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Abstract. Phytocomponent p-hydroxycinnamic acid (HCA)
has been shown to have stimulatory effects on bone calcifi-
cation and inhibitory effects on bone resorption in rat femoral
tissues in vitro. Whether HCA has a stimulatory effect on
mineralization in osteoblastic cells is unknown. This study was
undertaken to determine the effect of HCA on mineralization
in osteoblastic MC3T3-El cells in vitro. Cells were cultured
for 72 h in a minimum essential medium (e-MEM) containing
10% fetal bovine serum (FBS), and the cells with sub-
confluency were changed to a medium containing either
vehicle or HCA (107-10° M) without FBS. Culture with
HCA (107-10° M) did not have a significant effect on cell
proliferation and cell death. Deoxyribonucleic acid (DNA)
content in osteoblastic cells was significantly increased after
culture with HCA (10 or 10° M) for 48 or 72 h. Alkaline
phosphatase activity in osteoblastic cells was significantly
increased after culture with HCA (107-10 M) for 24, 48, or
72 h. The results with Alizarin red staining for calcium
showed that mineralization was significantly stimulated after
culture with HCA (108-10 M) for 7, 14, or 21 days. This
study demonstrates that HCA has stimulatory effects on
mineralization in osteoblastic MC3T3-E1 cells.

Introduction

Osteoporosis with a decrease in bone mass is widely recog-
nized as a major public health problem (1,2). The most
dramatic expression of this disease is represented by fractures
of the proximal femur. Deficiency of nutrients is after observed
in the elderly, and it appears to be more severe in patients
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with fracture than in the general aging population (3.4).
Pharmacological and nutritional factors are needed to prevent
bone loss with increasing age (5-7). Bone loss may be due to
decreased bone formation and increased bone resorption.

Cinnamic acid is present in many plants. p-Hydroxy-
cinnamic acid (HCA) is an intermediate metabolic substance
in plants, and it is synthesized from thyrosine. HCA is found
in turnip tops, corn bran, and oregano (8-10). Among
cinnamic acid and other related compounds (including HCA,
ferulic acid, caffeic acid, and 3 4-dimethoxycinnamic acid),
HCA has unique anabolic effects on bone components
(11). HCA has been found to have stimulatory effects on
bone formation and inhibitory effects on bone resorption in
rat femoral tissues in vitro (11). HCA has potent inhibitory
effects on osteoclast-like cell formation in mouse bone
marrow cultures in vitro (12). The intake of HCA is found
to have anabolic effects on bone components in the femoral
tissues of normal rats (13), inhibitory effects on bone loss in
diabetic rats administered with streptozotocin (14), and
preventive effect on bone loss in ovariectomized rats (15).
HCA may have a role in the prevention of osteoporosis with
aging.

Whether HCA has anabolic effects on osteoblastic cells
that are involved in bone formation and mineralization has
not been clarified. This study was undertaken to determine
the effect of HCA in osteoblastic MC3T3-E1 cells in vitro.
We found that HCA stimulates mineralization in osteoblastic
cells in vitro.

Materials and methods

Chemicals. a-minimal essential medium (a-MEM) and
penicillin-streptomycin (5,000 U/ml penicillin; 5,000 pg/ml
streptomycin) were obtained from Gibco Laboratories.
Fetal bovine serum (FBS) was obtained from Bioproducts,
Inc. p-Hydroxycinnamic acid (HCA) and alizarin red S
was purchased from Sigma (St. Louis, MO, USA). Other
chemicals were of reagent grade and were obtained from
Wako Pure Chemical Industries (Osaka, Japan). All water
used were glass distilled.

Cell culture. Osteoblastic MC3T3-E1 cells were cultured at
37°C in a CO, incubator in plastic dishes containing a-MEM
supplemented with 10% FBS. They were subcultured every
3 days using 0.2% trypsin plus 0.02% EDTA in Ca>*/Mg?*-free
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Figure 1. Effect of p-hydroxycinnamic acid (HCA) on cell death of osteoblastic MC3T3-E1 cells. Osteoblastic cells (1x10° cells) were cultured for 72 h in a
medium containing 10% FBS. Cells with subconfluency were changed to a medium without FBS in the presence or absence of HCA (107-10° M). After
medium change, cells were cultured for 24, 48, or 72 h. After trypsinization of the cells in each cultured dish, cells were collected and counted. Each value is
the mean + SEM of six cultures. Data were not significant as compared with the value between control and HCA treatment.

phosphate-buffered saline (PBS). For experiments, about
1.0x10° cells per dish were cultured for 72 h to obtain subcon-
fluent monolayers in 35-mm plastic containing 2 ml a-MEM
with 10% FBS. After the cells were rinsed with PBS, the
medium was exchanged for medium without FBS containing
either vehicle or HCA (107-10-° M), and the cells were
cultured further for 7-21 days. Cell viability was estimated
by staining with trypan blue.

