
REFERENCES

A c e v e d o -D a v ila , J .L ., L o p e z -c u ev a s , J ., V a rg a s -G u tie rre z , G ., R e n d o n -A n g e le s , J.c. 
a n d  M e n d e z -N o n e ll, J . (2 0 0 7 ) C h e m ic a l sy n th e s is  o f  b o n e -lik e  c a rb o n a te  
h y d ro x y a p a ti te  f ro m  h e n  eg g sh e lls  a n d  its  c h a ra c te r iz a tio n . B o l. S oc. E sp . 
C e ram , 4 6 , 2 2 5 -2 3 1 .

A fsh a r, A ., G h o rb a n i, M ., E h sa n i, N ., S aeri, M .R . a n d  S o rre ll, c .c . (2 0 0 3 ) S om e 
im p o rta n t fa c to rs  in  th e  w e t p re c ip ita t io n  p ro c e s s  o f  h y d ro x y a p a tite . 
M a te r ia ls  a n d  d e s ig n , 2 4 , 197-202 .

A lam , M d . Im ra n u l.,  A sa h in a , Izu m i., O h m a m iu d a , K o h ic h i.,  T a k a h a sh i, K o u ich iro ., 
Y o k o ta ,S h o ji.,  an d  E n o m o to , S h o ji (2 0 0 1 )  E v a lu a tio n  o f  ce ram ics  
c o m p o se d  o f  d if fe re n t h y d ro x y a p a tite  to  tr ic a lc iu m p h o sp h a te  ra tio s  as  
c a rr ie rs  fo r  rh B M P -2 . B io m a te ria l, 2 2 ,1 6 4 3 -1 6 5 1 .

A lm ira ll, A ., L a rre c q  G ., D e lg a d o , J .A ., M a rtin e z , ร ., P la n e ll,  J .A ., an d  G in eb ra , M .p
(2 0 0 4 ) F a b r ic a tio n  o f  lo w  te m p e ra tu re  m a c ro p o ro u s  h y d ro x y a p a tite  
sc a ffo ld s  b y  fo a m in g  a n d  h y d ro ly s is  o f  an  a -T C P  p a s te . B io m a te r ia ls , 25 , 
3 6 7 1 -3 6 8 0 .

A rm , D .M ., T e n c e r , A .F ., B a in , S .D ., an d  C e lin o , D . (1 9 9 6 )  E ffe c t  o f  c o n tro lled  
re le a se  o f  p la te le t d e r iv e d  g ro w th  fa c to r  f ro m  a  p o ro u s  h y d ro x y a p a tite  
im p la n t o n  b o n e  in g ro w th . B io m a te r ia ls , 17, 7 0 3 -7 0 9 .

B o o n so n g rit, Y a o w a la k ., A b e , H iro y a ., S a to , K a z u y o sh i.,  N a ito , M a k io ., Y o sah iro , 
M a sa h iro ., Ic h ik a w a , H id ek i., an d  F u k u m o ri, Y o sh in o b u . C o n tro lle d  re lease  
o f  b o v in e  se ru m  a lb u m in  fro m  h y d ro x y a p a tite  m ic ro sp h e re s  fo r  p ro te in  
d e liv e ry  sy s te m  (2 0 0 8 )  M a te ria ls  sc ie n c e  an d  e n g in e e r in g  B , 148, 162-165 .

B a ld w in , S a m u e l p . ,  an d  S a ltz m a n , พ .  M a rk  (1 9 9 8 )  M a te r ia ls  fo r  p ro te in  d e liv e ry  in  
tis su e  e n g in e e r in g . A d v a n c e d  D ru g  D e liv e ry  R e v ie w s , 3 3 , 7 1 -8 6 .

B a ra k a t, N a s se r  A .M ., K h il, M y u n g  S eo b ., O m ra n , A .M ., S h e ik h , F a h e e m  A ., an d  
K im , H a k  Y o n g  (2 0 0 9 )  E x tra c tio n  o f  p u re  n a tu ra l h y d ro x y a p a tite  fro m  th e  
b o v in e  b o n e s  b io  w a s te  by  th re e  d if fe re n t m e th o d s . M a te r ia ls  p ro cess in g  
te c h n o lo g y , 2 0 9 , 3 4 0 8 -3 4 1 5 .

C a e n e g ie  M e llo n  U n iv e rs ity . “ E v a lu a tin g  In te rn e t R e se a rc h  S o u rc e s .”  B o n e  T issu e  
e n g in e e r in g  c e n te r  <  h ttp ://w w w .b te c .c m u .e d u .h tm > .

http://www.btec.cmu.edu.htm


77

Carano, R.A., and Filvaroff, E.H.(2003) Angiogenesis and bone repair, Drug Discov. 
Today. 8 , 980-989.

Cao, Li-Yun., Zhang, Chuan-bo., and Huang, Jian-feng (2005) Synthesis of 
hydroxyapatite nanoparticles in ultrasonic precipitation. Ceramics 
International. 31, 1041-1044.

