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ABSTRACT 

 

Investigation of bio-active compounds inducing osteoinductive activity  

in Mesenchymal stem cell 
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The current approach in biomaterial design of bone implants is to induce in 

situ regeneration of bone tissue and thus improve integration of the implants and 

reduce their failure. Therefore, new bioactive compounds which can stimulate 

migration, differentiation of osteoblasts and the following bone formation need to 

be studied. This study examines a group of low molecular weight compounds (both 

derived from natural products as well as chemically synthesized) on their 

osteoinductive abilities in human mesenchymal stem cells. Possible candidates for 

future use in bone tissue engineering are evaluated by examination of early markers 

of differentiation (such as ALP activity and collagen type I expression) as well as 

late markers of osteoblast differentiation (bone nodule formation). As bone 
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remodeling and implant osteointegration depend not only on osteoblast response but 

also on interaction of the biomaterial with bone-resorbing osteoclasts, 

differentiation of osteoclasts in response to the bioactive compounds is also 

observed.  
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I. INTRODUCTION 

 

1. Bioactive compounds for bone regeneration  

One of the main reasons of bone implant failure is their inability to induce 

osteogenesis and/ or osteoconduction, the growth of bony tissue into the structure of 

an implant or graft. Therefore, a new approach in biomaterial design is to create 

materials that could induce in situ regeneration of bone. In order to stimulate the local 

bone tissue repair the new composites combining materials with growth factors have 

been recently widely studied
1
. 

Especially bone morphogenetic proteins (BMPs) which have been discovered 

thanks to their ability to induce ectopic bone formation have been considered as 

promising therapeutics for bone tissue engineering. However, recombinant proteins 

in general, were shown to be less active than natural forms and to require very high 

dosage. Other problems include their instability, short life time in body, as well as 

high cost of production and difficult handling
2,3

. This drives the attention to the 
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research of other bioactive agents, such as peptides or other osteoinductive low-

molecular weight compounds 
4-6

.  

Among the new possible candidates for such substances are also natural 

compounds which have been found to induce differentiation of mesenchymal stem 

cells to osteoblasts and enhance formation of bone nodules, such as antioxidants e.g 

epigallocatechin-3-gallate (EGCG), the major component of green tea, and other 

flavonoides such as resveratrol, quercentin etc
7-10

. Another group of promising 

molecules are histone deacetylase inhibitors (HDIs) such as valproic acid (VPA), 

trichostatin A or sodium butyrate, which alter transcription of genes related to 

osteogenic differentiation by modifying chromatin structure
11, 12

. This study was 

examined a group of bioactive compounds (both derived from natural resources and 

synthetically prepared) on their ability to induce osteogenic differentiation and bone 

formation and their possible use in biomaterials for bone tissue engineering.  

The bone regeneration process involves progenitor cells, which receive multiple 

signals especially from proteins in extracellular matrix (ECM) that initiate the 

cascade of chemotaxis to the site of injury, differentiation to mature osteoblasts, 

followed by secretion of ECM proteins and its mineralization
13

. Therefore, a 

successful candidate for a bioactive compound for use in bone tissue engineering 

should be able to stimulate and enhance the above mentioned processes and this 

study will address all of them.  
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2. Role of MSCs in bone tissue regeneration 

When bone integrity is damaged, under normal circumstances MSCs play an 

important role in its healing. MSCs are multipotent cells of mesodermal origin 

capable of differentiating into osteoblasts, chondrocytes, adipocytes, tenocytes and 

myoblasts
14-19

. These cells are identified as marrow stromal cells, because they are 

relatively abundant in the bone marrow which is their suitable source. Apart from 

bone marrow, they are found in the endosteum of the trabecular bone, and the 

periosteum
20

. A limited source of MSCs is the fat tissue, funicle blood, muscle and 

synovial membrane
21-22

. MSCs are found in small quantities in peripheral blood and 

other tissues
23

. They have been isolated e.g. from the liver, brain and pancreas
24

. 

