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Abstract--For treatments of connective tissue disorders in both 

human and veterinary medicine, culturing of adult stem cell in 

combination with biomaterials such as natural biopolymers holds 

great promise. However, the safety and performance of such 

therapies relies on the systematic in vitro evaluation of stem cell-

biomaterial constructs prior to in vivo implantation. This study 

evaluated B30 (70% silica+ 30% collagen) and B30Sr20 (50% silica+ 

30% collagen, 20% strontium) composite polymer as biomaterials 

for their application in bone tissue engineering in veterinary 

medicine under pellet and shear stress culture conditions. The 

qualities of biomaterials were measured by analyzing cell adhesion 

using DAPI staining and cell proliferation by MTT assay. Live cell 

imaging for cell viability (cell migration) after plating of the 

materials with cells in culture dishes were done using florescence 

microscopy. Cell morphology on the biomaterials was investigated 

using scanning electron microscopy (SEM). Furthermore, osteogenic 

differentiations were tested by driving the cells into the osteogenic 

lineage using specific growth and differentiation factors. Osteogenic 

differentiation were analysed by detecting typical morphological 

changes, by specific staining procedures called Alizarin red method 

as well as using qualitative PCR. The biomaterials characterized 

using SEM demonstrated that only B30 induced fiber bundling of 

cells thus B30 were shown to be cytocompatible, supporting cellular 

adhesion, and allowed for osteogenic differentiation of the cells 

under pellet culture condition than fluid shear stress culture. No 

significant differences were observed in proliferation potential for 

cells seeded either with B30 or B30Sr20 in both culture conditions. 

Generally, it could be concluded that cells on the B30 scaffold were 

viable and metabolically more active than B30Sr20 and culturing the 

MSCs with B30 under pellet culture condition has shown more 

promising results than in fluid shear stress. These findings 

demonstrate that the combination of a B30 (silica-collagen-xerogels) 

and MSCs are promising constructs for bone tissue engineering 

applications 

Key words: Cell adhesion, composite, Equine Mesenchymal Stem cells 

(EqMSCs), tissue engineering, Bone. 

 

 

1. INTRODUCTION 

 

Transplantation of autologous bone grafts is considered as the gold 

standard for the treatment of large bone defects but the bone volume at 

the donor site is limited and the surgical procedure for bone extraction is 

often accompanied by donor site morbidities such as long-lasting pain 

[1-3]. Alternatives, such as autologous grafts are often unavailable and 

allogeneic tissues may be diseased and lack histocompatibility. 

Restoration of bone structure through autografts and bone harvesting 

results numerous complication [4, 5]. Therefore, an interdisciplinary 

community of engineers and physicians are endeavouring to develop 

novel synthetic biomaterials which are suitable for the restoration of the 

biochemical functions and mechanical properties of the original human 

hard tissue. 

Recently composites of silica and fibrillar bovine collagen have been 

used for tissue engineering studies as scaffold. In vivo testing of these 

composite biomaterials revealed a statistically significant increase at the 

biomaterial-bone interface which demonstrated enhanced new bone 

formation. For example, the porous scaffold silica/collagen xerogel (Sc-

B30), showed a significant increase based on wilcoxon rank-sum test 

(p<0.05) as compared with monolithic silica/collagen xerogel (B30) in 

the defect region [6]. In another in vivo studies on osteoporotic rat model 

revealed a statistically significant increase in the bone formation in the 

entire defect region when incubated with ScB30Sr20 as compared to B30 

(p=0.0001) and ScB30 (p<0.05), respectively [7]. Such kinds of in vivo 

study demonstrates the beneficial effects of strontium (Sr) enriched silica 

collagen scaffold to improve new bone formation in a metaphyseal 

osteoporotic fracture defects in osteoporotic rats. 

Further evaluation of plain and strontium (Sr) enriched silica collagen 

scaffold has to be done on cells from another species in vitro. In this 

research work, we evaluated and compared in vitro adult stem cell 

compatibility with two different bio materials (i.e. composite of 

silica/collagen xerogel, B30-granules and strontium enriched B30, 

B30Sr20 ) as possible cell carriers under pellet and fluid sheared stress 

culture conditions. We assessed the viability, migration, adhesion, and 

osteogenic potential of equine derived adipose MSCs on these two kinds 

of biomaterials. The biological properties of scaffolds were evaluated by 

seeding with osteoblast cells. The morphology and viability of the cells 

on biomaterial were examined with SEM and MTT assay, respectively. 