Cell counting. After trypsinization of the cells in each culture
dish using Ca*/Mg**-free PBS containing 0.2% trypsin and
0.02% EDTA for 2 min at 37°C, cells were collected and
wash-centrifuged in a phosphate-buffer saline (PBS) solution
at 100 g for 5 min. The cells were resuspended in a 0.5 ml
PBS solution, and an aliquot was stained with eosin. The
cells were counted under a microscope using a hemacytometer
plate. For each dish, we took the average of two counts.

Biochemical analysis. To measure DNA content in the cells,
the cells were detached using 0.2% trypsin plus 0.02% EDTA
in Ca**/Mg?*/free PBS and washed with PBS. The cells were
shaken with 2.0 ml of ice-cold 0.1 N NaOH solution for 6 h
after disruption (16). After alkali extraction, the samples
were centrifuged at 10,000 g for 5 min, and the supernatant
was collected. DNA content in the supernatant was determined
using the method of Ceriotti (17) and expressed as the
amount of DNA (ug) per dish.

To determine the protein concentration in osteoblastic
cells, the cells were washed three times with PBS, scraped
into 0.5 ml of ice-cold 0.25 M sucrose solution, and disrupted
for 30 sec with an ultrasonic device. Protein concentration in
the cell homogenate was determined using the method of
Lowry et al (18) and expressed as the amount of protein (#g)
per dish.

To assay alkaline phosphatase activity in the cells after
appropriate treatment periods, the cells were washed three
times with PBS, scraped into 0.5 ml of ice-cold 0.25 M

sucrose solution, and disrupted for 30 sec with an ultrasonic
device. The supernatant, centrifuged at 600 g for 5 min,
was used to measure enzyme activity. The enzyme assay
described below was carried out under optimal conditions.
Alkaline phosphatase activity was determined using the
method of Walter and Schutt (19). The enzyme activity was
expressed as nanomoles of p-nitrophenol liberated per minute
per milligram of protein.

Alizarin red staining. Osteoblastic MC3T3-El cells (2.5x103
cells) were cultured for 72 h in a-MEM containing 10% FBS.
Cells with subconfluency were changed to Dulbecco's
modified essential medium (DMEM) containing ascorbic
acid (100 pg/ml) and 4 mM B-glycerophosphate in the
presence or absence of HCA (108 or 10> M) with 10% FBS.
After medium change, cells were cultured for 7, 14, or 21 days.
The medium was changed with every 3 days. At each time-
point, cells were rinsed with PBS, and fixed on ice with
70% ethanol for 15 min for alizarin red staining of calcium
(20). The Alizarin red solution (40 mM, pH 4.2) was filtered
through Whatman paper and applied to the fixed wells for
30 min at room temperature. Non-specific staining was
removed by several washes in water.

Statistical analysis. Data are expressed as the mean + SEM.
Statistical differences were analyzed using Student's t-test.
P-values <0.05 were considered to indicate statistically
significant differences. Also, we used an ANOVA multiple
comparison test to compare the treatment groups.

Results

Effect of HCA on proliferation of osteoblastic MC3T3-El
cells. The effect of HCA on proliferation of osteoblastic
MC3T3-E1 cells reaching subconfluent monolayer was
examined. Osteoblastic cells were cultured for 72 h in a
medium containing 10% FBS in the presence or absence of
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Figure 2. Effect of p-hydroxycinnamic acid (HCA) on DNA content in osteoblastic MC3T3-El cells. Osteoblastic cells were cultured for 72 h in a medium
containing 10% FBS. After culture, the medium was changed, then HCA (107-10° M) was added in the culture medium without FBS, and the cells were
cultured for an additional 24, 48, or 72 h. Cells washed with PBS and scraped to determine DNA content. Each value is the mean + SEM of six cultures.