 

3. Osteoblast  and  osteoclast role 

Bone remodeling is a balance between bone formation and bone resorption. Upon 

the implantation, the biomaterial interacts with both type of cells, osteoblasts and 

osteoclasts. Osteointegration and especially long term stability of the implant depend 

also on the bone resorbing action of osteoclasts
25

. Therefore, the effect of the 

bioactive compounds on osteoclast differentiation in vitro was also examined. 

Furthermore, osteoblasts can influence the osteoclast activity by secreting 

osteoprogeterin (OPG), a decoy receptor for RANKL, and thus block their 

differentiation. Expression of OPG by osteoblasts after the treatment with samples 

that was examined
26

.  
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4. Objectives of the study  

The purpose of this study are to evaluate the osteoinductive effect of new bioactive 

compounds on human mesenchymal stem cell and select promising candidates for future 

use in bone tissue engineering. Using the human mesenchymal stem cell, the ability of 

the bioactive compounds to induce osteogenic differentiation and bone formation was 

examined. That was determined by both early and late markers of differentiation, 

inducing matrix mineralization and bone nodule formation. 

 Also, osteoclast the effect of the bioactive compounds on osteoclast differentiation was 

evaluated.  And finally osteoinductive effect of new bioactive compounds  was evaluated 

in vivo. 

 

 

 

 

 

 

 

 

 



 19 

II. Materials and Methods  

 

1. Bio-active compounds 

Bio-active compounds (NP sample) from rubus coreanus fruit extract and their 

derivatives were kindly supplied by CellSafe(Table 1).  NP samples were dissolved in 

ethanol (Sigma, St. Louis, MO, USA) by filtering with syringe. 
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Table 1. Bioactive compounds type.  

Bio-active compounds (NP sample) from rubus coreanus fruit extract and their 

derivatives 
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2. Cell culture 

MC3T3-E1 mouse pre-osteoblast cells (Riken, Japan) were maintained in minimum 

essential medium α –modification without ascorbic acid supplemented with 10% fetal 

bovine serum and 1% antibiotic antimycotic solution (α-MEM, WelGENE).  

Primary culture of human mesenchymal stem cells ( hMSC, Lonza) was maintained in 

mesenchymal stem cell Basal Media (MSC Basal Media) supplemented with 

mesenchymal stem cell growth medium (MSCGM)  SingleQuots (Lonza, USA).  

L-929 mouse fibroblast cells (ATCC) were maintained in MEM with 2mM L-glutamine 

and Earle’s BSS adjusted to contain 1.5g/L sodium bicarbonate, 0.1mM non-essential 

amino acids, and 1.0mM sodium pyruvate, 90%:  fetal bovine serum, 10%.   

RAW264.7 mouse monocyte cells (ATCC) were cultured in DMEM (WelGENE) 

supplemented with 10% FBS and 1% antibiotic antimycotic solution. 

Primary cultures were used up to 10
th

 passage and MC3T3-E1 cells up to 15
th

 passage 

for all experiments. Cells were grown at 37°C in 5 % CO2 atmosphere incubator. 

Before cell seeding disks were sterilized by 30 min incubation in 70 % (v/v) ethanol and 

then washed two times with distilled water. 

 

3.  Cytotoxicity test - MTT assay  

Cytotoxicity test was determined at 1day after seeding according to the cell type using 

MTT assay. Briefly, L-929 cells were seeded at the initial density of 5.0 × 10
4 

cells/cm
2
 

and incubated for 1day in a CO2 atmosphere incubator. After 1day, cells are treated  NP 

samples. And then,  incubated for 1day in CO2 incubator. The cells were quantified using 

MTT assay which measures the mitochondrial dehydrogenase activity of living cells, 
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based on there induction of the yellow tetrazolium salt-3-(4,5-dimethylthiazol-2-yl)-

diphenyltetrazolium bromide (MTT, final concentration 0.5 mg/㎖, Amresco, USA) by 

metabolically active cells to form insoluble purple formazancrystals. After cell culture for 

