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a  b  s  t  r  a  c  t

Proteoglycans  are  a major  component  of  the animal  extracellular  matrix,  the  “filler”  substance  existing
between  cells  in  an  organism.  Here  they  form  large  complexes,  both  to other  proteoglycans,  to hyaluronan
and  to  fibrous  matrix  proteins  (such  as  collagen).  Proteoglycans  are  heavily  glycosylated  glycoproteins.
In  this  study,  we  evaluate  effect  of collagen  and  proteoglycan  on osteoporosis.  Rats  were  treated  with
eywords:
ollagen
steoporosis
VX
one

ovariectomy  (OVX)  for 4 weeks  to induce  osteoporosis.  In OVX  rats,  the  levels  of  collagen  and  proteoglycan
in  knee  joint  cartilage  and  anterior  cruciate  ligament  were  significantly  decreased  in  the  OVX  group
animals  compared  to  the  sham  group.  OVX  rats  showed  decreased  levels  of  magnesium  (Mg2+) and
calcium  (Ca2+),  increased  concentrations  of alkaline  phosphatase  (ALP)  and  phosphorus  (P)  in  the  serum.
We conclude  that  osteoporosis  is  closely  associated  to decreased  collagen  and  proteoglycan  levels  in  knee
joint  cartilage  and anterior  cruciate  ligament.
. Introduction

Osteoporosis is often called a silent disease of aging because
one loss occurs without symptoms until microarchitectural
eterioration becomes so significant that bone fracture occurs.
ccording to the National Osteoporosis Foundation, in the United
tates approximately 10 million individuals are estimated to have
steoporosis, and 2 million of these are men  (Dobson, Yarnall,
oyce, & Giovannoni, 2013). Osteoporosis (a disease of aging asso-
iated with bone loss that often occurs without symptoms until
icroarchitectural deterioration becomes so significant that bone

racture occurs invariably at the point where a reduction in the bone
ass is below what is required for normal bone support), is of great

mportance in health care (Sontakke & Tare, 2002). Plenty of studies
round this disease have been carried out in recent years. Accumu-
ating data have indicated that the loss of estrogen at menopause is

 major contributor to pathogenesis of the disease because this hor-
one is a principal negative regulator of osteoclast activity (Aubin

 Bonnelye, 2000; Compston, 1997; Meiner, 1999), and osteoclasts
re the chief effector’s cells responsible for bone remodeling in
steoporosis (Roodman, 1996).

Type I collagen is the most abundant structural protein found
n the extracellular matrix of vertebrates. It assembles into fibrils

orming the structural scaffold of bone, skin, and other connective
issues (Trentham et al., 1982). It consists of three polypeptide �-
hains folded into a 300-nm-long triple helix with short nonhelical
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terminal peptides (telopeptides). The collagen component can act
as a matrix to promote an early bone deposition and mineralization
(de Jonge et al., 2010).

Proteoglycans are a major component of the animal extracel-
lular matrix, the “filler” substance existing between cells in an
organism. Here they form large complexes, both to other pro-
teoglycans, to hyaluronan and to fibrous matrix proteins (such
as collagen). Proteoglycans are heavily glycosylated glycoproteins
(Richmond, Carlson, Register, Shanker, & Loeser, 2000). This means
that they are proteins with chains of polysaccharides, a kind of car-
bohydrate, attached. The specific type of polysaccharides attached
to proteoglycans is called glycosaminoglycans (GAGs). In addition
to the type of GAG they carry, proteoglycans can be categorized
by size. Large molecules include aggrecan, an important compo-
nent of cartilage, and versican, which is found in the blood vessels
and skin. Small molecules present in various connective tissues
include decorin, biglycan, fibromodulin, and lumican. Because they
are negatively charged, proteoglycans also help to attract positive
ions, or cations, such as calcium, potassium, and sodium. They also
bind water, and aid in the transport of water and other molecules
through the extracellular matrix (Blochberger, Vergnes, Hempel, &
Hassell, 1992; Blumberg, Brenner, Budny, & Kresse, 1997).

