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Abstract 
 
Pycnogenol® (PYC) is a natural plant extract from the bark of Pinus pinaster Atiton 
that has potent anti-oxidant activities. Recent studies have shown that orally admin-
istered PYC can increase the biomechanical strength of bone and bone mineral den-
sity in ovariectomized rats. However, the effect of PYC on osteoblast mineraliza-
tion has not yet been examined. We studied the differentiation and mineralization 
in mouse osteoblast-like MC3T3-E1 cells. PYC enhanced the metabolic activity 
dose dependently using an MTT assay by 120% (37.5 μg/ml) to 180% (375 μg/ml). 
The calcium depositions of the cells by alizarin red S staining were increased for 28 
days after the culture with 375 μg/ml PYC. PYC activated the expression of estro-
gen receptor β (ERβ) about 2.8-fold for 28 days after the culture with 375 μg/ml 
PYC. These results suggest that PYC stimulates osteoblastic differentiation and mi-
neralization via the expression of ERβ. 
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Introduction 

 
Postmenopausal osteoporosis associated with bone loss is a major bone disease amo-

ng elderly women.  Osteoporosis is a skeletal disorder characterized by decreased bone mass 
as a consequence of enhanced bone resorption relative to bone formation.  Recent studies ha-
ve shown the importance of oxidative stress in bone metabolism and bone loss. Green tea 
polyphenol, antioxidant vitamin, carotenoid and antioxidant lycopene have been shown to re-
lieve osteoporosis by reducing bone loss in postmenopausal women (Shen, et al., 2009; Sugi-
ura, et al., 2010; Mackinnon, et al., 2010).  Pycnogenol® (PYC), a family of flavonoids isola-
ted from French maritime pine bark (Pinus pinaster Aiton., synonym Pinus maritima Mill.), 
is standardized to contain 70±5% procyanidins, which consist of condensed catechin and epi-
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catechin with potent antioxidant and ROS scavenging properties (Heather, 2010). Recent stu-
dies have confirmed that orally administered PYC can decrease bone turnover rate in ovarie-
ctomized rats, resulting in positive effects on the biomechanical strength of bone and bone 
mineral density (Mei, et al., 2012). The present study was designed to evaluate the effects of 
PYC on bone formation using cultured osteoblast. MC3T3-E1 cells, an osteoblast-line cell 
line, reported by retain the capacity to differentiate into osteoblast (Sudo, et al., 1983). In the 
present study, the in vitro effect of PYC on the differentiation and mineralization in MC3T3-
E1 cells was investigated to determine any possible bioactivities in bone metabolism. 
 
Material and methods 
 
Cell Culture and Chemicals 

 
Osteoblastic MC3T3-E1 cells (purchased from RIKEN Cell Bank, Tsukuba, Japan) 

were cultured at 37 °C in 5% CO2 in an α-modified minimal essential medium (α-MEM, Inv-
itrogen, Life Technologies Corp., Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (BioWest S.A.S, France), 100 U/ml penicillin, and 100 μg/ml streptomycin (Invitro-
gen, Life Technologies Corp., Carlsbad, CA, USA). Disodium β-glycerophosphate (10 mM, 
Sigma-Aldrich, St. Louis, MO, USA) and L-ascorbic acid (50 μg/ml, Sigma-Aldrich, St. 
Louis, MO, USA) were added to the culture medium to differentiate into osteoblasts. PYC 
was provided by DKSH Japan K. K., Tokyo, Japan (Product name: PYCNOGENOL®, certif-
icate number: CA09-063, content of procyanidins: 67%). 
 
Proliferation assay 

 
The metabolic activity of MC3T3-E1 cells was determined using an MTT assay kit (Ce-

ll Counting Kit-8, Dojindo, Kumamoto, Japan).  After the cells were treated with PYC for 5 
days, a 10μl MTT solution was added and incubated at 37 °C for 2 h.  The absorbance at 450 
nm was measured on a micro-plate reader (Multiskan JX, Thermo Fisher Scientific, Tokyo, 
Japan). 
 
Mineralization assay  

 
The calcium depositions of MC3T3-E1 cell cultures were stained by alizarin red S sol-

ution (Wako Pure Chemical Industries, Ltd., Osaka, Japan). PYC (375 μg/ml) was added thr-
oughout the culture. The cells were rinsed 3 times with PBS and fixed with 95% ethanol for 
10 min, washed 5 times with distilled water, and stained with 2% alizarin red S for 5 min. 
 
