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This review has been written to outline the recent advances 
concerning the role of HCA in the regulation of bone homeostasis and 
in the prevention of osteoporosis.
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surface. This is followed by active resorption by osteoclasts, after which 
cells withdraw from the bone surface and mononuclear phagocytic 
cells appear on the newly resorbed surface. Osteoblasts arising from 
local mesenchymal stem cells assemble at the bottom of the cavity, and 
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The material with a low molecular weight of 158 may be the active 
component in wasabi leafstalk that stimulates bone mineralization. 
Cinnamic acid, p-hydroxycinnamic acid (HCA), ferulic acid, caffeic 
acid, or 3,4-dimethoxycinnamic acid (DCA) has been found to be 
present in the wasabi leafstalk. When rat femoral tissues were cultured 
in a medium containing these phenolic acids, HCA was found to 
uniquely have a potential-anabolic effect on bone mineralization in 
vitro [26]. The molecular weight of HCA is 164. We judged that HCA 
was an active component in wasabi leafstalk that reveals bone anabolic 
effect.

HCA Stimulates Osteoblastic Bone Formation In vitro
Cinnamic acid is present in many plant and fruits. HCA is an 

intermediate-metabolic substance in plants and fruits, and it is 
synthesized from tyrosine. The effect of cinnamic acid or its related 
compounds, which their chemical structures are shown in Figure 1, on 
bone metabolism is examined in vitro using rat femoral tissues [25]. 
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PTH caused a decrease in calcium content and an increase in the activity 
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In addition, the diaphyseal DNA content was also decreased in 
STZ-diabetic rats. Administration of HCA (2.5, 5, or 10 mg/kg) caused 
an increase in DNA content in the diaphyseal and metaphyseal tissues 
in STZ-diabetic rats. DNA content in the bone tissues is an index of the 
number of existing bone cells [15]. HCA may stimulate an increase in 
bone cells including osteoblastic cells in the diaphyseal and metaphyseal 
tissues of STZ-diabetic rats in vivo. This may be partly contributed to 
the increase in bone calcium content in STZ-diabetic rats. Presumably, 
the intake of HCA has a stimulatory effect on osteoblastic bone 
formation in diabetic state.

Thus, the intake of HCA has a preventive effect on bone loss in 
STZ-diabetic rats and has a restorative effect on serum biochemical 
findings in the diabetic state, suggesting that HCA has a restorative 
effect on diabetic state. HCA may have a role in the prevention and 
treatment of osteoporosis in diabetic state.

As mentioned above, HCA has been demonstrated to have an 
anabolic effect on bone mass due to stimulating osteoblastic bone 
formation and inhibiting osteoclastic bone resorption and has a 
restorative effect on bone loss induced in OVX and diabetic rats. The 
supplemental intake of HCA may have a role in the prevention and 
treatment of osteoporosis. 

Summary and Prospect
Diet and nutritional status are critical factors that influence bone 

development and aged bone loss. Phytochemicals as food functional 
factor may play a role in delay degenerative bone disorders with aging 
and in treatment of osteoporosis with various pathophysiological 
conditions. Phytocomponent p-hydroxycinnamic acid (HCA) was 
found to have the osteogenic effects due to stimulating osteoblastic 
bone formation and suppressing osteoclastic bone resorption in 
vitro and the preventive effects on bone loss, which is induced with 
ovariectomy and diabetes in vivo.

The finding, that HCA has an osteogenic effect, was the first 
time in this study. Molecular mechanism by which HCA stimulates 
osteogenesis and suppresses osteoclastogenesis may be mediated 
through suppression of NF-κB activation. NF-κB is a signaling factor 
that plays a pivotal role in the regulation of bone homeostasis regulated 
through inflammatory cytokines. Whether HCA has an effect on other 
transcription and signaling systems, however, remains to be elucidated.

HCA had a potently stimulating effect on osteogenesis as compared 
with that of other phenolic acids (including ferulic acid, caffeic acid, 
or 3,4-dimethoxycinnamic acid), indicating a relationship with 
chemical structure and osteogenic activity. Phytochemical HCA may 
be usefulness as pharmacologic tool to treat osteoporosis. HCA analog 
with more potently effect may be developed. Clinical studies in bone 
disorder are expected through further experiments.
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