2. Materials and methods
2.1. Animals and treatments

A total of 24 female white rats were used in this study. Ani-
mals were housed in an air conditioned animal room at 23 ± 2 ◦C,
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Fig. 1. The levels of collagen and proteoglycan in knee joint cartilage (2-week).

Fig. 2. The levels of collagen and proteoglycan in anterior cruciate ligament.
40 Z. Tong et al. / Carbohydra

ith 12 h/12 h light/dark photoperiod, and provided with standard
aboratory diet and water ad libitum.

Surgery of animals was  performed under pentobarbital sodium
50 mg/kg body weight, i.p.) anesthesia. The rats underwent either
ilateral laparotomy (sham group, n = 12) or bilateral oophorec-
omy (OVX group, n = 60). Four weeks after recovering from surgery,
he OVX rats were randomly divided into two groups: vehicle-
reated (OVX), OVX with tanshinone (20 mg/kg). Rats in the sham
nd OVX control groups were administered with the same volume
f distilled water. Vehicle and tanshinone were all administered
rally through an oral gavage. The treatments started 4 weeks after
he surgery and lasted for 15 weeks.

Before sacrifice, each rat was individually housed in a metabolic
age for 24 h without providing food before euthanization, and
rine samples were collected using separators. After laparotomy
sing anesthesia with diethyl ether, blood samples were taken from
he abdominal aorta; serum was then prepared by centrifugation
f the collected blood. Femurs were isolated from adjacent tissues,
rapped in saline-soaked gauze bandages to prevent dehydration,

nd stored at −20 ◦C until examination for biomechanical testing
nd structural analysis. All animals were treated according to the
uide for Care and Use of Laboratory Animals with the approval of

he Institutional Ethics Committee of China regarding the animal
xperiments.

.2. Biochemical analysis

Collagen and proteoglycan levels were measured with colori-
etric method.
Serum ALP, P, Mg2+ and Ca2+ levels were measured by colori-

etric method using commercial kits.

.3. Statistical analysis

Statistical analysis was carried out using SPSS version 10.0
or Windows software (SPSS, Chicago, IL, USA). Results were
resented as mean ± SD. p < 0.05 was considered statistically sig-
ificant.

. Results and discussion

Osteoporosis is the leading cause of serious morbidity and func-
ional loss in the elderly (Inzerillo & Zaidi, 2002). It is a bone
isease characterized by reduced bone mass and deterioration of
one microarchitecture (Goltzman, 2002; Tannirandorn & Epstein,
000). Biochemical markers of bone turnover are products released
rom osteoblasts and osteoclasts or collagen breakdown products
Swaminathan, 2001) and can be used as molecular tools both for
he detection of high bone turnover, as well as for monitoring the
fficacy of the administered drug (Riggs, 2000).

The results of the present study employing a OVX rat animal
odel indicate that collagen cross-links coupled with structural

hanges are a major contributor to bone strength, in line with pre-
iously published reports in animal models and human tissue.

The levels of collagen and proteoglycan in knee joint cartilage
ere significantly decreased in the OVX group animals compared

o the sham group (p < 0.01) (Fig. 1).
The levels of collagen and proteoglycan in anterior cruciate

igament were significantly decreased in the OVX group animals
ompared to the sham group (p < 0.01) (Fig. 2).

The levels of collagen and proteoglycan in knee joint cartilage

ere significantly decreased in the OVX group animals compared

o the sham group (p < 0.01) (Fig. 3).
The levels of collagen and proteoglycan in anterior cruciate

igament were significantly decreased in the OVX group animals
Fig. 3. The levels of collagen and proteoglycan in knee joint cartilage.

compared to the sham group (p < 0.01) (Fig. 4). Our results indi-
cated that loss of collagen and proteoglycan were significant in
osteoporosis diseases. Decreased collagen and proteoglycan lev-
els were closely associated with the development of osteoporosis
diseases.