Choong, c., Triffitt, J.T., and Cui, Z.F. (2004) Polycaprolactone scaffolds for bone 
tissue engineering: effects of a calcium phosphate coating layer on 
osteogenic cells. Food and bioproducts processing. 82(C2), 117-125.

Chu, Tien-Min G., Warden, Stuart J., Turner, Charles H., and Stewart, Rena L,
(2007) Segmental bone regeneration using a load-bearing biodegradable 
carrier of bone morphogenetic protein-2. Biomaterial. 28, 459-467.

Degim, I.Tuncer., and Celebi, Nevin (2007) Controlled Delivery of Peptides and 
Proteins. Current Pharmaceutical Design. 13, 99-117.

“Evaluating Internet Research Sources.” Compendium Review Chapterll. 3 July 
2008. <www.octusa.com/product/Osteoporosis.html>.

Habraken, W.J.E.M., Wolke, J.G.C., and Jansen, J.A. (2007) Ceramic composites as 
matrices and scaffolds for drug delivery in tissue engineering. Advanced 
drug delivery review, 59, 234-248.

Hemingway, C.A., Shellis R.P., Parker, D.M., Addy, M., and Barbour, M.E. (2008) 
Inhibition of hydroxyapatite dissolution by ovalbumin as a function of pH, 
calcium concentration, protein concentration and acid type. Caries Res, 42, 
348-353.

Hariraksapitak, p. (2009) Development of protein delivery scaffold with a separate 
drug carrier system for bone tissue regeneration. Doctor dissertation. The 
Petroleum and Petrochemical College, Chulalongkom University.

H.Li, Rebecca., and M. Wozney, John (2001) Delivering on the promise of bone 
morphogenetic proteins. Biotechnology, 19, No.7.

Ho, Mei Ling., Fu, Yin Chin., Wang, Gwo Jaw., Chen, Hui Ting., Chang, Je Ken., 
Tsai, Tsung Hsien., and Wang, Chih Kuang (2008) Controlled release 
carrier of BSA made by w /o /w  emulsion method containing PLGA and 
Hydroxyapatite. Controlled Release, 128, 142-148.

http://www.octusa.com/product/Osteoporosis.html


78

Hou, Qingpu., Grijpma, Dirk พ., and Feijen, Jan (2003) Porous polymeric structures 
for tissue engineering prepared by a coagulation, compression moulding 
and salt leaching technique. Biomaterials. 24, 1937-1947.

Imranul Alam, Md., Asahina, Izumi., Ohmamiuda, Kohichi., Takahashi Kouichiro., 
Yokota, Shoji., and Enomoto, Shoji (2001) Evaluation of ceramics 
composed of different hydroxyapatite to tricalciumphosphate ratios as 
carriers for rhBMP-2. Biomaterials. 22, 1643-1651.

International Osteoporosis Foundation. “Evaluating Internet Research Sources.” 
18th IOF Advanced Training Course on Osteoporosis. 2009 
<http://www.iofbonehealth.org.html>.

IJntema, K., Heuvelsland, W.J.M., Dirix, C.A.M.C., and Sam, A.p (1994) 
Hydroxyapatite microcarriers for biocontrolled release of protein drugs. 
International Journal of Pharmaceutics. 112, 215-224.

Komlev, Vladimir ร., Barinov, Serguei., and Koplik, Elena V. (2002) A method to 
fabricate porous spherical hydroxyapatite granules intended for time- 
controlled drug release. Biomaterials. 23, 3449-3454.

Kandori, Kazuhiko., Shohei, Oda., Masao, Fukusumi., Yoshiaki Morisada. (2009) 
Synthesis of positively charged calcium hydroxyapatite nano-crystals and 
their adsorption behavior of proteins. Colloid and Interface. 173,140-145.

Lee, Kuen Yong., Yuk, Soon Hong (2007) Polymeric protein delivery systems. 
Progress in polymer science. 32, 669-697.

Lee, Soo-Hong, Heungsoo Shin (2007) Matrices and scaffolds for delivery of 
bioactive molecules in bone and cartilage tissue engineering. Advanced 
drug delivery reviews. 59, 339-359.

Li, Yanbao., Tjandra, Wiliana., and Tam, Kam c  (2008) Synthesis and 
characterization of nanoporous hydroxyapatite using cationic surfactants as 
templates. Materials Research Bulletin. 43, 2318-2326.

Lim, G.K., Wang, J., Ng, S.C., and Gan, L.M. (1996) Processing of fine 
hydroxyapatite powers via an inverse microemulsion route. Materials 
Letters. 28, 431-436.

http://www.iofbonehealth.org.html


79

Liou, Sz-chian., Chen, San-Yuan., Lee, Hsin-Yi., and Bow, Jong-Shing (2004) 
Structure characterization of nano-sized calcium deficient apatite powders. 
Biomaterials. 25, 189-196.

