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Osteoporosis is a major bone disorder defined as having bone mineral density (BMD) of 2.5 standard
deviations or more below the peak bone mass. Osteoporosis will increasingly be a major disorder that
faces the aging mankind. It is the result of an imbalance in the bone remodeling system, where bone
constantly undergoes a cycle of resorption by osteoclasts and formation by osteoblasts. Estrogen defi-
ciency in women following menopause is identified as the predominant reason that causes disparity
in this system. Current medical treatments for osteoporosis include hormone replacement therapy
(HRT), biphosphonates, and teriparatide, but have various side effects that raise questions concerning
their medical safety and practicality. Alternative treatments involving natural product sources are un-
der study to find a safer therapy. Many natural sources including lactoferrin and isoflavones and nu-
merous traditional herbal medicines exhibit anti-resorptive or anabolic effects on bone and thus show
promises to provide therapeutic agents in treating osteoporosis. Unfortunately, the majority of natural
product treatments are still in its preliminary stages to prove their efficacy even though the develop-
ment pace of treatment for osteoporosis is astounding in the past few decades. Further progress in
pre-clinical studies and the subsequent clinical studies will someday lead to a breakthrough that takes

us another step forward in science.
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Introduction

Osteoporosis is a bone disease characterized by a decrease
in bone mineral density (BMD) and thus the weakening of
bone strength. It has been estimated that more than 10 mil-
lion people suffer from osteoporosis in the United States
alone [27]. While osteoporosis is thought to have existed
throughout human history, it has only quite recently become
a global health issue. Osteoporosis may occur in all of age
and ethnic groups; however, osteoporosis is most common
in postmenopausal women, as the decrease in estrogen is
identified as the main reason for the loss of bone mineral
density. Similarly, testosterone deficiency in men is also
linked to osteoporosis but its effects are not as pronounced.
Many factors may provoke the onset of osteoporosis, includ-
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ing hyperparathyroidism, hyperthyroidism, corticosteroid
hormones, lack of vitamin D, with the aforementioned estro-
gen deficiency playing a critical role [33]. In a study done
by the World Health Organization (WHO) on osteoporosis,
a direct correlation between the percentage of osteoporotic
population and age was reported [48] (Table 1). As new tech-
nologies emerge and developments are made in the field
of medicine, life expectancy will also increase. With the ev-
er-increasing number of people who reach the advanced age,
the osteoporotic population is also expected to rise. Unfortu-
nately, the chemically synthesized medical treatments being
used today have various drawbacks that make their use
somewhat problematic. Alternative methods involving natu-
ral food and plant sources are under research, in hopes of
finding a safer treatment with fewer side effects.

In women, the accepted normal value for bone mineral
density is within 1 standard deviation below the young
adult average, or the peak bone mass. BMD between 1 and
2.5 standard deviations below the peak bone mass is catego-
rized as low bone mass, or osteopenia, and having BMD 2.5
standard deviations or more below peak bone mass is de-
fined as osteoporosis [48]. Osteoporosis itself does not have
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Table 1. Percentage of 1990 US white women with osteoporosis

Osteoporosis
Age range (years) Any sites (%) Hip alone (%)
30-39 0 0
40-49 0 0
50-59 14.8 39
60-69 21.6 8.0
70-79 385 245
80+ 70.0 47.5
=50 303 16.2

*Population shows increased percentage of people with osteo-
porosis with advancement of age. Adapted from the World
Health Organization (WHO) Report [48].

any special symptoms and is often referred to as a “silent”
disease because its effects are not shown until a fracture oc-
curs, usually in the distal forearm (wrist), proximal femur
(hip) and the vertebrae (spine). A fracture caused as a result
of diminished of bone strength due to osteoporosis is known
as fragility fracture. This, coupled with the greater propen-
sity to fall with advanced age, makes osteoporosis especially
dangerous for the elderly. While fragility fractures are rarely
lethal, they can lead to many intangible complications such
as chronic pain, impaired mobility, stooped posture, and loss
of independence [4]. The economic costs of treatment for os-
teoporosis can be difficult to measure, since not all bone frac-
tures are caused by osteoporosis, and osteoporosis itself is
not enough to directly cause a fracture.