1day, 50µm of MTT reagent was added to the samples. After  2hrs of incubation at 37℃ 

in humidified atmospheres of 5% CO2, the produced formazancrystals were dissolved in 

200µl of dimethylsulfoxide (DMSO) and the solution was transfered to a 96well plate 

(Falcon, NJ, USA). The absorbance of the resulting solution was measured using an 

ELISA reader (Spectra MAX3340, Molecular Devices Corp, Sunnyvale CA, USA) at 

wavelength of 570nm. The absorbance is directly proportional to the mitochondrial 

activity which is related to the number of living cells present in the culture wells.  

 

4. Osteoblastic differentiation  

Osteoblastic differentiation was induced by supplementing the cell culture media with 

sodium ascorbate (50 µg/ml), a source of inorganic phosphate, β-glycerol phosphate 

(10 mM) one day after the seeding. 

A. ALP assay  

To determine alkaline phosphatase activity, the MC3T3-E1 and human mesenchymal 

stem cells were seeded at the initial density 7.0 × 10
3
 cells/cm

2
. Osteogenic media was 

supplemented 24 hr after seeding and exchanged every 3 days. At given times of culture 

(5-12 days after seeding) the cells were rinsed with PBS and lysed with 1%Triton X-100 

in Tris/NaHCO3 buffer (12.5 mmol/l each, pH 6.8). ALP activity in the cell lysate was 

determined by a colorimetric assay using phosphatase substrate (pNPP, Sigma, St. Louis, 

MO, USA) which is converted to yellow, soluble end product. Cell lysates were mixed 
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with 10 mM pNPP solution in glycine buffer (0.1 M glycine with 1 mM MgCl2 and 1 

mM ZnCl2, pH 10.4) and incubated at 37°C for 30 min. Absorbance was read 

spectrophotometrically at 405 nm. At the same time protein concentration in the cell 

lysates was determined by bicinchoninic acid assay (BCA, Pierce) according to the 

protocol for 96-well plate as provided by the manufacturer.  

 

B. Collagen assay 

Collagen is specifically bound by Sirius Red stain, which can be used for evaluation 

of collagen deposits as described previously
27

. Collagen deposited in the extracellular 

matrix, in 2 and 3 weeks culture after the treatment can be visualized with 0.1% 

Sirius Red stain (Sircol, Biocolor). The cells fixed with 3% paraformaldehyde are 

stained with Sirius Red solution. For quantification, the collagen bound stain is eluted 

by washing with 0.1M NaOH and its absorbance is read at 540 nm by a 

spectrophotometer.  

 

C. Mineralization test 

Mineralization of collagenous matrix was observed by Alizarin Red staining (ARS) of 

calcium deposits.  Cells were seeded at disks of diameter 10 mm in 24-well plate at initial 

density 3 × 10
4 

/cm
2
. Osteogenic media was supplemented 24 hr after seeding and 

exchanged every 3 days. Mineralization was detected after 4 or 5 weeks of culture. Cell 

monolayers were rinsed with PBS, fixed in 70% ethanol (-20°C, 15 min), washed twice 

with distilled water and stained with 40 mM solution of ARS (pH = 4.2) for 30 min. After 

washing three times with distilled water the samples were photographed. For 
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quantification, the staining was extracted by incubation in 1 ml of 10% (w/v) 

cethylpyridinium chloride (CPC, Sigma) for 30 min with shaking. Optical density of the 

extracted stain was read at 570 nm. 