Liu, Tse-Ying., Chen, San-Yuan., Liu, Dean-Mo., and Liou, Sz-chian (2005) On the 
study of BSA-loaded calcium-deficient hydroxyapatite nano-carriers for 
controlled drug delivery. Controlled Release. 107, 112-121.

Matsumoto, T., Okazaki, M., Inoue, M., Yamaguchi, ร., Kusunose, T., Toyonaga, T., 
Hamada, Y., and Takahashi (2004) Hydroxyapatite particles as a controlled 
release carrier of protein. Biomaterials. 25, 3807-3812.

Mattanavee, Waradda., Suwantong, Orawan., Puthong, Songchan., Bunaprasert., 
P.Hoven, Voravee., and Supaphol, Pitt (2008) Immobilization of 
biomolecules on surface of electrospun polycarprolactone fibrous scaffolds 
for tissue engineering.

Murata, M., Inoue, M., Arisue, M., Kuboki, Y., and Nagai, N. (1998) Carrier- 
dependency of cellular differentiation induced by bone morphogenetic 
protein in ectopic sites. Int.J.Oral Maxillofac. Sure. 27, 391-396.

Na, Kun., Kim, Sung won., Woo, Dae Gyun., Yang, Han Na., Chung Hyung Min., 
and Park, Keun Hong (2007) Osteogenic differentiation of rabbit 
mesenchymal stem cells in thermo-reversible hydrogel constructs 
containing hydroxyapatite and bone morphogenic protein-2 (BMP-2). 
Biomaterials, 28,2631-2637.

Ono, Ichiro., Tateshita, Tohru., Inoue, MasaYuki., and Yoshinori, Kuboki (1998). In 
v ivo  strength enhancement of hydroxyapatite combined with rhBMP-2. J 
Bone Miner Metab, 16, 81-87.

Ono, L, Inoue, M., and Kuboki, Y. (1996) Promotion of the osteogenetic activity of 
recombinant human bone morphogenetic protein by prostaglandin EL 
Bone. 19,581-588.

Prasansuklarb, A. (2008) Osteoblastic cell growth and enzymatic degradation of 
different aliphatic polyester scaffolds. Master thesis. The Petroleum and 
Petrochemical College, Chulalongkom University.



80

Porter, Joshua R., Henson, Andrew., and Popat, Ketul c . (2009) Biodegradable poly 
(e-caprolactone) nanowires for bone tissue engineering applications. 
Biomaterials, 30, 780-788.

Sachlos, E., Czemuszka, J.T. (2003) Making tissue engineering scaffolds work. 
Review: the application of solid freeform fabrication technology to the 
production of tissue engineering scaffolds. Eur Cell Mater. 5, 29-39.

Salgado, A.J., Coutinho, O.P., and Reis, R.L (2004). Bone tissue engineering ะ state 
of the art and future trends. Macromol. Biosci. 4, 743-765.

Schnettler, Reinhard., Alt, Volker., Dingeldein, Elvira., Pfefferle, Hans-Joachim., 
Kilian, Olaf., Meyer, Christof., Heiss, Christian., and Wenisch (2003) Bone 
ingrowth in bFGF-coated hydroxyapatite ceramic implants. Biomaterials, 
24, 4603-4608.

Shih, Wei-Jen., Chen, Yung-Feng., Wang, Moo-chin., and Hon Min-Hsiung (2004) 
Crystal growth and morphology of the nano-sized hydroxyapatite powders 
synthesized from CaHP0 4 ‘2 H2 0 . Crystal Growth, 270, 211-218.

Simon,S.R.(ed.). Orthopaedic Basic Science. AAOS, 1994.
Smiciklas, Ivana., Onjia, Antonije., and Raicevic, Slavica (2005) Experimental 

design approach in the synthesis of hydroxyapatite by neutralization 
method. Seperation and purification Technology, 44, 97-102.

Sohier, J., Haan, R.E., Groot, K.de., Bezemer, J.M. (2003) A novel method to obtain 
protein release from porous polymer scaffolds: emulsion coating. 
Controlled Release, 87, 57-63.

Sokolsky-Papkov, Marina., Agashi, Kapil., Olaye, Andrew., Shakesheff, Kevin., and 
Domb, Abraham (2007) Polymer carriers for drug delivery in tissue 
engineering. Advanced drug delivery reviews, 59, 187-206.

Sommerfeldt, D.W., Rubin, C.T. (2001) Biology of bone and how it orchestrates the 
form and function of the skeleton. Eur Spine J. 10: S86-S95.

Sopyan, I., Mel, M-, Ramesh, ร. and Khalid, K.A. (2007) Porous hydroxyapatite for 
artificial bone applications. Advanced Materials . 8 , 116-123.

Sumner, D.R., Turner, T.M., Urban, R.M., Leven, R.M., Hawkins, M., Nichols, E.H., 
McPherson, J.M., and Galante, J.o. (2001) Locally delivered rhTGF-(32



81

enhances bone ingrowth and bone regeneration at local and remote sites of 
skeletal injury. Orthopaedic Research. 19, 85-94.

