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Osteoporosis is a systemic metabolic bone disease characterized by a reduction in bone mass, bone quality, and
microarchitectural deterioration. An imbalance in bone remodeling that is caused by more osteoclast-mediated
bone resorption than osteoblast-mediated bone formation results in such pathologic bone disorder. Traditional
Chinesemedicines (TCM) have long been used to prevent and treat osteoporosis and have received extensive at-
tentions and researches at homeand abroad, because they have fewer adverse reactions and aremore suitable for
long-termuse comparedwith chemically synthesizedmedicines. Here,we put the emphasis on osteoblasts, sum-
marized the detailed research progress on the active compounds derived from TCM with potential anti-
osteoporosis effects and their molecular mechanisms on promoting osteoblast-mediated bone formation. It
could be concluded that TCM with kidney-tonifying, spleen-tonifying, and stasis-removing effects all have the
potential effects on treating osteoporosis. The active ingredients derived from TCM that possess effects on pro-
moting osteoblasts proliferation and differentiation include flavonoids, glycosides, coumarins, terpenoids
(sesquiterpenoids, monoterpenoids, diterpenoids), phenolic acids, phenols and others (tetrameric stilbene, an-
thraquinones, diarylheptanoids). And it was confirmed that the bone formation effect induced by the above nat-
ural products was regulated by the expressions of bone specific matrix proteins (ALP, BSP, OCN, OPN, COL I),
transcription factor (Runx2, Cbfa1, Osx), signal pathways (MAPK, BMP), local factors (ROS, NO), OPG/RANKL sys-
tem of osteoblasts and estrogen-like biological activities. All the studies provided theoretical basis for clinical ap-
plication, as well as new drug research and development on treating osteoporosis.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Bone, a highly mineralized connective tissue, is continuously
broken-down and re-formed in a process of turnover known as bone re-
modeling, which occurs through the interaction and balance between
bone forming cells, called osteoblasts, and bone resorbing cells, called
osteoclasts [1]. Bone remodeling is regulated by several systemic
hormones (e.g., parathyroid hormone, 1,25-dihydroxyvitamin D3, sex
hormones and calcitonin) and local factors (e.g., nitric oxide, prosta-
glandins, growth factors and cytokines) [2,3] This remodeling is respon-
sible for normal skeletal formation, skeletal functions and mineral
homeostasis. Deregulation in one of these processes can lead to bone
diseases such as osteoporosis.

Osteoporosis (OP) is a systemic metabolic bone disease that is char-
acterized by microarchitectural deterioration, low bone mass, and in-
creased risk of fractures, which is a prevalent disease that results from
an increase in bone breakdown relative to bone formation. The clinical
complications include fractures, disability and chronic pain. The causes
of osteoporosis are very complicated, and the disease itself is closely re-
lated to aging, endocrine disorders, calcium malabsorption, and limb
disuse, as well as immune, nutritional, and genetic factors [4]. Osteopo-
rosis falls into two categories: Postmenopausal osteoporosis (Type 1 os-
teoporosis) is the most common disease in women after menopause,
which is linked to an estrogen deficiency. Senile osteoporosis (Type 2
osteoporosis) is related to aging (N75 years) and results from a deficien-
cy in dietary calcium, Vitamin D decline, or increased activity of the
parathyroid glands [5].

Osteoporosis is a major global public health problem that is consid-
ered by the World Health Organization (WHO) to be an important
health issue secondary to coronary heart disease. It can occur at any
age and in any racial or ethnic group, affecting millions of people all
over theworld, especially the aging population [6]. In America, it threats
an estimated 44 million people, or 55% of the people of 50 years of age
and older [7]. In Europe, osteoporosis related fractures account for
more disability-adjusted life years (DALYs) lost than common cancers
except for lung cancer [8]. In China, it is estimated that over 90 million
people are suffering from osteoporosis [9]. In addition, about 18% of
women and 6% of menworldwide will experience hip fragility fractures
resulting from osteoporosis [10]. Most cases of osteoporosis occur in
postmenopausal women due to the dramatic estrogen levels decline as-
sociatedwithmenopause. About 40% of postmenopausal women are af-
fected by osteoporosis, and with an aging population, this number is
expected to steadily increase in the near future [11]. The economic bur-
den of osteoporosis is markedly increased with the expansion of aging
world population [12].

The ideal strategy for treating osteoporosis is to inhibit bone resorp-
tion by osteoclasts and/or increase bone formation by osteoblasts.
However, most of the current therapies for treating osteoporosis
focus on inhibiting bone resorption, and there are only few agents
available that promote bone formation. Major treatments currently
used for osteoporosis include hormone-replacement therapy (HRT)
[13], bisphosphonates [14], calcitonin, selective estrogen receptor
modulators (SERMs) like raloxifene and droloxifen [15], recombinant
human parathyroid hormone (rhPTH), Vitamin D analogs, and
ipriflavone [16,17]. The effect of these drugs in increasing bone mass
or recovering bone loss is relatively minor, probably no more than 2%
per year [18]. However, conventional drug therapies have both pros
and cons. For example, while estrogen replacement has produced posi-
tive results with respect to improved bone mineral density (BMD) and
reduced fracture incidence in early menopause, its prolonged use is re-
stricted because of potential complications such as breast cancer, uter-
ine bleeding, and cardiovascular events. One concern related to the
usage of bisphosphates is the complications of osteonecrosis of the
jaw (ONJ). The incidence of ONJ disease seems relatively low in patients
receiving oral bisphosphates for osteoporosis or Paget's disease and
considerably higher in patients with malignancy receiving high doses
of intravenous bisphosphates [19]. Despite an excellent safety profile
for parathyroid hormone (PTH), concerns do arise from its persistence
after discontinuation without sequential use of antiresorptive drugs
[20]. In addition, PTH is contraindicated for patients at risk for osteosar-
coma. The belief that combined use of both types of drugs may have a
synergistic effect on BMD is not fully supported by some observational
studies [21,22]. To date, most of the effective osteoporosis therapies re-
duce bone loss but do not restore lost bone mass and strength. It is de-
sirable, therefore, to have satisfactory bone building (anabolic) agents
that stimulate new bone formation and correct the imbalance of trabec-
ular microarchitecture characteristic of established osteoporosis, which
would create a new alternative for treating osteoporosis [23].

In recent years, there is a growing interest in the treatment of oste-
oporosis with plant-based therapies including traditional Chinese med-
icines (TCM), for which extensive experience has been accumulated
over thousands of years [24]. TCM have been widely used in clinical
practice to prevent and treat bone diseases in many countries of the
world, because they have fewer adverse reactions and aremore suitable
for long-term use compared with chemically synthesized medicines.
TCM contain numerous chemical constituents, which usually exert
their therapeutic effects through multi-pathways and multi-targets,
these properties are in correspondence with the multi-factorial patho-
genesis of osteoporosis [25]. Natural products that derived from
TCM have been shown to be excellent and reliable sources for the
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