 

5. Cell proliferation assay 

For proliferation assay the cells were plated at an initial density of 5.0 × 10
3 

cells/cm
2
 

and incubated for 1, 3, or 5 days in a CO2 incubator. The proliferated cells were 

quantified using MTT assay which measures the mitochondrial dehydrogenase activity of 

living cells, based on these induction of the yellow tetrazolium salt-3-(4,5-

dimethylthiazol-2-yl)-diphenyltetrazolium bromide (MTT, final concentration 0.5 mg/㎖, 

Amresco, USA) by metabolically active cells to form insoluble purple formazancrystals. 

After cell culture for 1day, 50µm of MTT reagent was added to the samples. After 2 hr of 

incubation at 37℃ in humidified atmospheres of 5% CO2, the produced formazancrystals 

were dissolved in 200µl of dimethyl sulfoxide (DMSO) and the solution was transfeered 

to a 96well plate (Falcon, NJ, USA). The absorbance of the resulting solution was 

measured using an ELISA reader (Spectra MAX3340, Molecular Devices Corp, 

Sunnyvale CA, USA) at wavelength of 570nm. The absorbance is directly proportional to 

the mitochondrial activity which is related to the number of living cells present in the 

culture wells.  
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6. Osteoclastic differentiation  

RAW264.7 is a murine monocyte cell line that can be induced to differentiate into 

osteoclast-like cells by treatment with RANKL
28

. RAW264.7 are seeded at low density 

and treated with 50ng/ml RANKL
29  

for 6days to obtain osteoclasts. Inhibition of this 

differentiation is examined by co-treatment with the tested compounds. Mature 

osteoclasts can be visualized by staining of TRAP (tartare resistant alkaline phosphatase) 

using a chromogenic substrate (Sigma, St. Louis, MO, USA) according to the kit protocol.  

Multinucleated, TRAP-positive cells are then counted under light microscope
30

. 

Multinucleated cells containing three or more nuclei were scored as osteoclast.  Results 

are plotted as the mean number of osteoclasts ±SD of three wells or controls and for each 

concentration of strontium ranelate and are representative of three independent 

experiments. 

For measuring TRAP activity, multinucleated osteoclasts were fixed with 10% formalin 

for 10min and 95% ethanol for 1min, and then 100µl of citrate buffer (50mM, pH4.6) 

containing 10mM sodium tartrate and 5mM ρ-nitrophenylphosphate (Sigma, St. Louis, 

MO, USA) was added to the dried cells. After incubation for 1hr, the enzyme reaction 

mixtures in the wells were transferred into new plates containing an equal volume of 

0.1N NaOH. Absorbance was measured at 410 nm, and TRAP activity was presented 

as % of control. The experiment was performed in triplicate and differences were  

considered  significant when P<0.05
31

. 
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7. Animal study 

A. Osteogenic differentiation assay of Human mesenchymal stem cells using 

a subcutaneous injection method on nude mouse 

For the in vivo experiments, samples were incubated in the presence of the alginate gel 

for the implantation. The alginate solution (Sigma, St. Louis, MO, USA) was prepared 

at 4% wt/wt, CaCl2 solution was prepared at 0.05M. hMSCs were mixed with alginate 

solutions, yielding a final cell concentration of 2X10
6 

cells/200µl. Cell suspension was 

mixed with NP samples (10µg/200µl). Cell-alginate and alginate-alone solutions were 

mixed with CaCl2 solution at a ratio 1:1. Two hundred microliters of each of the 

experimental groups were injected through a 23-gauge needle subcutaneously into the 

backs of six-week-old NOD mice. The animals were then sequentially sacrificed at the 

specific time periods of  5weeks after the injection
32-34

. 
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B. Histology 

The injection site was completely excised and processed for classical histology. hMSCs 

seeded in the alginate bead were fixed in neutral buffered formaldehyde solution. 

Specimens were cut into 4µm-thick sections at -20℃, after which the nucleus and 

cytoplasm were stained with hematoxylin and eosin (H&E), respectively. In addition, 

paraffin block  were stained with  alizarin-Red and von Kossa for histological evaluation. 

