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Abstract²Collagen I is the main component of protein in bone 

and exhibits many excellent applications in biomedical fields. 

Gellan gum possesses good biocompatible, biodegradable and 

good mechanical property, and shows great potentials as tissue 

engineering scaffold or cell culture substrate. Therefore, the aim 

of this study was to use collagen I, gellan gum and �-TCP to 

prepare collagen I/gellan gum/�-TCP microspheres by emulsion 

method as bone graft substitute materials. The preliminary 

results showed that collagen I/gellan gum/�-TCP microspheres 

had particle size distribution between 500-1000 �P in diameter 

and exhibited better mechanical strength. These microspheres 

also showed good biocompatibility in cell activity test. 

I. INTRODUCTION 

The ideal bone generating materials should be 

biocompatible, osteoconductive and osteoinductive. The 

materials should also be degradable in concert with new bone 

growth lest it interferes with the new bone formation. In the 

past few years, efforts to investigate applications of the 

composite made of polymer and ceramic materials on bone 

tissue engineering have been increasing [1-6]. A variety of 

approaches to the development of biodegradable and 

bioactive composites for tissue engineering applications are 

being studied, including combinations of collagen and 

bioactive glasses in making of different scaffolds [7-11]. 

Among many commercially available ceramics, 

hydroxyapatite and �-TCP are frequently used as bone 

repairing and replacing materials because of their 

biocompatibility, bioactivity, and non-toxicity. Having the 

chemical composition close to the mineral composition of 

natural bone, calcium phosphate ceramics have been 

extensively employed as a bone substitute and revealed to be 

an invaluable osteo-integrative material [12-15]. In general, 

WKH�UHVRUSWLRQ�UDWH�RI�+$3�LV�VORZHU�WKDQ��-TCP under normal 

physiological environment. Consequently, this results to a 

longer-term ceramic persistency of HAP in the system. From 

FOLQLFDO�SUDFWLFH�DQG�H[SHULHQFH���-TCP ceramics possesses a 
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more favorable resorption pattern and osteo-transduction 

property, i.e., the ceramic material can be gradually absorbed 

followed by new bone formation and without compromising 

the intimacy of bone-implant contact.  

Collagen I is the primary component of the ECM in bone 

tissue. Under normal physiological conditions, collagen can 

undergo a spontaneous self-assembly reaction and then form 

fibrous structures. Collagen is widely used as a biomaterial in 

tissue engineering applications [16-18]. Many research efforts 

have also focused on how to produce an ordered 

three-dimensional collagen matrix and demonstrated that cells 

cultured in these collagen matrixes have a state of growth and 

differentiation behaviors close to that of the in vivo 

environment [19].  

Microspheres, on the other hand, could provide larger 

surface area for cell growth and possess easy estimation of 

diffusion and mass transfer behaviors. Therefore, 

microspheres could be more favorably used as cell or tissue 

carrier, bone grafting and drug delivery encapsulating 

material in biomedical field.   

In the case of collagen I, its poor mechanical properties 

actually prevented this unique biomedical material from more 

practical applications, such as for lengthier on-site duration, in 

form of microspheres of larger size. Therefore, we attempt to 

improve the mechanical strength of collagen microspheres. 

Gellan gum, which is also known as polysaccharide S-60, is 

produced by a non-pathogenic strain of Sphingomonas elodea. 

Its main chain consists of four repeating carbohydrates, 

including two D-glucose, one L-rhamnose, and one 

D-glucuronic acid. Recently, gellan gum has been 

investigated as a candidate biomaterial for tissue engineering, 

guided bone regeneration, drug-carrier matrices, gene 

delivery agents and cell-carrier materials [20-24]. Gellan gum 

is characterized by its unique gelling behavior that involves 

temperature-dependent hydrogen bonding and cation-induced 

electrical incorporation. In addition, gellan gel showed the 

compatibility with the human body in the long-term fate [25]. 

In this study, we take advantage of the specific properties 

RI�FROODJHQ���-TCP (with osteoinduction potential) and gellan 

gum (with rapid gelation) as the components for the 

preparation of a series of microsphere composites. In the 

present work, novel bioactive and biodegradable 

microspheres, FRPSRVHG�RI��-TCP, collagen I and gellan gum, 

were fabricated by w/o/w emulsion technique. The materials 

are intended as scaffolds for bone tissue engineering 

applications. In addition to the assessing of physical 

properties of composite microspheres, the biological function 

of the composites was examined by the cell culture test.  
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II. MATERIALS AND METHODS 

 

A. Preparation of microspheres 

The collagen I/JHOODQ� JXP��-TCP microspheres were 

prepared by the water/oil (w/o) emulsion method [25]. 

Various weights of gellan gum were dissolved in 100 ml of 

deionized water and heated at 85-90°C until they became 

transparent solutions. Collagen I and �-TCP powder were then 

poured into this solution at 37°C and stirred to allow collagen 

I and �-TCP powder to be well dispersed. A portion of this 

mixture was added to the mineral oil. During these processes, 

this dispersion medium was stirred with a mechanical stirrer at 

room temperature. About 10 min later, CaCl2 and 

1-ethyl-3-(3-dimethyl aminopropyl)-carbodiimide (EDC) 

were added into the dispersion medium. Similarly, 50 min 

later, CaCl2 and EDC were added into the medium and then 

stirred for 10 min. At the end of period, the collagen I/gellan 

JXP��-TCP microspheres were washed with acetone to 

remove mineral oil and collected by centrifugation at 5000 

rpm. Then, the microspheres were dried in vacuum and kept in 

a desiccator for further uses. The prepared collagen I/gellan 

JXP��-TCP microspheres were observed and examined by 

microscopy and scanning electron microscopy (SEM). 