Cell adhesion and migration properties on the biomaterial were examined 

by DAPI staining and live cell imaging using zeiss fluorescence 

microscopy. Osteogenic differentiation potential of the composite 

biomaterials was tested by alizarin red staining and qualitative-PCR. The 

overall aim of this work is to investigate the use of biodegradable 

composite scaffold materials in bone tissue engineering applications with 

focus on in vitro formation of bone. 

 

2. MATERIALS AND METHODS 

2.1. Source and Culture of Cells 

The mesenchymal stem cells were isolated from adipose tissues of horses 

at horse clinics. Briefly, the tissue was rinsed with PBS and minced. 

Minced tissue was placed in centrifuge tubes containing 10mL of type I 

collagenase (type CLS, BioChrom, Berlin, Germany), vortexed and 

placed in a 37 oC incubator. The tubes were vortexed every 20 min for 

60 min. Once the tissue was digested, 10mL of standard medium (SM) 

was added to the mixture to inhibit further enzyme digestion. The cell 

suspension was filtered and centrifuged. The supernatant was removed 
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and the cell pellet was resuspended in standard medium (SM). Cells were 

then counted with a hemocytometer, labeled and cryopreserved. Cells 

were then passaged to stage four so as to get the desired number of cells 

required for the experiments. Thus, cryopreserved cells at passage three 

(P3) were revitalized and expanded to P4 in T75 flasks with a seeding 

density of 5×105 cells/cm2 and passaged at 80 % confluence. 

Two composite biomaterials were selected as scaffolds for testing the 

cultivation of adipose derived equine MSCs under pellet and fluid-shear 

stress culture conditions. These were a biodegradable B30 composite 

xerogel composed of 70 wt.% sol–gel silica and 30 wt.% collagen and 

strontium enriched B30 ( B30Sr20) obtained from the Max-Bergmann-

Center of Biomaterials, Institute of Materials Science, Technische 

Universität Dresden, Dresden, Germany.  

2.2. MTT-Assay for Cell Viability 

After 2 million cells were seeded with 10 mg of B30 and B30Sr20 

biomaterial having standard medium (SM) for 5-7 days (media change 

was made twice a week) under pellet (using 15 ml falcon) and shaker 

culturing (using 6 well suspension plate on IKA rocker 2D digital at 30 

rpm with constant mixing at smooth angle,15o), final and old standard 

medium (L-glucose DMEM, 10% FBS and 1% 

penicillin/steroptomicine) was removed and a 50 μl solution of MTT 

(Sigma Aldrich, St. Louis, MO, USA) in PBS was added to the plate and 

incubated at 37ºC in a humidified 5% CO2 air atmosphere overnight. 

Afterwards, MTT solution was removed; the wells were washed three 

times with PBS and 1000 μl DMSO (ROTH, Germany) was added. Cell 

scaffold mixture was then lysed inside the LT tissue Lyser for 5 minutes 

of 50 oscillation and intensity (optical density) was measured using 

absorbance reader (Sunrise, Tecan, Germany) fitted with magellan V6.6 

(Tecan software) at a wavelength of 570nm with a reference wavelength 

of 630 nm. All experiments were performed in duplicate, and the relative 

cell viability (%) was expressed as a percentage relative to the untreated 

control cells. 

2.3. Cell Adherence Test (DAPI staining) 

Cells were cultured in a humidified 5% CO2 atmosphere at 37°C in 

dulbecco’s modified eagle’s medium supplemented with 10% heat-

inactivated fetal bovine serum (FBS), 1% penicillin/ streptomycin. 

Before confluence, cells were removed from culture flasks by treatment 

with 0.1% trypsin in 0.02% EDTA and counted. 

To test cell adhesion on B30 and B30Sr20 biomaterials and for 

fluorescence microscopy, cells cultured on different biomaterial for 7 

days were washed with PBS and fixed with 4% paraformaldehyde (4% 

PFA in PBS) for 1 h. Samples were again washed three times with PBS. 