 

8. Statistical analysis 

All results are expressed as mean ± standard error of mean (SEM) and analyzed by 

Student t-test. Statistical significance was considered at p<0.05. 
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III. RESULTS 

 

1. Cytotoxicity test 

Before apply to L-929 cells, cellular toxicity was investigated. There was no toxicity 

under concentration 100 ug/ml. According to NP sample type, toxicity showed different. 

Cytotoxicity of NP31 sample showed toxicity more than concentration 50 ug/ml(Figure 

1). 
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Figure 1.  Effect of NP samples on cell cytotoxicity.  Cytotoxiciity in L-929 was 

evaluated by MTT assay. Cell number on a given day is expressed as % of control (non-

treatment, day 1). The results are shown as mean ± SEM (n=3, * p<0.05 in comparison 

with non-treatment by Student t-test). 
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2. Osteoblastic differentiation  

 

A. ALP activity 

Alkaline phosphatase activity was measured over 20 days of culture as an early marker 

of osteoblast differentiation in MC3T3-E1 and hMSC stimulated by osteogenic media 

(Figure 2). In MC3T3-E1 treated NP samples (31,33) the activity continued to rise 

steadily up to day 20 when it reached its peak. The ALP activity of cells in control (cells 

in osteogenic media) and on treated NP samples continued to increase even after day 10 

and did not reach their peak before the end of this assay (day 20).  

Also, in hMSC treated NP samples (35) the activity continued to rise steadily up to day 

10 when it reached its peak. The ALP activity of cells on non-treated NP samples 

continued to increase even after day 7 and did not reach their peak before the end of this 

assay (day10). 

In comparison of non-treated NP sample, ALP activity of treated NP sample continued 

to rise steadily up.  
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A) 

 

B) 

 

 

Figure 2. Alkaline phosphatase activity in MC3T3-E1/hMSC cells with NP samples. ALP 

activity in (A),(B) MC3T3-E1 was evaluated. NP sample concentration is (A),(B) 5ug/ml. 

The data are shown as mean ± standard error of mean (n=3).  
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C) 

 

D) 

 

Figure 2. Alkaline phosphatase activity in MC3T3-E1/hMSC cells with NP samples. ALP 

activity in (C) MC3T3-E1, (D) hMSC was evaluated. NP sample concentration is  (C) 

10ug/ml, (D) 5ug/ml. The data are shown as mean ± standard error of mean (n=3).  

 

 

 

 



 33 

B. Collagen assay 

Collagen assay was measured over 14 days of culture as an middle marker of osteoblast 

differentiation in  hMSC stimulated by osteogenic media (Figure 3). In hMSC treated NP 

samples the activity continued to rise steadily up to day 14 when it reached its peak.  

Since type I collagen is the major matrix component in bone and plays a critical role in 

mineralization, we measured the quantity of collagen deposited by the NP samples and 

compared to that of MSC cells. As shown in Figure 3,  the quantity of collagen deposited 

in the extracellular matrix was significantly increased in NP 33 group at 14days. 
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A) 

 

B) 

 

Figure 3. Collagen deposition quantification. Total collagen deposition determined by 

Sirius red stain-based colorimetry. Data are shown as the mean + SD (n = 3). hMSC 

passage  number was 8
th

.  
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C. Mineralization test 

 hMSC cultured in osteogenic  medium  with  NP sample (31, 33, 35) during the 4, 5, 

6weeks was examined. The treatment of NP33 resulted in a significant increase in 

osteogenic differentiation at 6th weeks (Figure 4). In comparison of EtOH, NP sample 

treatment group was confirmed mineralization similarly. 

