 
and 3 groups of rats treated with 31.25, 62.5 and 125 mg/kg 
polycan, respectively. The Polycan was diluted in distilled 
water to 62.5, 31.25 and 125 mg/kg, and was administered by 
gastric gavage using a 3‑ml syringe. The Polycan was admin-
istered daily for 126 days, commencing one week following 
the ovariectomy procedure. A 10‑mg/kg dose of alendronate 
(Merck & Co., Inc., Whitehouse Station, NJ, USA) was gener-
ated by dissolving the alendronate in distilled water. 

Surgical procedure. The rats in the experimental group 
underwent a bilateral ovariectomy following intraperitoneal 
injection with 25 mg/kg Zoletile (Virbac S.A., Carros, France), 
as described in a previous study (27). In the sham control 
group, the bilateral ovariectomy procedure was conducted 
without removal of the ovaries. Following the surgical proce-
dure, the rats were divided into 6 groups (8 rats/group; a sham 
control group, an OVX control group, an alendronate group, 
and 3 polycan groups with various dosages).

Bone labeling. For dynamic histomorphometry, all rats 
were treated subcutaneously with 30 mg/kg/ml tetracycline 
(Sigma‑Aldrich, St. Louis, MO, USA) 13 days prior to sacri-
fice, and 8 mg/kg/ml calcein (Sigma‑Aldrich) 3 days prior 
to sacrifice. Briefly, tetracycline binds to newly formed bone 
at the bone/osteoid (unmineralized bone) interface where 
it exhibits linear fluorescence. Fluorescence was observed 
under a UV light microscope (model  Eclipse  80i; Nikon 
Corporation, Tokyo, Japan). Animal sacrifice was carried out 
under anesthesia with 0.05 ml/kg Zoletile by exsanguination 
from the caudal vena cava. Animals with unintended problems 
(including cachexia and abnormal clinical signs) were sacri-
ficed by cervical dislocation.

Body weight alterations. The body weight of all rats was 
measured prior to the initial treatment and once per week 
during the experimental period, concluding at sacrifice as 
described above. Blood was collected from the caudal vena 
cava and centrifuged at 720 x g for 30 min. The supernatant 
was collected using a micropipette. Prior to the body weight 
measurements at the initial dosing and at sacrifice, the experi-
mental animals were fasted overnight in order to reduce the 
occurrence of errors due to feeding. Alterations in the body 
weight were calculated as the body weight at sacrifice minus 
the body weight at the initial treatment, in order to eliminate 
individual differences.

Serum biochemistry. Blood samples (10 ml) were collected 
from the vena cava at sacrifice, and the serum was separated. 
All serum samples were frozen at ‑40˚C until required for 
further experimentation. Serum levels of osteocalcin (ng/ml) 
were detected using an Osteocalcina Myria kit (Technogenetics 
Srl, Milan, Italy) and a Packard Cobra II γ‑counter (GMI, Inc., 
Ramsey, MN, USA). Serum levels of bALP (U/L) were detected 
using the commercially available Enzyme‑Immunoassay kit 
(Metra™ bALP kit; cat. no. 8012; Quidel Corporation, San 
Diego, CA, USA). The serum calcium (Ca) levels (mg/ml) were 
detected using the Orthocresolphthalein Complexone (OCPC) 
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method and an automated blood analyzer (TBA 200FR; 
Toshiba, Tokyo, Japan). Briefly, the OCPC complexone (P5631; 
Sigma‑Aldrich) method is based on the reaction of Ca2+ with 
o‑cresolphthalein complexone in an alkaline solution, which 
forms an intense violet fluorescence which maximally absorbs 
at 577 nm. 8‑hydroxyquionline is added to prevent interfer-
ence by magnesium and iron. The serum phosphorus (P) 
levels were detected using the kinetic ultraviolet (UV) method 
using a blood biochemistry autoanalyzer (Dri‑Chem NX500i; 
Fujifilm Medical System Co., Ltd., Tokyo, Japan).