Suwa, Yoshiko., Banno, Hideo., and Saito, Hajime (1993) Synthesis of 
Compositionally Regulated Hydroxyapatite from Ca (OH)2 and H3PO4. 
Ceramic Society of Japan. Int. Edition, 101,642-647.

Tabata, Y. and Ikada, Y. (1998) Protein release from gelatin matrices. Advanced 
Drug Delivery Reviews. 31(3), 287-301.

Takahashi, Yoshitake., Masaya, Yamamoto., and Tabata, Yasuhiko (2005) Enhanced 
osteoinduction by controlled release of bone morphogenetic protein-2  from 
biodegradable sponge composed of gelatin and p-tricalcium phosphate. 
Biomaterials. 26, 4856-4865.

Vunjak-Novakovic, Gordana., Ian Freshney, R. (2006) Culture of cells for tissue 
engineering. Culture of specialized cells. 1-512.

Weiner,ร., and Traub, พ. (1992) Bone structure: from angstroms to microns. FASEB 
J, 6 , 879-885.

Wutticharoenmongkol, Patcharapom., Pavasant, Prasit., and Suphaphol, Pitt (2007) 
Osteoblastic phenotype expression of MC3T3-E1 cultured on electrospun 
polycaprolactone fiber mats filled with hydroxyapatite nanoparticles. 
Biomacromolecules. 8 , 2602-2610.

Xu Hockin, H.K., Michael, D.Weir., and Carl G.Simon (2008) Injectable and strong 
nano-apatite scaffolds for cell/growth, factor delivery and bone 
regeneration. Dental material. 24, 1212-1222.

Yokogawa, Yoshiyuki., Nagata, Fukue., Kato, Katsuya., Shiotsu, Yoshikazu., and 
Watanabe, Makoto (2006) Protein release behavior from carbonate apatite 
hydrogel. Ceramic Society. 26, 519-523.

Yang, Qing., Chen, Lin., Shen, Xinyuan., and Tan Zhiqing (2006) Preparation of 
Polycaprolactone Tissue Engineering Scaffolds by Improved Solvent 
Casting/Particulate Leaching Method. Macromolecular. 45, 1171-1181.

Young, ร., Wong, M., Tabata, Y., and Mikos, A.G. (2005) Gelatin as a delivery 
vehicle for the controlled release of bioactive molecules. Journal of 
Controlled Release, 109(1-3), 256-274.



82

Zhang, Xing., and Vecchio, Kenneth ร. (2007) Hydrothermal synthesis of 
hydroxyapatite rods. Crystal Growth, 308, 133-140.

Zhao, Hongshi., He, Wen., Wang, Yingjun., Zhang Xudong., Li, Zhengmao., Yan, 
Shunpu., Zhou, Weija., and Wang Guancong (2008) Biomineralization of 
large hydroxyapatite particles using ovalbumin as biosurfactant, Materials 
Letters. 62, 3603-3605.

Zhao, Hongshi, He, Wen., Wang, Yingjun., Zhang Xudong., Li, Zhengmao., Yan, 
Shunpu., Zhou, Weija. Biomimetic (2008) Synthesis and Characterization 
of Hydroxyapatite Crystal with Low Phase Transformation Temperature. 
Journal of chemical & engineering data, 53 (12), 2735-2738.



APPENDICES

Appendix A Electrical conductivity of proteins-loaded Hydroxyapatite powder

Twenty milliliter of the suspension was placed in an electrophoresis cup, 
and the movable images of the particles were recorded by the electrophoresis 
apparatuร. The zeta potentials of all the samples are negative, indicating that the 
particles themselves have superfluous positive electrical charges.

Table A1 Raw data of electrical conductivity of proteins-loaded Hydroxyapatite

Electrical Conductivity
Neat HAp 1 Neat HAp 2 HAp+OVA

1
HAp+OVA

2
HAp+GelB

1
1 -2 0 .0 -18.1 -20.4 -13.3 -14.3
2 -2 2 .6 -19.8 -19.2 -17.8 -18.93 -16.7 -19.0 -18.1 -11 .8 -17.64 -13.7 -18.1 -1 2 .6 -17.0 -23.85 -1 2 .8 -19.8 -13.6 -14.3 -2 1 .1
6 -12.7 -19.0 -23.2 -14.9 -23.87 -14.7 -18.1 -17.7 -18.2 -2 1 .1
8 -14.6 -18.6 -20.4 -1 2  1 -23.89 -13 3 -22.3 -15.0 -14.1 -14.3

1 0 -14.9 -14.0 -12.3 -19.2 -2 2 .6Average 7 -16 -2 0
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Appendix B Proteins release from HAp powder and HAp-PCL scaffold

1. Proteins release from HAp powder
The proteins release from hydroxyapatite was assessed in two different 

environments under phosphate buffer silane solution pH 7.4 and medium for cell 
culture condition. In this study, the 4 types of proteins-loaded hydroxyapatite ะ 
Ovalbumin, Gelatin type B, Bovine serum albumin and Crude bone protein 
extraction were examined to observe a change in release rate.