A decrease of bone mineral density and early onset of osteoporo-
sis have been reported in young patients (Anapliotou et al., 1995;

Filosa et al., 1997; Molyvda-Athanasopoulou et al., 1999; Soliman,
El Banna, Fattah, ElZalabani, & Ansari, 1998; Wonke, Hoffbrand,
Bouloux, Jensen, & Telfer, 1998). Among the mineral nutrients, Mg2+
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Fig. 4. The levels of collagen and proteoglycan in anterior cruciate ligament.
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Bone mineral density in prepubertal children with �-thalassemia: Correla-
Fig. 5. The levels of ALP, P, Mg2+ and Ca2+ in serum.

s essential for physiological function in various tissues and organs.
n particular, Mg2+ deficiency is well known as a potential risk factor
f osteoporosis (Stending-Lindberg, Tepper, & Leichter, 1993), as
ell as a cause of impaired parathyroid hormone (PTH) secretion,
hich in turn dysregulates Ca2+ homeostasis (Rude, Oldham, Sharp,

 Singer, 1978). In addition, in the relationship between Ca2+ and
one metabolism, PTH secretion is increased due to Ca2+ deficiency-

nduced hypocalcemia, and serum Ca2+ level is rapidly restored by

TH stimulating osteoclasts in the bone (Campbell, 2011). There-
ore, fracture risk factors, such as increased bone turnover and bone
oss, are influenced by excessive PTH secretion (LeBoff et al., 1999;
mers 97 (2013) 239– 242 241

Sahota, Masud, San, & Hosking, 1999). Frequent transfusions and
use of desferrioxamine can lead to lower serum Ca2+, Mg2+ and
higher P and PTH levels (Anapliotou et al., 1995). All of these factors
also contribute to the development of osteoporosis.

Fig. 5 shows serum ALP, P, Mg2+ and Ca2+ levels in different
groups animals. It could be found that serum ALP and P levels
were significantly higher in the OVX group than in the sham group
(p < 0.05). Serum Mg2+ and Ca2+ levels were significantly lower in
the OVX group than in the sham group (p < 0.05). This result indi-
cates that increased serum ALP, P and decreased serum Ca2+ and
Mg2+ levels were important factors to deteriorate osteoporosis dis-
eases.

In short, to examine collagen, proteoglycan levels in knee joint
cartilage and anterior cruciate ligament, serum ALP, P, Ca2+, and
Mg2+ changes are very useful for clinical diagnosis and therapy of
osteoporosis diseases.

References

Anapliotou, M.  L. G., Kastanias, I. T., Psara, P., Evangelou, E. A., Liparaki, M.,  &
Dimitriou, P. (1995). The contribution of hypogonadism to the development
of osteoporosis in thalassaemia major: New therapeutic approaches. Clinical
Endocrinology,  42,  279–287.

Aubin, J. E., & Bonnelye, E. (2000). Osteoprotegerin and its ligand: A new paradigm
for regulation of osteoclastogenesis and bone resorption. Womens Health,
5,  5.

Blochberger, T. C., Vergnes, J. P., Hempel, J., & Hassell, J. R. (1992). cDNA to chick
lumican (corneal keratan sulphate proteoglycan) reveals homology to the small
interstitial proteoglycan gene family and expression in muscle and intestine.
The Journal of Biological Chemistry,  267, 346–352.

Blumberg, P., Brenner, R., Budny, S., & Kresse, H. (1997). Increased turnover of
small proteoglycans synthesized by human osteoblasts during cultivation with
ascorbate and beta-glycerophosphate. Calcified Tissue International, 60,  554–560.

Campbell, L. (2011). Thyroid and parathyroid hormones and calcium homeostasis.
Anaesthesia and Intensive Care Medicine, 12,  465–468.

Compston, J. E. (1997). Hormone replacement therapy. Clinical Rheumatology,  11,
583–596.

de Jonge, L. T., Leeuwenburgh, S. C., van den Beucken, J. J., te Riet, J., Daamen,
W.  F., Wolke, J. G., et al. (2010). The osteogenic effect of electrosprayed
nanoscale collagen/calcium phosphate coatings on titanium. Biomaterials, 31,
2461–2469.

Dobson, R., Yarnall, A., Noyce, A. J., & Giovannoni, G. (2013). Bone health in chronic
neurological diseases: A focus on multiple sclerosis and parkinsonian syn-
dromes. Practical Neurology,  13(2), 70–79.