Urinalysis. Urine from individual rats was collected over 
a 24‑h period following the final treatment, and was centri-
fuged at 720 x g for 10 min to remove sediments. The levels 
of deoxypyridinoline (Dpd; nM) in the urine were detected 
using a commercial Enzyme‑Immunoassay kit (Metra™ Dpd 
kit; cat. no. 8007; Quidel Corporation) and an enzyme‑linked 
immunosorbent assay plate reader (Tecan Schweiz AG, 
Männedorf, Switzerland). The levels of creatinine (g/day) 
in the urine were detected using the Jaffe reaction and an 
automated urine analyzer (model TBA‑2000FR; Toshiba). In 
addition, the Dpd/creatinine ratios were measured.

BMC. Following sacrifice, the right side of the femur and tibia, 
as well as the 4th lumbar vertebrae (L4), were harvested and 
dried at 120˚C for 8 h. The dried tibiae underwent carbon-
ization at 800˚C for 6 h in a furnace, after which they were 
dissolved in nitric acid. In a dissolved solution, the Ca and P 
concentrations (mg/g) were calculated using the OCPC and 
kinetic UV methods, respectively. In addition, the Ca/P ratio 
was calculated using the following formula: Ca/P ratio = (bone 
Ca content/bone P content) x 100.

BMD and FL. The BMD (g/cm2) of the epiphyseal plates 
and body of the right femur and tibia was measured using 
dual‑energy X‑ray absorption (Lunar PIXImus; GE Healthcare 
Bio‑Sciences, Pittsburgh, PA, USA). In addition, the BMD 
of the articulate regions and body of the L4 was determined 
prior to BMC measurement. The bone strength was measured 
in terms of FL. The FL (newtons, N) of the mid‑shaft 

regions of the right femur and tibia was measured using a 
three‑point bending test to failure on a computerized testing 
machine (Instron 6022; Instron, Norwood, MA, USA; speed, 
20 mm/min). In addition, the FL of the L4 body was measured.

Histology and histomorphometry. The left side of the femur 
and tibia, and the 5th lumbar vertebrae (L5) of each rat were 
separated, dehydrated in a graded series of ethanol and xylene, 
and embedded undecalcified in modified methyl methacrylate 
(Araldite/Embed Embedding kit; cat.  no. 13940; Electron 
Microscopy Sciences, Hatfield, PA, USA). Subsequently, the 
samples were sectioned (3‑4 µm) and stained with hematoxylin 
and eosin staining. A section was left unstained for dynamic 
histomorphometry. For each prepared sample, the histological 
profiles (osteoporotic hole) were observed under a microscope 
(Carl Zeiss AG, Oberkochen, Germany).

Bone histomorphometry was conducted using automated 
image analysis processing software (analySIS® AUTO; SiS 
Sensoren Instrumente Systeme GmbH, Schwentinental, 
Germany), as outlined in a previous report (28). Briefly, in 
order to determine the bone mass and structure, the trabecular 
bone volume (Tb.Ar), thickness (Tb.Wi), number (N.Tb) and 
length (Tb.Pm), and the cortical bone thickness (Ct.Wi), were 
measured. In order to determine the extent of bone resorp-
tion, the osteoclast cell number (N.Oc) in uniform regions 
of the epiphyseal plates (N/epiphyseal), and the osteoclast 
cell surface/bone surface (Oc/BS%), were determined. In 
order to measure the rate of bone formation (µm/day), the 
mineral appositional rate (MAR) in the trabecular and cortical 
regions was determined by dividing the distance between the 
midpoints of the two labels by the time interval between the 
labeling periods (10 days). The single labeled surface (sL.Pm) 
corresponded to the trabecular or cortical surface covered 
with single label (tetracycline only), and was expressed as a 
percentage of the bone surface. The double labeled surface (dL.
Pm) corresponded to the bone surface covered with both labels 
(tetracycline and calcein) and was expressed as a percentage 
of the bone surface. The mineralizing surface (Md.Pm) was 
calculated using the following equation: Md.Pm (%) = [(1/2 
sL.PM) + dL.Pm]. The surface referent bone formation rate 

Table I. Rat body weight in the various groups.