% Protein Release was measured by UV-Visible spectroscopy at 280 nm for 
OVA and BSA, 275 nm for CBP and 215 nm for Gelatin type B and calculated by 
the following equation.

Encapsulating efficiency (%) = total mg proteins:encapsulated X  100initial mg proteins-loaded
Loading capacity (%) = total mg proteins-encapsulated X  100total mg particles.

2. Proteins release from HAp-PCL scaffold
The proteins/HAp-PCL were immersed in 1 ml of the minimum essential 

medium (MEM; Gibco, Invitrogen) in 24 well plate. All samples were incubated in a 
shaking water bath (70 rpm) at 37°c. The amount of proteins releasing from scaffold 
to the supernatant was measured by BCA protein assay at various times. After the 
releasing medium (sample solution) was withdrawn 20 pi to mixed with BCA 
solution, an equal amount of fresh medium was added to maintain a constant volume 
of the medium. The amount of protein in the sample solution was determined by UV- 
Visible spectroscopy at 562 nm.

Encapsulating efficiency (%) = total mg proteins-encapsulated X  100initial mg proteins-loaded
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Table B1 Raw data of the proteins release from HAp powder
% Protein Release from HAp

Day HAp/ OVA 1 HAp/ OVA 2 Average HAp/ GelB 1 HAp/ GelB 2 HAp/ GelB 3 Average HAp/ BSA 1 HAp/ BSA 2 HAp/ BSA 3 Average HAp/ CBP 1
0 0 0 0 0 0 0 0 0 0 0 0 0

1 4.296 4.191 4.244 2.501 1.898 2.293 2.230 0.562 0.334 0.889 0.595 4.319
4 12.381 12.575 12.478 5.644 5.520 5.631 5.599 1.539 1.243 6.606 3.129 13.226
7 17.692 19.314 18.503 8.897 9.275 9.095 9.089 6.354 2.974 13.516 7.615 23.321
14 30.355 29.495 29.925 11.620 12.556 11.965 12.047 14.187 8.355 21.108 14.550 ท/a
21 41.802 39.318 40.560 11.620 12.556 11.965 12.047 22.431 18.183 30.889 23.834 41.211
28 51.930 48.681 50.306 11.620 12.556 11.965 12.047 33.235 32.392 42.280 35.969 52.648
35 51.930 48.681 50.306 11.620 12.556 11.965 12.047 42.528 47.373 53.671 47.857 52.648
42 51.930 48.681 50.306 11.620 12.556 11.965 12.047 50.495 60.528 64.004 58.342 52.648
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Table B2 Raw data of the proteins release from HAp-PCL scaffolds

Day HAp/ OVA 1 HAp/ OVA 2 Average HAp/ GelB 1 HAp/ GelB 2 Average HAp/BSA1 HAp/BSA2 Average HAp/CBP1 HAp/CBP2 Average
4 0.262 0.296 0.279 0.366 0.362 0.364 0.294 0.263 0.279 n/a n/a n/a
7 0.619 0.527 0.573 0.782 0.739 0.761 0.607 0.59 0.599 1.49 1.50 1.50
14 0.891 0.906 0.899 0.982 1 .0 0 2 0.992 0.915 0.964 0.940 2.129 2.203 2.166
21 1.784 1.654 1.719 2.044 1.995 2.0195 1.869 1.877 1.873 2.144 2.139 2.142

BCA standard curve
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Appendix c  Particle size distribution of protein-loaded hydroxyapatite powder

Table C l Raw data of particle size distribution of HAp/OVA
S iz e  (urn) V o lu m e  In % S iz e  (urn) V o lu m e  In % S iz e  (urn) V o lu m e  In % S iz e  (u m ) V o lu m e  In % S iz e  (u m ) V o lu m e  In %

0 .0 1 0 0 .1 8 2 0 3 .3 1 1 0 .0 7 6 0 .2 5 6 0 .8 2 1 0 9 6 .4 7 8 0 .0 6
0 .0 1 1 0 0 .2 0 9 0 3 .8 0 2 0 .0 7 6 9 .1 8 3 1.14 12 5 8 .9 2 5 0
0 .0 1 3 0 0 .2 4 0 4 .3 6 5 0 .0 7 7 9 .4 3 3 1.53 144 5 .4 4 0
0 .0 1 5 0 0 .2 7 5 0 5 .0 1 2 0 .0 7 9 1 .2 0 1 1.97 1 6 5 9 .5 8 7 0
0 .0 1 7 0 0 .3 1 6 0 5 .7 5 4 0 .0 7 1 0 4 .7 1 3 2 .4 7 1905 .461 0
0 .0 2 0 0 .3 6 3 0 6 .6 0 7 0 .0 7 1 2 0 .2 2 6 3 .0 2 2 1 8 7 .7 6 2 0