Cells were permeabilized by Triton X-100 (0.05% in PBS-1% bovine 

serum albumin) for 10 min and the nuclei were stained with 4,6-

diamidino-2-phenylindole (DAPI) (5 μg mL-1 in PBS) for 2 min in the 

dark (aluminum foil used). Samples were washed in PBS again and 

imaged using an AXIO observer, Z1 microscope, Carl Zeiss (Gottingen, 

Germany). 

2.4. Osteogenic Differentiation 

After testing the viability of the cells with B30 and B30Sr20, the next 

experiments were designed to evaluate the osteogenic differentiation 

potential with the same combinations of cells and scaffolds. Briefly, two 

million EqMSCs were mixed with 10mg of each type of scaffold (B30-

granules, B30 strontium) and incubated in a humidified 5% CO2 

atmosphere at 37°C in dulbecco’s modified eagle’s medium 

supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1% 

penicillin/ streptomycin for 5 days and then incubated for additional 7,14 

and 19 days in osteogenic medium (OM) consisting of culture medium 

supplemented with 100 nM dexamethasone, 10 mM β-glycerophosphate 

and 0.05 mM ascorbic-2-phosphate acid under pellet (using 15 ml falcon) 

and shaker culturing (using 6 well suspension plate on IKA rocker 2D 

digital at 30 rpm with constant mixing at 15o angle). Control cells with 

biomaterials were incubated for the same period of time but with 

standard medium (SM). Both osteogenic medium (OM) and standard 

medium (SM) were changed twice per week. 

After incubation for 7, 14 and 19 days, cell-biomaterial mixtures were 

washed with PBS and fixed in 4% PFA in PBS for 30 minutes, serial 

washing with increasing level of ethanol (70%- 100%), and xylol 

performed for 30 minutes each. The cell-biomaterial mixture were 

paraffin embedded, cut using rotary microtome leica RM2255. Five μm 

sections were stained with alizarin red (for detecting Ca2+ ion 

deposition). Furthermore, molecular biological analysis of osteogenic 

differentiation using qualitative RT-PCR of osteogenic differentiated 

cells on scaffold materials was used. 

2.5. Alizarin Red Staining 

Two million cells at passage 4 were plated in 6-well plate (for fluid shear 

stress culture) and 15ml falcon tube (for pellet culture) and  cultured  

under osteogenic condition for 3,14 and 19 days. The osteogenic and 

standard (for control groups) was changed every 3 days. After paraffin 

embedding of mixtures, 5μm cut using microtome and slides with cell-

biomaterial mixture in paraffin were deparafinized in xylol two times for 

5 minutes and then serial washing was performed with different 

concentration of alcohols alizarin red (Gibco, Grand Island, NY, USA) , 

covered with cover slide and photograph were taken using an axiophot, 

zeiss microscope Oberkochen, Germany. 

2.6. Qualitative RT-PCR 

Specific MSC-markers were investigated using reverse transcription 

(RT) followed by qualitative polymerase chain reaction (PCR) analysis 

of cells obtained from P4. Total RNA was isolated using lysis buffer 

Reagent (Invitrogen) and after the reaction cells were treated with DNase 

(Sigma). Both steps were performed according to the manufacturer’s 

specifications. RNA concentration and purity were measured using 

8.5mm Eppendorf Biophotometer (Hamburg, Germany). cDNA was 

synthesized from 810 ng of total RNA using a LifeEco Bioer, thermal 

cycler (China) . Conditions used were 25°C for 5 min, 42°C for 20 min 

and 85°C for 5 min. 

Qualitative PCR was performed using 2.5 μl of the obtained cDNA in 

12.5 μl final volume with DreamTaq DNA Polymerase (Fermentas 

GmbH, St. Leon Rot, Germany, http://www.fermentas.com) under the 

following conditions: initial denaturation at 95°C for 2min, 32 cycles at 

95°C for 30 sec (denaturation), 55-63°C for 30 sec (annealing), 72°C for 

30 sec (elongation) and final elongation at 72°C for 10 min. Equine 

specific primers were used at a final concentration of 200 nM. GAPDH 

was employed as the reference gene. For differentiation experiments, 

total RNA was extracted from undifferentiated (control cells), and RT-

PCR analysis was performed as described above for assessing the 

expression of osteopontin (OPN) and osteocalcin (bone gamma 
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carboxyglutamate protein; BGLAP) for osteogenenesis and photograph 

was taken after running gelelectrophorosis. 