Pathogenesis

To understand the pathogenesis of osteoporosis, a closer
look at how the bone system works is required. Fundamen-
tally, osteoporosis is a result of an imbalance in the bone
remodeling matrix, where bone is constantly being resorbed
by osteoclasts and ossified by osteoblasts. Bone remodeling,
or bone metabolism, is a sequential process consisting of 5
phases: activation, resorption, reversal, formation, and quies-
cence [13] (Fig. 1). In the first activation phase, mononuclear
pre-osteoclasts migrate to specific sites on the skeletal sur-
face and fuse to form multinucleated osteoclasts, where it
can then proceed to break down the bone matrix in the re-
sorption phase. Apoptosis of osteoclasts occur in the reversal
phase, and the resorbed bone cavity is prepared to be rebuilt.
As the name suggests, the formation phase is characterized
by the formation of new bone material by osteoblasts. Thus
the process of bone remodeling completes, and the bone lies
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Fig. 1. Bone remodeling cycle. Bone undergoes constant turn-
over through various phases. These phases can largely
be divided into the activation phase, resorption phase,
reversal phase, formation phase, and the quiescence or
resting phase. The bone remodeling cycles ensures the
healthy maintenance of bone structure. Adapted from
Hill [13].

dormant in its quiescence phase until the next cycle. Such
constant destruction and reformation allow for the main-
tenance of bone mass and preservation of bone micro-
architecture. For osteoporosis, the three pathogenetic mecha-
nisms have been identified as a) failure to achieve peak bone
mass during growth; b) excessive bone resorption and; c)
inadequate bone formation in response to bone resorption
[31].

The differentiation and activation of osteoclasts is medi-
ated by a molecule called receptor activator for nuclear fac-
tor x B ligand (RANKL), also known as TNF-related activa-
tion-induced cytokine (TRANCE), found on the surface of
pre-osteoblasts [16]. Experiments have shown that RANKL
knockout mice develop severe osteopetrosis, a condition
quite contrary to osteoporosis where bones harden and be-
come denser. RANK, the receptor for RANKL, can be in turn
found on pre-osteoclasts, which ensures that the activation
of osteoclasts is followed by a wave of osteoblasts. Another
molecule, known as osteoprotegerin (OPG), can also bind
to RANKL and block the RANK/RANKL pathway. OPG
therefore acts as a “decoy” receptor that competes with
RANK, and inhibits the formation of osteoclasts [43]. This
OPG/RANK/RANKL system has been studied extensively
in recent years, especially in its role in bone disorders includ-



Table 2. Current drugs used for bone related disorders
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Drugs Chemical Classes

Mechanisms of Action

Side Effects

Alendronate/Risedronate/

Ibandronate/Zoledronic Acid Bisphosphonates

Osteoclast activity |

Gastrointestinal toxicity, weight loss,
bone pain, low calcium levels

Estrogen Sex steroid Osteoclast developmentl Endometrial cancer, stroke
Raloxifene Estrogen mimic Osteoclast development | Leg cramps, hot flashes
Estren Estrogen derivative ~ Osteoblast apoptosis | Breast cancer

Teriaparatide Peptide Bone formation 1 Pain, headache, diarrhea
Denosumab RANKL antibody Osteoclast developmentl Nausea, diarrhea, cramps
Calcitonin Peptide hormone Osteoclasts activityl Nausea, skin redness, diarrhea

Parathyroid hormone-related

peptide (PTHrP) Osteotrophin

Bone formation 1

Nausea, weakness

*Various drugs and their side effects are summarized in this Table. Adapted from Sethi and Aggarwal [19].

ing osteoporosis.