0 .0 2 3 0 0 .4 1 7 0 7 .5 6 0 .0 7 1 3 8 .0 3 8 3 .6 2 2 5 1 1 .8 8 6 0
0 .0 2 6 0 0 .4 7 9 0 8.71 0 .0 7 1 5 8 .4 8 9 4 .31 2 8 8 4 .0 3 2 0
0 .0 3 0 0 .5 5 0 10 0 .0 7 1 8 1 .9 7 5 .0 7 3 3 1 1 .3 1 1 0

0 .0 3 5 0 0 .6 3 1 0 1 1 .4 8 2 0 .0 8 2 0 8 .9 3 5 .9 3 8 0 1 .8 9 4 0
0 .0 4 0 0 .7 2 4 0 1 3 .1 8 3 0 .0 9 2 3 9 .8 8 3 6 .71 4 3 6 5 .1 5 8 0

0 .0 4 6 0 0 .8 3 2 0 1 5 .1 3 6 0 .0 9 2 7 5 .4 2 3 7 .4 6 5 0 1 1 .8 7 2 0
0 .0 5 2 0 0 .9 5 5 0 1 7 .3 7 8 0 .1 3 1 6 .2 2 8 8 .0 3 5 7 5 4 .3 9 9 0
0 .0 6 0 1 .0 9 6 0 1 9 .9 5 3 0.1 3 6 3 .0 7 8 8 .3 2 6 6 0 6 .9 3 4 0

0 .0 6 9 0 1 .2 5 9 0 2 2 .9 0 9 0 .11 4 1 6 .8 6 9 8 .23 7 5 8 5 .7 7 6 0
0 .0 7 9 0 1 .4 4 5 0 2 6 .3 0 3 0 .1 1 4 7 8 .6 3 7 .7 3 8 7 0 9 .6 3 6 0
0 .0 9 1 0 1 .66 0 3 0 .2 0 .1 3 5 4 9 .5 4 1 6 .8 3 10000 0
0 .1 0 5 0 1 .905 0 3 4 .6 7 4 0 .1 7 6 3 0 .5 7 5 .6 2
0 .1 2 0 2 .1 8 8 0 3 9 .8 1 1 0 .2 5 7 2 4 .4 3 6 4 .21

0 .1 3 8 0 2 .5 1 2 0 4 5 .7 0 9 0 .3 7 8 3 1 .7 6 4 2 .8 5
0 .1 5 8 0 0 .8 8 4 0 .0 5 5 2 .4 8 1 0 .5 6 9 5 4 .9 9 3 1 .28
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Appendix D Characterization of Polyscprolactone scaffold

The density of the scaffolds (p s c a f fo ld )  is determined by using a Sartorius 
YDK01, Germany density measurement kit (Buoyancy method) which can be 
calculated using the following equation.

p sc a ffo ld  —  พ a x p fl

W a  x  W f l

Table D1 Raw Data of the density of the PCL scaffold.
1 2 3 4 5 6 7 8 9

พ(a) 0.046 0.047 0.047 0.047 0.045 0.044 0.048 0.047 0.046
พ(a)-W(fl) 0.393 0.426 0.421 0.413 0.384 0.416 0.422 0.377 0.428

p(fl) 0.998 0.998 0.998 0.998 0.997 0.997 0.997 0.997 0.997
pPCLscaffold 0.117 0 .1 1 0 0.111 0.114 0.117 0.107 0.115 0.124 0.109

Average 0.1139 g/cm3
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Appendix E Experimental data of water absorption
The dry scaffold scaffolds were weighted and then were immersed in 5 ml 

of phosphate buffer silane solution (PBS pH 7.4) solution at room temperature for 3 
days. Scaffolds were removed from the solution and carefully placed on the glass for 
5 seconds to remove the excessive water and weight immediately. The water 
absorption was calculated using the following equation.

Water absorption (%) = (M w e t -  M d r y )  x 100
M  dry

Where M dry and M w et are the weight of the scaffold before and after immersion in 
water respectively. Five measurements were performed for the calculation of an 
average water absorption value.

Table El Raw data of water absorption of PCL scaffold
1 %water

absorption 2 %water
absorption 3 %water

absorption Average
0 0.044 0 0.0454 0 0.0456 0 0
1 0.2021 78.2286 0.2097 78.35002 0.2162 78.90842 78.49568
2 0.2322 81.05082 0.2300 80.26087 0.235 80.59574 80.63581
3 0.2486 82.30088 0.2436 81.36289 0.2545 82.08251 81.91543
4 0.2563 82.83262 0.255 82.19608 0.2639 82.72073 82.58314
5 0.2759 84.05219 0.2717 83.29039 0.2715 83.20442 83.51567
6 0.2874 84.69033 0.2833 83.97459 0.2826 83.86412 84.17634
7 0.2996 85.31375 0.2994 84.83634 0.2861 84.06152 84.7372
8 0.306 85.62092 0.3019 84.96191 0.2978 84.68771 85.09018
9 0.3141 85.99172 0.3178 85.71429 0.3084 85.21401 85.64001
15 0.345 87.24638 0.3465 86.89755 0.3274 86.07208 86.73867
24 0.3589 87.74032 0.3789 88.01795 0.3565 87.20898 87.65575
48 0.3884 88.67147 0.391 88.38875 0.401 88.62843 88.56288
72 0.4327 89.83129 0.414 89.03382 0.4574 90.03061 89.63191
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Appendix F Experimental data of cell culture studies