 

B. Cell culture 

The present investigation conformed to the Guide for the 

Animal Use Protocol of Institutional Animal Care and Use 

Committee of I-Shou University. The osteoblast cells 

obtained from neonatal (less than 2 days old) Sprague-Dawley 

rats were used for the cell culture test because the composites 

were to be mainly used as bone-related materials.20 Cells 

between the second and third passages were used in these 

experiments. Osteoblast cells were first grown in T-75 tissue 

FXOWXUH� IODVNV� ZLWK� 'XOEHFFR¶V� PRGLILHG� (DJOH� PHGLXP�

containing 10% fetal bovine serum (FBS), 50 �g/mL ascorbic 

acid, and 10 mM �-glycerol phosphate. Cells (cell density of 

2×10
4
 cells/mL) were then transferred to the bacterial grade 

petri dishes with test samples immersed in the medium.  

Cell viability was evaluated using 3-(4,5-dimethyl- 

thiazol-2-yl) -2,5-diphenyl tetrazolium bromide (MTT) assay 

and was based on the mitochondrial conversion of the 

tetrazolium salt. At different time periods, the original 

medium in each well was replaced with MTT solution (5 

mg/ml), and the wells were incubated at 37°C for 4 h to enable 

the formation of formazan crystals. Then, the solution was 

removed and DMSO was added to all wells and mixed 

thoroughly to dissolve the dark blue crystals. After a few 

minutes to ensure that all crystals were dissolved, the plates 

were read on a multi-well scanning ELISA 

spectrophotometer. 

After a particular period, samples were treated with 

0.1% Triton X-100, pH 10.5 for one hour. Alkaline 

phosphatase enzyme was assayed by the method described in 

Lowry et al.21 by using p-nitrophenol phosphate as substrate. 

Absorbance at 405 nm was read to determine the amount of 

p-nitrophenol produced. The alkaline phosphatase activity of 

these composites were calculated according to the following 

equation: ALP activity (mM/h)=2×absorbance of 

composite/absorbance of standard sample, where the standard 

sample was 1 mM p-nitrophenol. 

 

III. RESULTS 

The preliminary results showed that the microspheres 

comprised of under 0.5% gellan gum exhibited poor 

mechanical strength. The microspheres prepared by w/o 

emulsion mHWKRG�ZLWK�DQG�ZLWKRXW�D�PL[WXUH�RI��-TCP show 

mostly sphericity (Fig. 1). These microspheres are about 

1000�m in diameter. The incorporation of collagen I and 

�-TCP did not cause any obviously change in the overall size 

and shape. (Table 1). The cross-section observation by SEM 

of microspheres exhibited homogeneous texture for gellan 

gum-only samples. On the contrary, other microspheres 

showed extensive heterogeneity of structural morphology 

inside of the microspheres as shown in Fig. 2. A SEM 

micrograph revealed that collagen I/gellan gum/�-TCP 

microspheres exhibited a rougher surface with wrinkles, as 

shown in Fig. 3. The microspheres remained intact spherical 

shape after a 3-day mechanical vibration test set at 80 rpm, 

indicating that these gellan gum-based microspheres exhibited 

lower agitation-induced fracture frequency compared with the 

collagen I/�-TCP microcapsules. The preliminary results 

indicated that the FROODJHQ�,�JHOODQ�JXP��-TCP microspheres 

with enhanced mechanical strength would be prepared from 

the very mild cross-linking procedures. 
 

Table 1. Experimental variables used for the preparation of microspheres. 

 

 
 

6668



  

   
 

   
 

   
Figure 1. Photomicrographs of the microspheres prepared by emulsion 

method. 

 

 

   
Figure 2. SEM micrographs of the cross-section of the microspheres. 

 

 

 
Figure.3. SEM of collagen I/gellan gum/�-TCP microsphere. 

 
 

 

 
Figure. 4 Alkaline phosphatase activities of osteoblast cells grown on the 

composite microspheres. 

 

 

 

As bone repair or grafting materials, two basic factors 

were considered in these materials, i.e., these materials should 

provide appropriate mechanical strength and be able to 

preserve the function of bone tissues. The phenotype and 

function of the osteoblasts cells were characterized by the 

alkaline phosphatase activity. So, in addition to the basic 

physical properties, the alkaline phosphatase activity of 

osteoblasts cells was also measured to verify the 

biocompatibility of these materials. Figure 4 showed the 

alkaline phosphate activity/MTT in the rat osteoblast cell 

culture grown on these prepared microspheres. As shown in 

this figure, the collagen-based microspheres preserved the 

higher value than the microspheres prepared by only gellan 

gum after 7 days of culture.  

With certain experimental settings, such as the 

concentrations of the reaction components, the collagen 

I/gellan guP��-TCP microspheres with good sphericity were 

readily prepared. The microspheres were about 500±1000 �m 

in size. In addition, the mechanical strength and the surface 

morphology of microspheres could be adjusted. The results 

indicated that the mechanical strength and the 

biocompatibility of the microspheres could be enhanced by 

the gellan gum and collagen, respectively. However, the usage 

of this new biomaterial, gellan gum, in the application of bone 

tissue engineering is still needed to evaluate systemically. 
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