	 Body weight
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	
Group	 Day 0 (A)	 Day 7	 Day 126 (B)	 Gain (B ‑ A)

Sham control	 181.63±5.48	 207.75±3.92	 283.13±13.05	 101.50±12.81
OVX control	 182.25±4.89	 227.63±6.82a	 337.88±25.95a	 155.63±22.03a

Alendronate	 178.75±10.59	 225.25±16.15b	 318.38±37.75	 139.63±31.37a

Polycan				  
  31.25 mg/kg	 176.75±11.42	 223.10±18.02b	 329.88±41.27b	 153.13±33.36a

  62.5 mg/kg	 178.25±4.65	 227.88±8.63a	 338.25±22.93a	 160.00±21.73a

  125 mg/kg	 177.75±6.45	 221.63±9.46a	 333.00±32.26a	 125.25±30.41

Data are presented as the mean ± standard deviation of 8 rats. All rats were fasted overnight prior to the first treatment and 126 days following 
the initial treatment. aP<0.01 and bP<0.05 vs. sham control group. OVX, ovariectomized.
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(BFR/BS), which corresponded to the amount of new bone 
mineralized at the tissue level per mm2 of bone surface area 
per day, was calculated using the following equation: BFR/BS 
(µm3/µm2/day) = Md.Pm x MAR.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation. Data was analyzed using one‑way analysis of 
variance, followed by a least‑significant difference multiple 
comparison test, in order to determine which pairs of group 
comparisons were significantly different. When a significant 
difference was detected using the Kruskal‑Wallis H test, a 
Mann‑Whitney U test was conducted, in order to determine 
the specific pairs of group comparisons that were signifi-
cantly different. Statistical analyses were performed using 
SPSS software version 14.0 (SPSS, Inc., Chicago, IL, USA). 
P<0.05 and P<0.01 were considered to indicate statistically 
significant and highly statistically significant differences, 
respectively.

Results

Alterations in body weight. A significant increase in body 
weight was detected in the OVX rats compared with the sham 
control group at 7 and 126 days following the initial treat-
ment (P<0.01). There was no significant difference in body 

weight alterations between the treated groups (alendronate and 
Polycan‑treated groups) and the OVX control group (Table I).

Alterations in serum biochemistry. The serum levels of 
osteocalcin were significantly increased in the OVX control 
group compared with the sham control group (P<0.01; 
Table II). A significant reduction in the serum levels of bALP, 
Ca and P was detected in the OVX control group compared 
with the sham control group (P<0.01). Conversely, marked 
dose‑dependent reductions in the serum levels of osteocalcin, 
and elevations in the serum levels of bALP, Ca and P were 
detected in the Polycan‑treated groups compared with the 
OVX control group (P<0.05). The serum levels of osteocalcin 
were significantly decreased in the alendronate‑treated group 
compared with the OVX control group (P<0.01); however, no 
significant differences in the serum levels of bALP, Ca and P 
were detected between the alendronate‑treated group and the 
OVX control group (Table II).

Alterations in urinalysis. Significantly increased urine Dpd 
levels and Dpd/creatinine ratios were detected in the OVX 
control group compared with the sham control group (P<0.01). 
Conversely, dose‑dependent reductions in the urine Dpd levels 
and Dpd/creatinine ratios were detected in the Polycan‑treated 
groups compared with the OVX control group (Table III).

Table II. Alterations in serum biochemistry.

Group	 Osteocalcin (ng/ml)	 bALP (U/l)	 Ca (mg/dl)	 P (mg/dl)

Sham control	 1.349±0.185	 1.425±0.238	 9.338±0.774	 6.650±0.960
OVX control	 2.031±0.205a	 0.963±0.160a	 8.400±0.288a	 5.570±0.289a

Alendronate	 1.621±0.276b	 1.000±0.273a	 8.738±0.667	 5.286±0.576a

Polycan				  
  31.25 mg/kg	 1.908±0.086a	 1.213±0.181c	 8.863±0.555c	 5.595±0.452a

  62.5 mg/kg	 1.801±0.141a,c	 1.238±0.220b	 8.963±0.504c	 6.028±0.339c

  125 mg/kg	 1.760±0.167a,b	 1.300±0.141b	 9.013±0.344b	 6.044±0.417

Data are presented as the mean ± standard deviation of 8 rats. aP<0.01 vs. sham control group. bP<0.01 and cP<0.05 vs. OVX control group. 
OVX, ovariectomized; bALP, bone‑specific alkaline phosphatase; Ca, calcium; P, phosphorus.