The potential for use of HAp-PCL as bone scaffolds was assessed by mouse 
calvaria derived pre-osteoblastic cells, MC3T3-E1, in terms of indirect cytotoxicity, 
cell attachment, cell proliferation, alkaline phosphatate (ALP) activity, and 
mineralization.
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Table FI Raw data of direct cytotoxicity test of proteins determinate the viability of MC3T3-E1 by MTT assay at 570 nm

C on tro l O V A G ela tin  ty p e  B B S A C B P

2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 72  h 2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 72  h

1 0 .3 6 4 0 .5 0 4 0 .6 6 3 0 .3 7 4 0 .5 0 9 0 .5 9 3 0 .3 6 5 0 .4 9 3 0 .6 2 8 0 .3 7 3 0 .4 7 5 0 .6 6 5 0 .3 1 9 0 .4 8 8 0 .5 6 4

2 0 .3 6 3 0 .4 9 5 0 .6 6 4 0 .3 8 0 .5 0 4 0 .5 6 1 0 .3 6 2 0 .5 1 9 0 .61 0 .3 5 9 0 .4 9 3 0 .6 2 0 .3 0 .4 5 7 0 .5 3 9

3 0 .3 6 4 0 .4 8 1 0 .6 6 4 0 .3 9 7 0 .4 9 2 0 .5 7 8 0 .3 8 7 0 .5 0 7 0 .5 9 4 0 .3 6 7 0 .5 3 4 0 .5 8 9 0 .2 9 2 0 .4 5 3 0 .5 1 9

A v e r a g e 0 .3 6 4 0 .4 9 3 0 .6 6 4 0 .3 8 4 0 .5 0 2 0 .5 7 7 0 .3 7 1 0 .5 0 6 0 .6 1 1 0 .3 6 6 0 .501 0 .6 2 5 0 .3 0 4 0 .4 6 6 0 .541
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Table F2 Raw data of indirect cytotoxicity test of protein-loaded hydroxyapatite powder determinate the viability of MC3T3-E1 by 
MTT assay at 570 nm cytotoxicity of hydroxyapatite powder

C on tro l N e a t  H A p H A p + O V A H A p + G e la tin  typ e  B H A p + B S A

2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 7 2  h 2 4  h 4 8  h 7 2  h

1 0 .3 3 4 0 .3 3 7 0 .4 3 4 0 .3 4 1 0 .3 3 5 0 .4 1 3 0 .3 4 1 0 .3 7 1 0 .4 1 6 0 .3 4 9 0 .3 6 9 0 .4 2 6 0 .3 8 8 0 .3 6 8 0 .4 4 3

2 0 .3 1 7 0 .3 2 2 0 .4 1 3 0 .3 4 4 0 .3 5 2 0 .4 1 6 0 .3 4 4 0 .3 7 8 0 .4 1 8 0 .3 5 8 0 .3 7 3 0 .4 0 8 0 .3 7 1 0 .3 7 3 0 .4 2 7

3 0 .3 4 4 0 .3 3 9 0 .4 1 6 0 .3 5 9 0 .3 4 5 0 .4 1 2 0 .3 5 9 0 .3 7 6 0 .4 2 9 0 .3 6 4 0 .3 7 0 .431 0 .3 9 3 0 .3 7 3 0 .4 4 8

A v e r a g e 0 .3 3 2 0 .3 3 3 0 .4 2 1 0 .3 4 8 0 .3 4 4 0 .4 1 4 0 .3 4 8 0 .3 7 5 0 .4 2 1 0 .3 5 7 0 .3 7 1 0 .4 2 2 0 .3 8 4 0 .371 0 .4 3 9

Table F3 Raw data of indirect cytotoxicity test of protein-loaded hydroxyapatite -PCI scaffold determinate the viability of MC3T3-E1 
by MTT assay at 570 nm Cytotoxicity of Hydroxyapatite powder Cytotoxicity of HAp-PCL scaffold

C on tro l P C L P C L + N e a t H A p P C L + O V A P C L + G ela tin  typ e  B P C L + B S A

2 4  h 4 8  h 2 4  h 4 8  h 2 4  h 4 8  h 2 4  h 4 8  h 2 4  h 4 8  h 2 4  h 4 8  h

1 0 .3 3 9 0 .5 4 8 0 .3 6 1 0 .5 0 4 0 .3 3 4 0 .5 7 1 0 .3 4 7 0 .5 5 0 .3 7 9 0 .6 2 3 0 .3 7 6 0 .5 7