In order to determine whether the NP samples affected osteogenic differentiation, the 

hMSC were treated with various sample type of 31, 33 and 35 during the initial phase of 

osteogenic differentiation  (the first 7 days). The treatment of osteogenic medium during 

the first 7 days of differentiation resulted in a non-significant increase in osteogenic 

differentiation in hMSC (Figure 5). We then attempted to determine whether pretreatment 

with osteogenic medium (with sodium ascorbate (50 µg/ml), a source of inorganic 

phosphate, β-glycerol phosphate (10mM)) would be sufficient for the enhancement of 

osteogenic differentiation. hMSC pretreated with osteogenic medium showed similarly 

increased calcification of extracellular matrix compared with control cells. 
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A) 

 

B) 

 

Figure 4. Effects of NP sample on osteogenic differentiation of  hMSC. The treatment 

of NP sample during the 4, 5, 6weeks of differentiation resulted in a significant 

increase in osteogenic differentiation in hMSC. (A) Osteogenic differentiation was 

determined by alizarin red S staining of calcification deposits within the cell 

monolayer. (B) The quantitation of osteogenic differentiation was performed by 

determination of optical density of the extracted stain was read at 570nm. Data were 

presented as a percentage of control (mean S.E.M., n = 3).*P < 0.05 compared with 

EtOH . 
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A) 

 

B) 

 

Figure 5. Effects of NP sample on osteogenic differentiation of hMSC. The pretreatment 

of osteogenic medium during the 7days of differentiation resulted in a similarly increase 

in osteogenic differentiation in hMSC. (A) Osteogenic differentiation was determined by 

alizarin red S staining of calcification deposits within the cell monolayer. (B) The 

quantitation of osteogenic differentiation was performed by determination of optical 

density of the extracted stain was read at 570nm. Data were presented as a percentage of 

control (mean S.E.M., n = 3).*P < 0.05 compared with EtOH . 
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C) 

 

Figure 5. Effects of NP sample on osteogenic differentiation of hMSC. The pretreatment 

of osteogenic medium during the 7days of differentiation resulted in a similarly increase 

in osteogenic differentiation in hMSC. (C) von Kossa staining of hMSC cells cultured 

with NP samples.  
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3. Cell proliferation assay 

Cell proliferation with NP samples was observed up to day 5 after seeding, when the 

cells reached confluency. NP sample treatment group not stimulated their growth rates 

(Figure 6). Cell density as determined by MTT assay was higher already 24 hrs after 

seeding. Because NP31 sample had cytotoxicity effect, NP31 treatment group decresed 

hMSC proliferation.  
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A) 

 

B) 

 

Figure 6.  Effect of NP samples treatment on cell proliferation.  Proliferation in (A) NP31 

(B) NP33 was evaluated by MTT assay. Cell number on a given day is expressed as % of 

control (non-treatment, day 1). The results are shown as mean ± SEM (n=3, * p<0.05 in 

comparison with non-treatment by Student t-test). 
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C) 

 

Figure 6.  Effect of NP samples treatment on cell proliferation.  Proliferation in (C) NP35 

was evaluated by MTT assay. Cell number on a given day is expressed as % of control 

(non-treatment, day 1). The results are shown as mean ± SEM (n=3, * p<0.05 in 

comparison with non-treatment by Student t-test). 
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4. Osteoclastic  differentiation 

A. TRAP activity assay 

In order to evaluate the influence of NP samples on osteoclast differentiation, 

RAW264.7 were cultured in the presence of RANKL. After 6days of treatment, 

osteoclast differentiation was determined by the quantification of TRAP activity(Figure 

7). NP35 induced a significant dose-dependent decrease in osteoclast differentiation, 

starting at 5μg/ml. NP35 at concentration of 5, 10, 20 μg/ml gradually reduced the 

RANKL-induced number multinucleated osteoclasts formed. NP31 and NP33 samples 

are decresed  in osteoclast differentiation at 4 μg/ml, 20 μg/ml 
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Figure 7.  NP samples decreased osteoclast formation.  NP sample treatment induced a 

decrease in TRAP activity. Cell number on a given day is expressed as % of control 

(ethanol treatment). The results are shown as mean ± SEM (n=4, * p<0.05 in comparison 

with ethanol treatment by Student t-test). NP31 group was treated 1, 2, 4 μg/ml. 
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B. TRAP staining 