Table III. Alterations in urinalysis.

Group	 Dpd (nM)	 Creatinine (g/day)	 Dpd/creatinine (nM/g/day)

Sham control	 37.13±6.36	 0.0061±0.0016	 6,589.14±2,065.59
OVX control	 57.53±4.99a	 0.0059±0.0009	 9,948.74±1,681.29a

Alendronate	 35.94±12.75b	 0.0057±0.0013	 6,344.94±1,898.94c

Polycan
  31.25 mg/kg	 49.73±10.15d	 0.0068±0.0019	 7,858.53±2,496.99
  62.5 mg/kg	 49.73±5.33a,c	 0.0065±0.0006	 7,781.32±1,156.59b

  125 mg/kg	 49.69±8.70a,b	 0.0065±0.0006	 7,751.24±1,556.92b

Data are presented as the mean ± standard deviation of 8 rats. aP<0.01 and dP<0.05 vs. sham control group. bP<0.05 and cP<0.01 vs. OVX 
control group. OVX, ovariectomized; Dpd, deoxypyridinoline.
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Alterations in BMC. Significantly decreased levels of Ca 
and P were detected in the femur, tibia and L4 of the OVX 
control group compared with the sham control group (P<0.01). 
Conversely, significant increases in the BMC were detected in 
all treated groups (P<0.05). No significant alterations in Ca/P 
ratios were detected in any of the groups (Table IV).

Alterations in BMD and FL. The BMD and FL of the tibia, 
femur and L4 were significantly decreased in the OVX control 
group compared with the sham control group  (P<0.01). 

Conversely, significantly increased BMD and FL were 
detected in all three types of bone in the majority of the 
Polycan‑treated groups compared with the OVX control group 
(P<0.05). However, the rats treated with 31.25 mg/kg Polycan 
did not exhibit significant increases in BMD and FL compared 
with the OVX control group (Table V).

Alterations in bone histomorphometry. Relatively 
well‑developed and compact trabecular and cortical bone 
regions were observed in the femur of the sham control 

Table V. Alterations in BMD and FL in the rat femur, tibia and L4 verterae.

	 Polycan‑treated groups
					    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Bone	 Sham control	 OVX control	 Alendronate	 31.25 mg/kg	 62.5 mg/kg	 125 mg/kg

Femur						    
  Epiphyseal BMD	 0.378±0.040	 0.213±0.032a	 0.513±0.107a,b	 0.253±0.026a,c	 0.286±0.030a,b	 0.293±0.021a,b

  Mid‑shaft BMD	 0.336±0.036	 0.189±0.025a	 0.224±0.027a,c	 0.228±0.032a,c	 0.251±0.037a,b	 0.265±0.029a,b

  FL	 119.03±8.68	 70.48±11.39a	 83.50±7.70a,c	 78.03±6.39a	 86.30±6.08b,c	 88.33±10.02a,c

Tibia						    
  Epiphyseal BMD 	 0.305±0.023	 0.199±0.017a	 0.385±0.066a,b	 0.221±0.034a	 0.249±0.026a,b	 0.268±0.046b

  Mid‑shaft BMD	 0.291±0.015	 0.179±0.023a	 0.195±0.024a	 0.209±0.020a,c	 0.224±0.025a,b	 0.243±0.042a,b

  FL	 79.61±2.44	 50.96±6.27a	 55.69±11.18a	 57.25±4.78a	 62.06±3.52a,b	 63.41±5.05a,b

L4						    
  Epiphyseal BMD	 0.338±0.034	 0.225±0.023a	 0.255±0.030a,c	 0.249±0.026a	 0.258±0.025a,c	 0.293±0.015a,b

  Mid‑shaft BMD	 0.305±0.021	 0.186±0.028a	 0.199±0.022a	 0.205±0.016a	 0.238±0.019a,b	 0.256±0.033a,b

  FL	 66.20±5.35	 42.20±8.25a	 50.06±11.14a	 48.93±5.85a	 50.60±6.03a,c	 57.08±6.25b,d

Data are presented as the mean ± standard deviation of 8 rats. aP<0.01 and dP<0.05 vs. sham control group. bP<0.01 and cP<0.05 vs. OVX 
control group. OVX, ovariectomized; L4, 4th lumbar vertebrae; BMD, bone mineral density; FL, failure load. 