2.7. Morphology of Cells and Biomaterials (SEM) 

Two millions of cells were seeded on 6-well plate with B30 and B30Sr20 

biomaterial having standard medium for 12 days (wells having cells with 

B30 and B30Sr20) and control wells (having only standard medium with 

B30 and B30Sr20) under pellet culture at 37 °C/5% CO2 with media 

changes every 2–3 days. The samples were washed twice with PBS for 

5 minutes each and fixed in 2 % v/v glutaraldehyde (Merck, Darmstadt, 

Germany) in 0.14 M sodium cacodylate buffer (pH 7.4) for 30 minutes 

at room temperature. Dehydration was performed by sequential 

immersion in serial diluted ethanol solutions (25, 50, 70, 80, 90, and 99 

% v/v). Then, the scaffolds were coated with gold using a sputter coater 

(BALZERS UNION, Balzers, Liechtenstein) and cell adhesion and 

morphology were examined by SEM. More specifically, microstructure 

of the scaffolds was studied by scanning electron microscopy (SEM) 

(DSM 940, Zeiss digital scanning microscope, West Germany) at an 

accelerating voltage of 15kV. 

2.8. Cell Migration/Motility Studies 

Approximately two million equine derived adipose tissue mesenchymal 

stem cells at passage 4 were cultured with B30 and B30Sr20 at 37°C, 5% 

CO2 in growth medium containing low-glucose dulbecco's modified 

eagle medium, 10% fetal bovine serum (FBS), 1% penicillin-

streptomycin under pellet culture condition. After 5 days of incubation, 

cell-biomaterial mixture were transferred in to a 6-well plate and 

incubated at 37°C and 5% CO2. The culture media in all the wells were 

replaced every 2–3 days to maintain the concentration gradient. samples 

were transferred in to 33mm plate and live cell imagining photo were 

taken for 72 hours in the interval of 15 minutes using axio observer Z1 

microscope from zeiss in CO2 module S, temp module S (Carl Zeiss, 

Gottingen, Germany) while incubating the sample with 37oC and 5% 

CO2. Picture analysis was done with axio vision imagining software. 

2.9. Statistical Analysis 

Measures for each sample were performed in duplicate and repeated 

three times to confirm consistence of the results of cells obtained from 

three different horses and the results were expressed as mean. Paired 

two-sample t-test statistics were employed and significance level is 

tested at p<0.05 to express if there is difference between pellet culturing 

and culturing cells with scaffolds under fluid shear stress in terms of cell 

viability (i.e MTT experiment) for B30 and B30Sr20 separately. 

Furthermore, same statistical test is employed to test if there is 

significance difference between the two biomaterials (B30 and B30Sr20) 

in terms of their suitability for cell proliferation. For the rest of 

parameters (i.e. results from DAPI, SEM, live cell migration, alizarin red 

and qualitative PCR) qualitative judgment were employed to express the 

quality of biomaterials in comparison. 

3. RESULTS 

3.1. Cell Viability and Proliferation 

MTT test was employed to confirm whether adipose derived 

mesenchymal stem cells could be viable and proliferate on biomaterial 

B30 and B30Sr20. MTT result found no significant differences under 

pellet culturing and fluid shear stress culture for B30 (P>0.05) among 

day 5, 6 and 7 of culturing as shown in Figure 1 and for B30Sr20 as 

shown in Figure 2. 

 
Figure 1. Mean comparison of cell viability/proliferation on B30 

biomaterial under pellet and shaker culture condition 

 
Figure 2. Mean comparison of cell viability/proliferation on B30Sr20 

biomaterial under pellet and shaker culture condition 

 

There are no significant differences overall in cell viability and 

proliferation cultured on B30 or strontium enriched B30 as P>0.05 

(Figure 3). 