Current Medical Treatments

Many treatments for osteoporosis have been used over
the years, but no permanent cure has been found to date.
Present day medical treatments for osteoporosis largely fall
under one of two categories: inhibitors of bone resorption,
or bone anabolic agents aimed at rebuilding resorbed bone.
All major medications for osteoporosis in use today such
as biphosphonates, estrogen or estrogen analogues, and ter-
iparatide are included in these categories (Table 2). Intake
of nutritional factors such as calcium, phosphate, and vita-
min D were shown to have beneficial results as well [5].
Weight-bearing exercises can also be used, similar to how
astronauts regularly perform exercises during space flight
to maintain skeletal mass. Following an 11 month-long
weight-bearing exercise schedule, it was shown that the
BMD of test subjects (postmenopausal women) were sig-
nificantly increased, specifically in the lumbar spine and the
proximal femur [18]. Furthermore, weight-bearing exercise
was shown to have an additive effect when used in con-
junction with hormone replacement therapy (HRT).

As previously mentioned, the lack of estrogen, which de-
termines the rate of bone resorption, plays a key role in the
development of osteoporosis. Hormone replacement ther-
apy, which involves artificially boosting hormone pro-
duction using a group of medication to alleviate the symp-
toms of menopause, has improved the conditions of female
osteoporotic patients. Although experiments have shown
that total body BMD except for wrist was significantly in-
creased in response to HRT, prolonged use of HRT have

side effects such as the increased risk of uterine cancer [18].
Also, there has been 20% to 50% increase in the risk of breast
cancer, and rarer side effects include thromboembolic dis-
ease, which HRT increases the risk by three-fold [32].

Biphosphonates, named for its two phosphonate groups,
are currently very popular and used as first line drugs in
treating osteoporosis. Once taken, biphosphates block essen-
tial protein synthesis pathways and therefore inactivates and
eventually leads to apoptosis of osteoclasts. Decrease in the
number of osteoclasts leads to an increase in BMD and bi-
phosphates have suppressed bone fractures by up to 50%
[32]. However, certain side effects are noted. Oral intake of
biphosphate has caused inflammation of esophagus and
sometimes, osteonecrosis of the jaw [47]. Recent researches
indicate that intake of biphosphonate may lead to atrial fi-
brillation [2]. Also, unlike other medications, biphosphates
are not fully metabolized or ejaculated out of the body
system. Although their long term effects have yet to be dis-
covered, it has been shown that biphosphates are accumu-
lated in bone with use [28].

Teriparatide is a type of parathyroid hormone and there-
fore the primary regulator of calcium and phosphate
metabolism. Teriparatide has shown to increase BMD in
lumbar spine and hip [34]. Although teriparatide shows
promising results, it has also shown certain side effects.
Teriparatide is known to increase the risk of osteosarcoma
in rats and National Institute of Health recommends that
teriparatide should not be used to prevent or treat mild os-
teoporosis [42]. However, studies have not yet confirmed
causual relationship between teriparatide and human
osteosarcoma.
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Natural Product Treatments

Despite their success in treating osteoporosis, present day
medications have numerous side effects that make their use
somewhat limiting [37] (Table 2). Alternatively, treatments
using natural products are being researched in hopes of find-
ing safer and inexpensive ways of treating osteoporosis
(Table 3). Historically, many cultures, most notably those in
Eastern Asia, have been using natural remedies to cure ill-
nesses for many centuries. These “Oriental” medicines,
while not founded on modern chemistry or pharmacology,
have nonetheless proven their use through years of develop-
ment. There is no doubt that many of these medicines do
have a positive effect on the illnesses they are claimed to
cure. However, it is unclear as to which ingredients, or
chemical compounds are the ones primarily involved in the
mechanisms that heal the patient. Recent studies have
re-evaluated traditional herbal medicines and identified a
few compounds that show potential as anti-resorptive, or
bone anabolic agents. Once fully developed, these herbal
medicines can provide a cost-effective alternative to chemi-
cally synthesized medicines.