Table IV. Alterations in bone mineral contents.

	 Polycan‑treated groups
					    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Bone	 Sham control	 OVX control	 Alendronate	 31.25 mg/kg	 62.5 mg/kg	 125 mg/kg

Femur						    
  Ca mg/g bone	 170.86±13.75	 95.82±17.78a	 120.95±12.40a,b	 106.05±14.02c	 125.12±9.03a,b	 138.07±16.11a,b

  P mg/g bone 	 98.71±7.56	 57.29±11.04a	 73.60±13.18a,b	 63.19±9.20c	 76.48±11.47a,d	  83.30±10.28c,d

  Ca/P ratio	 1.74±0.16	 1.70±0.34	 1.69±0.34	 1.70±0.28	 1.67±0.29	 1.68±0.29
Tibia						    
  Ca mg/g bone	 196.13±9.74	 103.82±15.02a	 133.37±21.61a,d	 110.14±14.66c	 128.77±10.45a,d	 140.72±15.00a,d

  P mg/g bone 	 99.66±11.83	 52.67±7.66a	 67.93±7.47a,d	 55.54±6.04c	 67.11±6.52a,d	  70.00±7.12a,d

  Ca/P ratio	 1.99±0.22	 1.99±0.31	 1.99±0.42	 2.00±0.31	 1.93±0.17	 2.03±0.28
L4						    
  Ca mg/g bone	 210.14±8.35a	 124.41±12.48a	 138.50±9.19a	 138.10±13.87c	 146.84±16.78a,b	 155.79±11.09a,d

  P mg/g bone 	 113.50±13.77a	  66.91±8.53a	 74.12±7.24a	 75.61±12.46c	 78.77±10.05a,b	  83.25±6.81a,d

  Ca/P ratio	 1.87±0.23	 1.90±0.45	 1.88±0.20	 1.87±0.38	 1.88±0.23	 1.88±0.16

Data are presented as the mean ± standard deviation of 8 rats. aP<0.01 and cP<0.05 vs. sham control group. bP<0.05 and dP<0.01 vs. OVX 
control group. OVX, ovariectomized; L4, 4th lumbar vertebrae. 
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group rats. Conversely, the OVX control group exhibited 
a histological profile that was typical for osteoporosis, 
including marked reductions in the trabecular and cortical 
bone masses, and increased levels of connective tissue in 
the periosteum of the cortical bone due to the resorption of 
osteoid tissues. Alterations in the bone histomorphometry 
were markedly decreased in the Polycan‑treated groups, 
particularly within the cortical bone, as compared with the 
OVX control group (Fig. 1). In the OVX control group, an 

increased MAR, as indicated by the distance between the 
tetracycline and calcein labeling regions, was observed in the 
cortical and trabecular bone regions, as compared with the 
sham control group. Conversely, a dose‑dependent increase 
in MAR was detected in the cortical and trabecular bone 
regions of the Polycan‑treated groups, as compared with 
the OVX control group. In the alendronate‑treated group, 
the MAR in all three bones tested was markedly decreased 
compared with the OVX control group (Fig. 2).

Figure 1. Histological profiles of the femur of the (A and B) sham, (C and D) ovariectomized control and (E and F) alendronate‑treated groups, and the 
(G and H) 31.25, (I and J) 62.5 and (K and L) 125 mg/kg Polycan‑treated groups. Polycan inhibited the ovariectomy‑induced reduction in trabecular bone mass 
and cortical bone thickness in a dose‑dependent manner. Conversely, alendronate attenuated the ovariectomy‑induced reduction in trabecular bone mass only. 
A, C, E, G, I and K display epiphyseal plate‑trabecular bone regions (magnification, x25); B, D, F, H, J, and L display cortical bone regions (magnification, x50). 
Arrows represent the cortical thickness. All sections were stained with hematoxylin and eosin.