 
Figure 3. Comparison of B30 with B30Sr20 biomaterials for cell 

proliferation 

 

3.2. Cell Morphology  

Scanning Electron Microscope (SEM) was carried out to observe 

morphologies of the two biomaterials tested (B30 and B30Sr20) and their 

interactions with the cells adhering onto them. SEM images of B30 and 

B30Sr20 appeared in Figure 4 (A and B, respectively) and the 

morphological characteristics of B30 were assed in comparison to 

B30Sr20 in its ability to hold cells. Figure 4 showed no pores for both 

scaffolds, however, B30 exhibited slight rough surfaces with some 

cracks on it while B30Sr20 smooth. 
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Figure 4. B30 appeared in 3D granule form and showed no pores (A,) 

and B30Sr20 appeared in 3D granule form. B30 exhibited some 

roughness while B30Sr20 with smooth surfaces. 

 

The morphology of stem cell growing on B30 and B30Sr20 

scaffolds were assessed using a SEM to examine the shape of the cell 

and adherence of the cell on the scaffolds. The cells were rather found to 

be attached on B30 than B30Sr20 (i.e. no cells found attached on 

B30Sr20). A representative SEM micrograph of EqMSC attachment on 

B30 scaffold is illustrated in figure 5. The cell adhered to the surface of 

B30 and maintained an extended fibroblast membrane morphology 

revealing satisfactory cell adhesion on the B30 scaffold than B30Sr20. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cell adhered to the surface of the B30 scaffold and maintained 

an extended fibroblast morphology revealing satisfactory cell adhesion 

on the B30 scaffold. 

3.3. Alizarin Red Staining 

Alizarin red staining was performed for cells cultured with B30 and 

B30Sr20 in osteogenic differentiation medium and standard medium for 

3, 14 and 19 days in pellet and shaker culture condition. The staining 

result is shown in figure 6. As compared to the control culture (cells with 

standard medium), the cells cultured on the scaffold with osteogenic 

medium have turned red after staining (figure 6). A slightly stronger 

color was observed for cells seeded with B30 than B30Sr20 incubated 

for 14 and 19 days than for only 3 days. Both scaffolds incubated with 

cells in standard medium (control groups) have not shown red color upon 

staining 

 

 

 

 

 

 

 

 

 

Figure 6. Scaffolds with cell stained red in alizarin staining and no red 
staining observed for the control groups. 

 

3.4. Qualitative Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) 
Qualitative RT-PCR was carried out to verify specific marker 

expression for osteoblasts. GAPDH was measured as a house 

keeping gene and osteopontin (OP) and osteocalcin (OC) were 

measured as a specific marker of osteoblast. Expression of GAPDH 

appeared in all groups (Figure 7-A) and expression of osteocalcin 

appeared to be positive for only pellet culture and was relatively low 

for shaker culture at 19 days as shown in figure 17. As far as the 

two biomaterials were concerned, expression of OC was better for 

B30 than B30Sr20 (Figure 7-B). Though, expression of osteopontin 

(OP) appeared to be very low in this experiment, weak bands were 

observed for cells incubated with B30 under pellet culture (Figure 

7-C). 

 
 
 
 
 
 
 
3.5. Cell Adhesion 

DAPI’s selectivity for DNA and high cell permeability allows efficient 

staining of nuclei. We did DAPI staining to verify if cells were able to 

adhere to the biomaterials. Figure 18 showed that by day 7, EqMSCs has 

grown in population, were fully attached and well distributed throughout 
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B30 than B30Sr20. DAPI staining confirmed large, round nuclei 

contained in the cell bodies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Cellular adhesion on biomaterial with DAPI staining. 

Fluorescent micrograph of EqMSCs-B30 in Pellet culture (A), 

Shaker culture (B), B30Sr20 in pellet culture (C) and in shaker 

culture (D) showing adhesion of cell nucleus stained using DAPI 

at 7 days in culture. 