Western blotting  

 
Intracellular protein extracts were analyzed on a 12% polyacrylamide mini-gel electro-

phoresis at room temperature. After the transfer onto PVDF membranes (Merck Millipore 
Corporation, Tokyo, Japan), the membranes were blocked, incubated with a 1:500 dilution of 
anti-mouse ERβ polyclonal antibody (Assay Biotechnology Company Inc., Sunnyvale, CA, 
USA), and incubated with a 1:300 dilution of anti-rabbit IgG (Biomedical Technologies, Inc., 
Stoughton, MA, USA) with SNAP i.d.™ (Merck Millipore Corp., Tokyo, Japan). The immu-
noreactive bands were detected using ECL detection reagent (WZ-ECL, Biological Industries  
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Figure 1.  Effect of PYC on proliferation of MC3T3-E1 cells. PYC (PYC-L: 3.75 μg/ml; PYC-M: 37.5 μg/ml; 
PYC-H: 375 μg/ml) were added for 5 days. Proliferation level was evaluated by MTT in a differentiated control 
group. Results are presented as mean ± SEM of six experiments: * p < 0.05 as compared with differentiated co-
ntrols, ** p < 0.01 as compared with differentiated controls (100%).  
 
Israel Beit-Haemek, Ltd., Israel). Densitometry analysis was performed to quantify protein 
level (ImageJ 1.46). Protein content of whole cell lysates was determined by micro BCA ass-
ay (Thermo Scientific, USA).  

 
Statistical analysis 

 
Results are expressed as the mean ± SEM. A probability value of less than 0.05 was 

considered to indicate statistical significance. 
 
Results 
 
Proliferation of MC3T3-E1 cells 

 
Figure 1 shows the level of proliferation of MC3T3-E1 cells. Cell metabolic activity 

was significantly increased dose-dependently in the PYC treatment group than in the control 
group.   

 
Mineralization of MC3T3-E1 cells 

 
Figure 2 shows the level of mineralization of MC3T3-E1 cells. The area stained red in-

dicates the sites where calcium was deposited. Cells in the control group showed no miner-
alization nodules (A), while cells in the presence of β-glycerophosphate and L-ascorbic acid 
formed nodules (B). PYC activated and promoted the mineralization of MC3T3-E1 cells (C).  
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(A)                                    (B)                                    (C) 
 

 
 
Figure 2. Effect of PYC on mineralization of MC3T3-E1 cells that were differentiated for 28 days. Level of 
mineralization was evaluated by alizarin red S staining in a control group (A), differentiated group (B), and 
PYC (375μg/ml) -treated differentiated group (C). 

 
Figure 3.  Effect of PYC on expression of ERβ in MC3T3-E1 cells that were differentiated for 28 days. Level of 
expression of ERβ was evaluated by Western blot analysis in a control group (a), differentiated group (b), and 
PYC (375μg/ml) -treated differentiated group (c). 
 

ERβ expression of MC3T3-E1 cells 
 
MC3T3-E1 cells were reported to use ERβ for the differentiation of osteoblasts. Cells 

in the control group showed no expression of ERβ, but cells in the presence of β-glycero-
phosphate and L-ascorbic acid expressed ERβ. PYC activated the expression of ERβ about 
2.8-fold.  

 
MC3T3-E1 cells were reported to use ERβ for the differentiation of osteoblasts. Figure 

3A shows the level of ERβ expression in MC3T3-E1 cells. Cells in the control group showed 
no expression of ERβ (a), but cells in the presence of β-glycerophosphate and L-ascorbic acid 
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expressed ERβ (b). PYC activated the expression of ERβ (c) 2.6- fold higher than the differ-
entiated osteoblasts (Fig. 3B).  

 
Discussion 

 
Osteoblast proliferation is important in maintaining bone mineral density. Oxidative 

stress has been found to exert an inhibitory effect on osteoblast differentiation (Bai, et al., 
2004). There are many reports concerning the activated effect of natural products, including 
polyphenol in the mineralization of MC3T3-E1 cells (Hagiwara, et al., 2011; Bu, et al., 
2009). We reported that PYC increased both proliferation and mineralization in MC3T3-E1 
cells. PYC was found to be able to counteract the effects of ROS on osteoblast differenti-
ation.  

 
Estrogen deficiency is the major cause of osteoporosis in postmenopausal women.  

Estrogen is important in maintaining the balance between osteoblasts and osteoclasts in bone 
homeostasis (Manolagas, et al., 2002). Estrogen binding to receptors (ERα and ERβ) induc-
es estrogen receptor dimerization and translocation to the nucleus (Gruber, et al., 2004). Ost-
eoblastic production was regulated by ERβ via the p38 mitogen-activated protein kinase 
signaling pathway (Wang, et al., 2012). We showed that PYC could cause proliferation and 
mineralization via the activation of ERβ. These results suggest that PYC stimulates osteobla-
stic differentiation via ROS scavenging properties and the expression of ERβ. These findings 
suggest that PYC is useful in preventing osteoporosis in postmenopausal women.   
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