With the advent of the Internet age, a growing trend of
seeking self-medication or simple dietary changes to im-
prove one’s health has also contributed to the increased pop-
ularity of natural remedies. However, because unsub-
stantiated or unreliable claims are made on many of the
websites providing natural treatments for osteoporosis [43,
46], more studies need to be conducted in order to establish
a firm foundation supported by scientific evidences. The
beneficial effects of calcium and vitamin D on bone are well
publicized, but little is known of other food derivatives and
their effects on bone physiology. Some common food sour-
ces have been examined for their effects on bone disorders
[30], of which lactoferrin purified from milk and isoflavones
from soy beans (Glycine max) are two of the best studied.

Milk is a highly nutritional fluid drunk primarily in the
infantile stages of mammals, when rapid skeletal develop-
ment is required. So it may come as no surprise that lacto-
ferrin, a component in human, as well as bovine milk, can
have positive effects on bone health. Lactoferrin is an iron-
binding glycoprotein and is known to have antibacterial
properties in addition to transferring iron. The skeletal ef-
fects of lactoferrin have been studied both in vitro and in
vivo, which has powerful anabolic, differentiating, and an-

ti-apoptotic effects on osteoblasts and inhibits osteoclasto-

genesis [8].

Soy beans have long been thought to be beneficial to the
bone in East Asian cultures. Although they are native to East
Asia, soy bean and its derivative tofu are increasingly being
studied for their health effects in the west since its role in
disease prevention received widespread attention in the sci-
entific community in the 1990s [24]. Soy and its bean
(Fabaceae) family are the almost exclusive producers of iso-
flavones, with soybeans being a particularly high producer
of one type of isoflavone, daidzein [11]. Because daidzein
and other isoflavones can bind to estrogen receptors, they
act as phytoestrogens (literally, plant estrogens). Despite the
initial expectations, studies of isoflavones and their effects
on bone health have yielded mixed results, with some pa-
pers reporting increased BMD in test subjects [9], while oth-
ers maintain that they are merely suggestions and not con-
clusive evidence that isoflavones are beneficial [3, 6]. The
variance in study results may be explained by another iso-
flavone called equol. Equol is metabolized from daidzein,
however only 30 to 50% of the human population can bio-
transform daidzein into equol [12]. There are indications that
the prevalence of equol-producing phenotype may be great-
er in the Asian subpopulation than the Caucasian sub-
population [40]. Equol attracts and binds to estrogen re-
ceptors better than daidzein. Setchell et al. proposed that the
clinical effectiveness of soy on various health issues includ-
ing bone health may be a function of the ability to produce
equol, and therefore the failure to distinguish subjects as an
“equol producer” or “non-equol producer” in prior studies
could explain the variance in results [36]

The seeds of Carthamus tinctorius L., more commonly
known as safflower, have long been used in traditional
Korean medicine. It is known as Honghwa in Korea and
believed to be effective in treating bone-related injuries, such
as fractures, as well as postmenopausal osteoporosis. Trials
on ovariectomized rats suggest that safflower seeds can in-
deed stimulate osteoblastic differentiation [17]. Experiments
showed that safflower seeds combined with human placenta
in a medicinal recipe called Gami-honghwain enhanced the
activity of alkaline phosphatase (ALP), the biochemical
marker of osteoblastic activity, in a dose-dependent manner
[17]. The rhizome (“root”) of the fern Drynaria fortune (known
as Golsebo in Korean and Gusuibu in Chinese) is another
herbal medicine traditionally used to strengthen bone, in ad-
dition to promoting blood circulation and kidney health. In
1996, it was found that Drynaria rhizome injection promoted



Table 3. Natural products for treatment of bone related disorders
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Natural Products Sources Mechanisms of Action References
BNO 1055 Cimicifugae sp. Bone formation 1 (similar to estrogen) 49
Camphor, thymol Herbs rich in essential oils Bone resorption pits | 25
Catechin Green teas Osteogenesis T . 7