 

3.6. Cell Motility 

Cell motility for the scaffold-cell mixture was observed with a zeiss axio 

observer at 15 min intervals over 72 h in a temperature and CO2-

controlled humidified chamber. Cells that migrated out of the field of 

view, underwent division, or had visual blebbing were noted. Moreover, 

cells were observed growing out of the scaffold material and re-invading 

the scaffold particles. Below are captured images of live cells over a 72 

hours’ time-course (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Cells were captured while migrating out of B30 scaffolds in 

15minutes time interval. Note that cells are moving away from the 

scaffold material. 

 

4.1. Cell Viability/Proliferation 

MMT assay was employed to evaluate the conversion of MTT to 

formazan crystals by the mitochondrial dehydrogenases of the living 

cells indicating that the proportion of viable and proliferating cells 

attached to the scaffold materials. As indicated in the result part, all cells 

seeded with their respective scaffolds were shown viable and 

proliferating. However, the proliferation of cells incubated with no 

scaffolds (control group) was higher than cells incubated with scaffold. 

Absorbance values that are lower than the control cells indicate a 

reduction in the rate of cell proliferation. Conversely a higher absorbance 

rate indicates an increase in cell proliferation. 

The result also showed that there were no significant difference in 

absorbance value as far as the two biomaterials are concerned (i.e. there 

were no difference in cell viability and the proportion of cells 

proliferating on B30 and B30Sr20). This might not indicate that cells 

would proliferate equally, incubated with B30 and B30Sr20 as MTT 

assay measures the cell proliferation rate and conversely, when 

metabolic events lead to apoptosis or necrosis, thus a reduction in cell 

viability. 

 

4.2. Cell Morphology Studies  

 

Adipose derived mesenchymal stem cells used in this study were cells 

that had been cryopreserved. Before performing SEM, cells were 

incubated with standard medium for 12 days and adhered to the plastic 

dish surface and showed spindle-shaped fibroblast like morphology. All 

the seed-scaffolds for the SEM investigation were from pellet 

culturing.After performing all the steps of SEM, pictures of cells 

incubated with both B30 and B30Sr20 were taken. 

The surfaces of B30 and B30Sr20 showed slightly different surface 

morphologies (i.e. both scaffolds have no porous nature however B30 

showed cracks and roughness than the one with strontium). Thus, cells 

were rather found to be attached on the surfaces of B30 than B30Sr20 

scaffold. We found no cells attached on the surfaces of B30Sr20. 

 

Referring to previous studies using fibroblasts, researchers have 

demonstrated that cells generate greater traction force and develop a 

broader and flatter morphology on stiff substrates than they do on soft 

but equally adhesive surfaces (8). In this study, such characteristics were 

observed after 12 days in culture (Figure 4 and 5) where mesenchymal 

stem cells  produced traction force and developed a flatter morphology 

on the slightly rough and cracked B30 but no attachment to the more 

smooth B30Sr20 surfaces. 

 

4.3. Adhesion and Migration of Cells 

In this section results of DAPI and cell motility testes are discussed. 

DAPI is a blue fluorescent stain that has high cell permeability and bind 

strongly to the A-T rich regions in DNA, where its fluorescence is 

approximately 20-fold higher than in the non-bound state. Its selectivity 

for DNA and high cell permeability allows efficient staining of nuclei 

(9).Figure 18 showed that, EqMSCs-B30 has grown in population in 

pellet culturing than with B30Sr20. The relatively full growth in 

population, cell attachment and distribution confirms well with the result 

obtained in SEM studies of this experiment. Cells were also found 

migrating out of B30 scaffolds onto the plastic material of the culture 

dishes as observed in figure 19 that in turn confirm that cells favour B30, 

grow on it and are able to migrate. 
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Generally, it could be observed that (figure 5,8 and 9) EqMSCs adhered 

to the surface of B30 and maintained an extended fibroblast like 

membrane morphology revealing satisfactory cell adhesion on the B30 

scaffold rather than on t he B30Sr20. This is in line with findings by 

W.M. Saltzman, et.al, (10), who have concluded that tissue-derived cells 

are anchorage dependent and must adhere to a solid surface to grow, 

proliferate and proceed to further events including cell migration and 

differentiation. 