“P<0.01 compared with the control (none) value.
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Figure 3. Effect of p-hydroxycinnamic acid (HCA) on alkaline phosphatase activity in osteoblastic MC3T3-E1 cells. Osteoblastic cells were cultured for 72 h
in a medium containing 10% FBS. After culture, the medium was changed, then HCA (107-10° M) was added in the culture medium without FBS, and the
cells were cultured for an additional 24, 48, or 72 h. Cells washed with PBS and scraped to determine DNA content. Each value is the mean + SEM of six

cultures. “P<0.01 compared with the control (none) value.

HCA (107-10 M). The proliferation of osteoblastic cells
was progressively increased with culture of 72 h to reach
confluent monolayers. This increase was not significantly
changed in the presence of HCA (107-10 M) (data not
shown). The effect of HCA (107-10° M) on cell number
was not observed when the cells with subconfluency were
cultured for 24, 48, or 72 h in the absence of 10% FBS

(Fig. 1).

Effect of HCA on biochemical components in osteoblastic
MC3T3-E1 cells. Osteoblastic cells were cultured for 72 h in
a medium containing 10% FBS. Cells with subconfluency
were cultured for 24, 48, or 72 h in a medium containing
HCA (107-10° M) without FBS. The change in DNA content
or alkaline phosphatase activity in osteoblastic cells was

examined. DNA content in osteoblastic cells was significantly
increased after culture with HCA (10 or 10 M) for 48 or
72 h (Fig. 2). Alkaline phosphatase activity in osteoblastic
cells was significantly increased after culture with HCA
(107-10° M) for 24,48, or 72 h (Fig. 3).

Effect of HCA on mineralization in osteoblastic cells. Osteo-
blastic cells with subconfluency were cultured for 7, 14, or
21 days in a medium containing either vehicle or HCA (103-
10° M) to examine the mineralization (Fig. 4). The results
with Alizarin red staining for calcium showed that mineral-
ization was significantly stimulated in the presence of HCA
(10-8-10” M). The enhancement of mineralization was observed
after 7 days of culture. The effect was markedly enhanced
after 21-days of culture with HCA (10 or 10 M).
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Figure 4. Effect of p-hydroxycinnamic acid (HCA) on mineralization in osteoblastic MC3T3-E1 cells. Osteoblastic cells (2.5x10° cells) were cultured for 72 h
in a medium containing 10% FBS. Cells with subconfluency were changed to a medium with 10% FBS in the presence or absence of HCA (103-10-° M).
After medium change, cells were cultured for 7, 14, or 21 days. Cells were washed with PBS and stained with Alizarin red stain. The figure shows one of four

experiments with separate culture.

Discussion

Phytocomponent HCA has been shown to have stimulatory
effects on bone formation and inhibitory effects on bone
resorption in rat femoral tissues in vitro (11). HCA inhibits
osteoclastogenesis in mouse marrow culture in vitro (12),
suggesting that the compound can inhibit osteoclastic bone
resorption. Whether HCA has anabolic effects on osteo-
blastic cells in vitro was examined. HCA was found to have
stimulatory effects on mineralization in osteoblastic MC3T3-E1
cells in vitro.

HCA did not have a significant effect on cell proliferation
of osteoblastic cells in reaching subconfluent monolayers
(data not shown). Also, the number of osteoblastic cells with
subconfluency was not significantly changed after culture
with HCA, indicating that the compound does not induce cell
death.

Culture with HCA caused a significant increase in DNA
content in osteoblastic cells. The effect of HCA in increasing
DNA content in osteoblastic cells was seen in the absence of
FBS. It is speculated that HCA has a stimulatory effect on
DNA synthesis in osteoblastic cells.

Alkaline phosphatase is involved in mineralization in
osteoblastic cells (21). The enzyme activity in osteoblastic
cells was significantly increased after culture with HCA. It is
assumed that HCA stimulates cell differentiation in osteo-
blastic cells.

The results of Alizarin red stain showed that the pro-
longed culture with HCA markedly stimulates mineralization
in osteoblastic cells. This finding may support the view that
culture with HCA induces the differentiation of osteoblastic

cells and stimulates mineralization in the cells. HCA caused
a significant increase in calcium content in rat femoral tissue
culture in vitro (11). Thus, HCA was demonstrated to have
stimulatory effects on osteoblastic mineralization.

In conclusion, it has been demonstrated that culture with
HCA stimulates mineralization in osteoblastic MC3T3-E1
cells in vitro.
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