Bone resorption pltsJ,
Curcumin Curcuma longa Osteoclastogenesisl 1, 14
Daidzein Soy beans and peas Bone strength 3
DT56a Soy beans SkeletalltlssuesT . 29
Bone mineral densnyT
Echinacoside Cistanche tubulosa Bone regenerationT 21
Epigallocatechin Green teas Apoptosis of osteoclasts 1 26
Soy beans o .
Equol 1
qaue (metabolized daidzein) Similar to daidzen 36
Fructo-oligosaccharides Yacon roots, chicory roots, leeks Re.stored ?one mineral density and 10
microarchitecture
Leolutamyl-propenv Osteoclasts activity |
g Uamy T propenly Allium cepa (Onion) Bone resorption | 45
L-cysteine sulfoxide . .
Tartrate-resistant acid phosphatase |
. Bone protection
Genistein Soy beans Osteoblasts differentiation T 2
Teariin Herba epimedii Osteob?asts Prol‘lferatlon, differentiation 1
and mineralization 1

Isotaxiresinol Taxus yunnanensis Bone mmeral. density f 51
Bone resorption |

Lactoferrin Milks Anti-apoptosis o.f osteroblasts 1 9
Osteoclastogenes1s l
Osteoblasts differentiation T

. . Osteoclasts apoptosis

Naringin Citrus peels . 20, 23
Osteoclastogenes1s l
Bone resorption |

Oleuropein Olives Osteoblastogenesis 1 35

Puerarin Radix Puerariae Osteoblasts c.hfferentlatlonT m
Bone formation 1

Resveratrol Grapes Osteoblastogenesis and bone formation 52

. . L ) Bone mineral density protecttion

Trit d C h 22
fiterpenords imicifugac rhizome Osteoclasts formation and bone resoptionl
L Apples, bilberries, Cra.nberrles, Osteoblasts differentiation 1
Ursolic acid elderflower, peppermint, rosemary, . 19
New bone formation |
lavender, thyme
) ) Osteoblasts differentiati
Extract Carthamus tinctorius (Safflower) sleoblasts drerentia IOI?T. 17
Alkaline phosphatase activity 1
Drynariae fortune Bone formation 1
Extract Y : Alkaline phosphatase activity 15
(Glosebo in Korean) . . . -
Osteoblasts proliferation and differentiation 1
Extract Angelica sinensis Alkaline phosphatase activity | 50

(Danggwi in Korean)

Osteoprecursor cells 1
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calcification of chick embryo bone primordium and in-
creased ALP activity. A more recent investigation on cell
cultures confirmed the increase in ALP activity, indicating
that Drynaria rhizome directly stimulates proliferation and
differentiation of osteoblasts [15]. Similarly, aqueous extracts
of Angelica sinensis, an herb with a ginseng-like appearance
known as Danggwi in Korean and Dongquai in Chinese, was
found to stimulate ALP activity, protein secretion and type
I collagen synthesis of osteoprecursor cells [50].

In 2005, Shishodia et al. reviewed the various health ef-
fects of the Indian spice turmeric, which is derived from the
rhizome of the plant Curcuma longa [38]. The key active in-
gredient in turmeric is identified as curcumin, which gives
turmeric its distinctive orange-yellow color. Curcumin is
used in Ayurveda and Chinese medicine to treat in-
flammation. More specifically, it was reported by Bharti et
al. that curcumin inhibits osteoclastogenesis by suppressing
RANKL signaling [1]. Tumeric has traditionally been used
in many South Asian and Middle Eastern cuisine. Phase I
clinical trials of curcumin indicate that humans can take
doses of up to 3,600-8,000 mg daily for 4 months without

side effects, other than mild nausea and diarrhea [14].

Conclusion

It is clear that osteoporosis is and will increasingly be a
major disorder that faces the aging mankind. In this field,
much still remain unknown and a cure, elusive. As many
controversies surround the medical safety of current treat-
ments for osteoporosis, a greater urgency is placed on the
discovery of a treatment from a natural source that is proven
to be safe and effective. Unfortunately, the majority of natu-
ral product treatments is still in its preliminary stages, and
has yet to prove their efficacy in clinical trials. Nonetheless,
the pace of developments regarding osteoporosis treatment
in the past few decades is astounding. Further progress in
pre-clinical studies and the subsequent clinical studies will
someday lead to a breakthrough that takes us another step

forward in science.
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