 

 

4.4. Differentiation of EqMSCs 

EqMSCs were induced to differentiate in to osteocytes as per further 

characterization parameter with both B30 and B30Sr20 under pellet and 

shaker culture condition. Both the alizarin red staining technique and 

qualitative PCR were employed to confirm the differentiation potential 

of the cells with the two scaffold materials as indicated in Figure 6 and 

7, respectively. B30 and B30Sr20 incubated with EqMSCs showed the 

potential to support osteogenic differentiation in the presence of 

induction media though there is a difference between the two scaffolds. 

However, such a results support the fact that EqMSCs do not lose their 

potentials to differentiate when they adhere to B30 origin biomaterial. 

Even if EqMSCs did not show high differentiation potential with 

B30Sr20 as compared to B30, still the differentiation of EqMSCs into 

osteocytes is one of the key processes for bone regeneration. From a 

functional perspective, where cell therapy for musculoskeletal 

hindrances is the ultimate goal, it is fundamental that the cells do not lose 

or have reduced capacity of differentiation (11). This study showed that 

EqMSCs have the capability to differentiate into osteocytes on the 

silica/collagen composite biomaterial, an important character for bone 

regeneration. 

As far as the culturing condition is concerned, pellet culturing yielded a 

relatively better red staining than shaker culturing. And cells exposed to 

pellet culturing showed increased in OP and OC gene expression that 

those cells seeded with scaffolds under shaker culturing. Generally, cell 

scaffold mixtures incubated under pellet culture has yielded better 

osteogenic differentiation than those under shaker culturing. However, 

in principle shaker culture should have been resulted better osteogenic 

differentiation than pellet as fluid shear stress regulates cell function by 

stimulating multiple intracellular signaling pathways (12) including 

those involved in differentiation. Accordingly, there is growing interest 

in the regulation of differentiation of bone progenitor cells by mechanical 

stress. 

Recent data indicate that mechanical stimulation may be used to 

stimulate the osteogenic differentiation of bone marrow MSCs on both 

2D planar substrates and 3D scaffolds (13, 14). In 2D culture, rat MSCs 

exposed to shear stress showed increases in bone sialoprotein (BSP) and 

osteopontin (OP) gene expression, as well as alkaline Phosphatase (ALP) 

activity (15). Therefore the author of this thesis postulates that the reason 

why the shaker culture did not contributed to better osteogenic 

differentiation is due to the fact that the source of the cells were not from 

bone marrow . And this could be substantiated by the fact that fluid shear 

stress occurs in the interstitial spaces around bone cells during repetitive 

loading and unloading of bone (16) and probably in the bone marrow 

cavity. 

5. CONCLUSION 

Equine derived adipose mesenchymal stem cells rather grow (proliferate, 

migrate, adhere, live, and differentiate) on B30 than on B30Sr20 scaffold 

materials and better results were observed under pellet culturing than 

culturing the cells with scaffold under fluid shear stress condition. 

Moreover, better osteogenic differentiation of cells were observed with 

B30 than with B30Sr20 scaffold as strong red colors for alizarin red 

staining of cells were seen in cells incubated with the B30 material. It 

could be concluded than late incubation (14,19 days) of equine derived 

adipose mesenchymal stem with B30 under osteogenic medium could 

yield better calcification than early incubation however early incubation 

would result in higher expression of osteogenic marker genes. This intern 

might attribute to fresh medium change as alkaline phosphatase in the 

fetal bovine serum (FBS) might increase osteogenic marker expression. 

The author of this paper assumes that the reason why the shaker culture 

did not contributed to better osteogenic differentiation is due to the fact 

that the source of the cells were not from bone marrow; due to the fact 

that fluid shear stress occurs in the interstitial spaces around bone cells 

during repetitive loading and unloading of bone and probably in the bone 

marrow cavity. 

The author would recommend that using pores B30Sr20 scaffold may 

better perform than the monolithic xerogel that has no pores and intact 

for further verification of strontium enriched silica-collagen composite 

biomaterial before bringing them to in vivo experiment. Moreover, the 

angle and frequency of shaking has to be further verified in conjunction 

with the mode of shaking. This to say that, the shaking frequency of >30 

rpm with an shaking angle more or less than 15o has to sought in 

comparison with other shaking modes such as shock wave and cell 

stretching. 
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