Figure 2. Fluorescent histological profiles of the femur of the (A and B) sham, (C and D) ovariectomized (OVX) control and (E and F) alendronate‑treated 
groups, and the (G and H) 31.25, (I and J) 62.5 and (K and L) 125 mg/kg Polycan‑treated groups. The mineral apposition rate (MAR) was markedly increased 
in the trabecular and cortical bone regions of the femur in the Polycan‑treated rats, in a dose‑dependent manner, as compared with the OVX control group. 
Conversely, the MAR was markedly decreased in both bone regions of the femur in the alendronate‑treated rats, as compared with the OVX control group. A, 
C, E, G, I and K display trabecular bone regions (magnification, x200); B, D, F, H, J and L display cortical bone regions (magnification, x200). Arrows indicate 
the tetracycline and calcein labeled lines. The distant between the arrows represents the MAR over a 10‑day period.

  A   B   C   D   E   F

  G   H   I   J   K   L

  A   B   C   D   E   F

  G   H   I   J   K   L
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Bone mass and structures. Significant reductions in the 
Tb.Ar, N.Tb, Tb.Wi, Tb.Pm and Ct.Wi were detected in the 
tibia, femur and L5 of the OVX control rats, as compared 
with the sham control rats (P<0.01). Conversely, significant 
(P<0.05) dose‑dependent increases in the histomorphometric 
indices for bone mass and structure were detected in all 
three bones from the Polycan‑treated rats compared with the 
OVX control, with the exception of the 31.25 mg/kg‑treated 
group, in which no significant increases in these indices were 
observed (Tables VI‑VIII).

Bone resorption. Significant increases in N.Oc and Oc/BS 
were detected in all three bones from the OVX control group, 
as compared with the sham control group (P<0.01). However, 
they appeared to be significantly decreased by Polycan treat-
ment in a dose‑dependent manner (P<0.05; Tables VI‑VIII).

Bone formation. Significant increases in the MAR, Md.Pm 
and BFR/BS were detected in the trabecular and cortical 
bone regions of all three bone types in the OVX control group 
compared with the sham control group (P<0.01). Conversely, 
the histomorphometrical indices for bone formation were 
significantly increased in the trabecular and cortical bone 
regions in the Polycan‑treated groups compared with the OVX 
control group, in a dose‑dependent manner. An exception was 
the 31.25 mg/kg Polycan‑treated group, in which no significant 
increases in the histomorphometrical indices for bone forma-
tion were detected (P>0.05; Tables VI‑VIII).

Discussion

The present study investigated the protective effects of 
Polycan in a rat model of ovariectomy‑induced osteoporosis 
by measuring alterations in the BMC, BMD, FL, serum levels 
of osteocalcin, bALP, Ca and P, urine Dpd/creatinine ratios 
and histomorphometrical indices.

In a previous study, changes in the body weight (lean 
and/or fat mass) of OVX rodents was used to predict bone 
density  (29); however, no significant ovariectomy‑induced 
alterations in body weight were detected in the present study.

Osteocalcin is a protein secreted by mature osteoblasts, 
levels of which have previously been shown to correlate with 
active bone formation and resorption  (30). In the present 
study, the serum levels of osteocalcin were significantly 
decreased in OVX mice following treatment with Polycan for 
126 days; thus suggesting that Polycan may inhibit high bone 
turnover. bALP levels are generally accepted as a marker of 
bone formation (12). Decreased serum bALP levels by OVX 
were significantly and dose‑dependently inhibited by Polycan 
treatment. Increased serum levels of Ca and P have previously 
been demonstrated to be a marker of bone formation in animal 
models of osteoporosis (31,32). In the present study, increased 
serum levels of Ca and P were detected in the Polycan‑treated 
groups compared with the OVX control group; thus suggesting 
that Polycan was able to inhibit the OVX‑induced reduction in 
serum Ca and P levels. These results suggested that Polycan 
may improve bone formation in a dose‑dependent manner.