This effect was further confirmed by counting large multinucleated osteoclasts after 

6days in culture in the presence or absence of NP samples(Figure 8). NP35 treatment 

group decreased the number of osteoclasts. Osteoclast formation correlated significantly 

with the amount of NP35 released into the culture medium. 
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A) 

 

 
 

Figure 8. NP samples decreased osteoclast formation. (A) Mature multinucleated 

osteoclasts were numbered after being fixed and stained for TRAP activity.  
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B) 

 

 

Figure 8.  NP samples decreased osteoclast formation. (B) NP sample treatment induced 

a decrease in osteoclast number . Cell number on a given day is expressed as % of control 

(ethanol treatment). The results are shown as mean ± SEM (n=4, * p<0.05 in comparison 

with ethanol treatment by Student t-test). 
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5. Animal study 

For a clearer examination of osteogenic differentiation, hMSCs embedded onto alginate 

bead containing dexamethasone or NP samples were transplanted into nude mice for 5 

weeks. First of all, hematoxylin and eosin (H&E) staining were used for the 

determination of cell distribution and cell density(Figure 9). After 5 weeks of 

transplantation of hMSCs into nude mice, alginate bead containing dexamethasone or NP 

samples showed highly distributed in the whole constructs fulled with cells, whereas 

small amounts of cells were found in the only alginate without dexamethasone or NP 

sample (Figure  9). 

Alizarin red S and von Kossa staining of hMSCs embedded onto alginate bead 

containing dexamethasone or NP samples were analyzed to evaluate the ECM produced 

during in vivo testing. Osteoblast cells converted from hMSCs embedded onto alginate 

bead containing dexamethasone or NP samples had increased as determined by detection 

of a high amount of ECMs that were secreted and accumulated by hMSCs.  In contrast to 

only alginate bead group did not affect calcium accumulation. Although calcium 

accumulation from the hMSCs showed that NP sample and dexamethasone would help 

increase ECM production by the differentiation of hMSCs into bone cells, increased 

production and cell population was found throughout the alginate bead containing 

dexamethasone or NP samples. 
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A) 

 

 

Figure 9.  In vivo SCID mouse model for bone tissue engineering. Histological images of 

hMSCs embedded in alginate bead with different type of constructs of calcium deposition. 

H&E staining, von Kossa staining and alizarin red staining. (A) x40  
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B) 

 

 

Figure 9.  In vivo SCID mouse model for bone tissue engineering. Histological images of 

hMSCs embedded in alginate bead with different type of constructs of calcium deposition. 

H&E staining, von Kossa staining and alizarin red staining. (B) x100  
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IV. DISCUSSION  

 

In this study, we confirmed the possibility to observe osteoinductive effect using 

bioactive compounds  and to analyze the cell response.   

We demonstrated that the NP samples effected an increase in the calcification of the 

extracellular matrix in hMSC, without any significant cytotoxic effect on the cells, and 

that stimulatory effect among the agents to be examined can be observed with osteogenic 

medium. The addition of reagents for modulation of stem cell functions can raise safety 

inssues in clinical trials of hMSC transplantation.  Increased osteogenic differentiation 

potential of NP sample treated cells was confirmed by increased expression of alkaline 

phosphatase,  and by better bone regenerating  ability in the SCID mouse model than 

control cells. 

Bone is continuously destroyed and reformed in vertebrates in order to maintain bone 

volume and calcium homeostasis throughout their lives. Osteoblasts and osteoclasts are 

specialized cells responsible for bone formation and resorption, respectively. Osteoblasts 

produce bone matrix proteins including type I collagen, the most abundant extracellular 

protein of bone, and also take charge of mineralization of the tissue
35

. Osteoblasts, 

chondrocytes, myocytes and adipocytes are all derived from a common progenitor called 

undifferentiated mesenchymal cells. During the process of their differentiation, 

progenitor cells acquire specific phenotypes under the control of respective regulatory 

factors
36

. 