Filosa, A., DiMaio, S., Vocca, S., Saviano, A., Esposito, G.,  & Pagano, L. (1997). Lon-
gitudinal monitoring of bone mineral density in thalassemic patients. Genetic
structure and osteoporosis. Acta Paediatrica, 86, 342–346.

Goltzman, D. (2002). Discoveries, drugs and skeletal disorders. Nature Reviews Drug
Discovery, 1(10), 784–796.

Inzerillo, A., & Zaidi, M. (2002). Osteoporosis: Trends and intervention. Mount Sinai
Journal of Medicine, 69,  220–231.

LeBoff, M. S., Kohlmeier, L., Hurwitz, S., Franklin, J., Wright, J., & Glowacki, J. (1999).
Occult vitamin D deficiency in post menopausal US women with acute hip

fracture. JAMA: The Journal of the American Medical Association, 281, 1505–1511.
Meiner, S. E. (1999). An expanding landscape osteoporosis: Treatment options

today. Advanced Nursing Practice, 7, 26–31.
Molyvda-Athanasopoulou, E., Sioundas, A., Karatzas, N., Aggellaki, M.,  Pazaitou, K.,

&  Vainas, I. (1999). Bone mineral density of patients with thalassemia major:
Four-year follow-up. Calcified Tissue International, 64,  481–484.

Richmond, R. S., Carlson, C. S., Register, T. C., Shanker, G., & Loeser, R. F. (2000).
Functional estrogen receptors in adult articular cartilage: Estrogen replace-

ment therapy increases chondrocyte synthesis of proteoglycans and insulin-like
growth factor binding protein 2. Arthritis and Rheumatism, 43(9), 2081–2090.

Riggs, B. L. (2000). Are biochemical markers for bone turnover clinically use-
ful  for monitoring therapy in individual osteoporotic patients? Bone, 26,  551–
552.

Roodman, G. D. (1996). Advances in bone biology: The osteoclast. Endocrine Reviews,
17,  308–332.

Rude, R. K., Oldham, S. B., Sharp, C. F., Jr., & Singer, F. R. (1978). Parathyroid hor-
mone secretion in magnesium deficiency. The Journal of Clinical Endocrinology
and  Metabolism, 47,  800–806.

Sahota, O., Masud, T., San, P., & Hosking, D. J. (1999). Vitamin D insufficiency
increases bone turnover markers and enhances bone loss at the hips in patients
with established osteoporosis. Clinical Endocrinology, 51,  217–221.

Soliman, A. T., El Banna, N., Fattah, M. A., ElZalabani, M. M.,  & Ansari, B. M. (1998).
tion with growth and hormonal data. Metabolism: Clinical and Experimental, 47,
541–548.

Sontakke, A. N., & Tare, R. S. (2002). A duality in the roles of reactive species with
respect to bone metabolism. Clinica Chimica Acta, 318,  145–148.

http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0110


2 te Poly

S

S

T

as  a revelant model for rheumatoid arthritis. Arthritis and Rheumatism, 25,
42 Z. Tong et al. / Carbohydra

tending-Lindberg, G., Tepper, R., & Leichter, I. (1993). Trabecular bone density in
a  two-year controlled trial of peroral magnesium in osteoporosis. Magnesium

Research, 6, 155–163.

waminathan, R. (2001). Biochemical markers of bone turnover. Clinica Chimica
Acta,  313, 95–105.

annirandorn, P., & Epstein, S. (2000). Drug-induced bone loss. Osteoporosis Inter-
national,  11(8), 637–659.
mers 97 (2013) 239– 242

Trentham, D. E., Alexander, S. T., & Andrew, H. K. (1982). Collagen arthritis
911–916.
Wonke, B., Hoffbrand, A. V., Bouloux, P., Jensen, C., & Telfer, P. (1998). New

approaches to the management of hepatitis and endocrine disorders in Cooley’s
anemia. Annals of the New York Academy of Sciences, 850, 232–241.

http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00405-0/sbref0135

	Chemical characterization and varying level of the proteoglycans
	1 Introduction
	2 Materials and methods
	2.1 Animals and treatments
	2.2 Biochemical analysis
	2.3 Statistical analysis

	3 Results and discussion
	References