Urine Dpd levels, which are considered to be a marker of 
bone resorption, alter in response to alterations in the levels of 
creatinine, which is an indicator of kidney state (33). Therefore, 

urine Dpd/creatinine ratios are considered a valuable marker 
of bone resorption in osteoporosis (12). In the present study, 
Polycan markedly attenuated ovariectomy‑induced increases 
in the urine Dpd/creatinine ratios; thus suggesting that Polycan 
was able to decrease ovariectomy‑induced bone resorption. 
Similar effects have been observed in OVX rats treated with 
alendronate (34).

Patients with osteoporosis typically exhibit a signifi-
cantly decreased BMC  (35). Among the various minerals 
that comprise bone, the levels of Ca and P have been shown 
to be the most significantly decreased in osteoporotic bones, 
although the Ca/P ratio is not typically altered (36). In the 
present study, the concentrations of Ca and P in the tibia, femur 
and L4 bones of the Polycan‑treated rats were significantly 
increased compared with the OVX control group, and this was 
associated with increases in bone strength and quantity, as 
determined by BMD.

BMD is considered to be a valuable clinical indicator of 
alterations in bone quality, and has been shown to be signifi-
cantly decreased in animals with osteoporosis, regardless of 
the underlying cause. Furthermore, BMD has previously been 
used to predict the efficacy of anti‑osteoporosis agents (37), 
and has provided diagnostic profiles of bone quality in human 
clinical research (38). In the present study, Polycan was able 
to inhibit ovariectomy‑induced decreases in BMD; thus 
suggesting that Polycan may be used to prevent and/or treat 
osteoporosis‑associated fractures.

FL is an key index for predicting the efficacy of 
anti‑osteoporosis agents (39), since it has been directly corre-
lated with cortical bone strength. In the present study, Polycan 
was able to improve the FL; thus suggesting that Polycan 
may directly inhibit ovariectomy‑induced reductions in bone 
strength.

Bones may be observed under the microscope in order to 
analyze alterations in bone morphology (40). The histomor-
phometrical indices of bone mass and structure, and bone 
resorption, have been shown to be markedly decreased in 
patients with osteoporosis; thus they may be considered reli-
able markers for predicting the efficacy of anti‑osteoporosis 
agents  (41). In the present study, the histomorphometric 
indices for bone mass and structure, and bone resorption, 
were markedly reduced in the Polycan‑treated rats. In a 
previous study, the histomorphometric indices for bone 
formation were increased in OVX animals due to an increase 
in bone turnover (42). In a previous study, dynamic histomor-
phometric indices have been shown to be a reliable indicator 
of whether a test compound is able to promote bone‑forma-
tion (43). Therefore, the increase in the histomorphometric 
indices of bone formation in the Polycan‑treated rats in the 
present study suggested that Polycan may exert bone anabolic 
effects. Increases in the histomorphometrical indices of 
bone formation have previously been demonstrated for other 
bone anabolic agents, including the parathyroid hormone 
analogs  (44). However, they were not detected following 
treatment with selective estrogen receptor modulators (12) 
and bisphosphonate (45). Furthermore, alendronate has been 
shown to stabilize the indices for bone mass and structure 
and bone resorption; however, dynamic histomorphometry 
demonstrated that the indices for bone formation were mark-
edly decreased following treatment with alendronate (45,46).



EXPERIMENTAL AND THERAPEUTIC MEDICINE  12:  1251-1262,  2016 1261

The results of the present study suggested that Polycan 
was able to effectively inhibit ovariectomy‑induced changes 
associated with osteoporosis through the promotion of osteo-
blast differentiation and bone formation, and the inhibition 
of bone resorption and osteoclast activity, as has been previ-
ously demonstrated in mouse and in vitro studies (20,21). The 
present study demonstrated that Polycan was able to preserve 
bone mass and strength, and to increase the rate of bone forma-
tion in the trabecular and cortical bone regions in OVX rats; 
thus suggesting that Polycan may be considered a potentially 
effective anti‑osteoporosis agent. Further studies are required 
in order to determined how Polycan is able to stimulate the 
biomarkers of bone formation and absorption.
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