In our in vitro study using RAW264.7 cells, we found that NP35 dose-dependently 

inhibited RANKL-induced osteoclast differentiation. Although the inhibition of TRAP 

positive multinucleated cell formation was most dramatic with NP35 treatment, the 
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reduction of total TRAP activity was not as dramatic but remained significant. This might 

be attributable to the presence of a number of TRAP-positive mononuclear cells in NP35-

treated cultures.
37

.  Therefore, this in vitro study found that NP 35 sample dose-

dependently suppressed the osteoclast differentiation and bone resorption activity at the 

early stage of osteoclastogenesis in cultured  RAW 264.7 cells
38

. 

Tissue engineering for bone repair has received considerable attention in reconstructive 

surgery during the past decade. The most common strategy to engineer bone is by using 

three components: a scaffold, growth factors, and mesenchymal stem cells. There have 

been a number of reports of successful bone formation achieved with a combination of 

these three elements in animal experiments 
39

. There are only a few reports of successful 

bone formation using an injectable gel as a scaffold for the cells
40

. 

In this study, the gel was completely resorbed without forming new bone, when the 

alginate gel contained only MSCs, or NP samples. It was assumed from this result that 

the most effective bone formation within the gel was achieved with the combination of 

MSCs and NP samples.  

We used calcium alginate as carrier material for several reasons. First, alginate is a 

biocompatible polysaccharide that is structurally similar to glycosaminoglycans present 

in cartilage
41-43

. Also, alginate gelation properties allow direct gel formation into the 

cartilaginous defects by simple addition of a calcium chloride solution. Thus, it is a fluid 

material that can fill any shape of defect and can incorporate various bioactive agents 

(e.g., Proteins and growth factors)
44-47

 . Alginate has been extensively reported for 

cartilage tissue regeneration purposes. However, Wang et al
48

. reported that in vitro raw 
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alginate properties have influence in material properties and in the encapsulated cell 

proliferation and differentiation processes.  
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V. CONCLUSION 

In conclusion, this study examined the possibility of using a novel kind of NP sample 

treatment to increase its bioactivity and thus improve the osteoinductive activity. 

It was demonstrated that NP35 can be used for effective material of bioactive compounds. 

We confirmed that one material of bioactive compounds play a role as osteoinductive 

activity and osteoclastic  differentiation  inhibition activity. The effect of this material is 

verified through the animal testing. 

 Therefore, NP samples are a strong candidate for an osteogenic compound for use in 

bone tissue engineering. 
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ABSTRACT(IN KOREAN) 

  

Mesenchymal stem cell 에 대한 골형성을 유도하는 생리활성 물질의 탐색 

 

<지도교수 박종철> 

 

연세대학교 대학원 의과학과 

 

권병주 

골이식의 생체재료로서의 최근 디자인은 골조직의 재생을 유발하고, 

더불어 이식의 완전함과 이식의 실패율을 줄이는 것이다. 그리하여 , 뼈 

세포의 이동이나 증식, 분화를 증진시키기 위해 합성 또는 천연 

생체적합물질의 구조체를 이용하여 극복하려 한다.  

본 연구는 천연유래 저분자 물질의 유도체들을 시험하고,  human 

mesenchymal stem cell 을 이용하여 그들의 골형성 유도능을 시험한다. 

미래에 골조직공학에 사용 되어질 가능한 후보물질은 

초기분화표지인 ALP activity 와 콜라겐 발현으로 평가되고, 

후기분화표지인 bone nodule 형성으로 시험된다.  

골의 재건과 골조직으로의 완전한 이식은 골아세포의 반응 뿐만 

아니라 파골세포의 골 흡수가 일어나는 생체재료의 상호작용도 포함이 

된다. 또한, 파골세포로의 분화에 대한 생리활성물질의 반응도 시험된다. 
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