2 0 .3 4 5 0 .5 5 2 0 .3 1 7 0 .5 1 9 0 .3 1 9 0 .5 2 7 0 .3 2 0 .5 8 1 0 .3 3 4 0 .6 3 0 .3 3 7 0 .5 7 8

3 0 .3 4 1 0 .5 5 5 0 .3 4 0 .5 4 1 0 .3 2 9 0 .5 2 3 0 .3 3 5 0 .6 0 .3 6 0 .6 4 6 0 .3 6 0 .5 9 3

A v e r a g e 0 .3 4 2 0 .5 5 2 0 .3 3 9 0 .5 2 1 0 .3 2 7 0 .5 4 0 0 .3 3 4 0 .5 7 7 0 .3 5 8 0 .6 3 3 0 .3 5 8 0 .5 8 0
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Table F4 Raw data of cell attachment of HAp-PCL scaffold, determined the viability of MC3T3-E1 by MTT assay at 570 nm

C on tro l P C L H A p -P C L O V A /H A p -P C L G ela tin  typ e B /H A p -P C L B S A /H A p -P C L C B P /H A p -P C L

2  h 4  h 6  h 2  h 4  h 6  h 2  h 4  h 6  h 2  h 4  h 6 h 2  h 4  h 6  h 2  h 4  h 6  h 2  h 4  h 6 h

1 0 .1 9 9 0 .3 9 2 0 .3 9 7 0 .1 3 1 0 .2 0 9 0 .3 3 2 0 .1 6 3 0 .2 6 1 0 .3 1 7 0 .1 6 1 0 .2 1 5 0 .3 4 5 0 .1 7 9 0 .2 2 9 0 .2 9 5 0 .1 3 7 0 .1 7 2 0 .3 7 9 0 .1 6 2 0 .2 7 8 0 .3 4 7

2 0 .2 1 0 0 .3 8 0 0 .4 0 9 0 .1 4 2 0 .2 2 3 0 .3 1 9 0 .1 6 0 0 .2 4 8 0 .3 3 6 0 .1 4 9 0 .2 2 1 0 .3 4 0 0 .1 7 3 0 .2 3 6 0 .2 9 9 0 .1 3 3 0 .161 0 .3 8 6 0 .1 4 7 0 .2 6 9 0 .3 1 4

3 0 .2 0 5 0 .3 7 6 0 .4 2 9 0 .1 2 7 0 .2 1 8 0 .3 1 0 0 .1 5 5 0 .2 3 7 0 .3 1 3 0 .1 4 0 0 .2 0 7 0 .3 1 4 0 .1 9 0 0 .2 4 8 0 .3 1 0 0 .1 3 4 0 .1 7 0 0 .3 5 4 0 .1 5 1 0 .2 8 3 0 .3 1 9

A v e r a g e 0 .2 0 4 0 .3 8 2 0 .4 1 2 0 .1 3 3 0 .2 1 7 0 .3 2 0 .1 5 9 0 .2 4 9 0 .3 2 2 0 .1 5 0 .2 1 4 0 .3 3 3 0 .1 8 0 .2 3 7 0 .3 0 1 0 .1 3 5 0 .1 6 8 0 .3 7 3 0 .1 5 3 0 .2 7 7 0 .3 2 7

Table F5 Raw data of cell proliferation of HAp-PCL scaffold, determined the viability of MC3T3-E1 by MTT assay at 570 nm

C on tro l P C L H A p -P C L O V A /H A p -P C L G ela tin  typ e  B /H A p -  
P C L B S A /H A p -P C L C B P /H A p -P C L

4 8  h 7 2  h 4 8  h 7 2  h 4 8  h 7 2  h 4 8  h ■ -.72 h  . 4 8  h  • 7 2  h • 4 8  h • . 7 2  h 4 8  h 7 2  h

1 0 .5 1 1 0 .5 2 6 0 .3 0 6 0 .3 2 5 0 .3 2 5 0 .3 3 1 0 .3 2 3 0 .3 0 2 0 .3 7 8 0 .3 2 8 0 .3 3 9 0 .3 4 4 0 .3 4 8 0 .3 2 5

2 0 .5 2 3 0 .5 4 5 0 .3 4 1 0 .3 1 0 0 .3 3 6 0 .3 1 2 0 .3 4 0 0 .3 2 0 0 .3 6 2 0 .3 1 6 0 .3 2 7 0 .3 2 0 0 .3 2 3 0 .3 1 3

3 0 .5 1 0 0 .5 2 7 0 .3 2 5 0 .3 0 0 0 .3 4 1 0 .3 0 1 0 .3 3 5 0 .3 1 4 0 .3 5 6 0 .3 1 5 0 .3 4 7 0 .3 0 8 0 .3 2 9 0 .3 0 3

A v e r a g e 0 .5 1 5 0 .5 3 2 0 .3 2 4 0 .3 1 1 0 .3 3 4 0 .3 1 4 0 .3 3 3 0 .3 1 2 0 .3 6 6 0 .3 2 0 .3 3 8 0 .3 2 4 0 .3 3 4 0 .3 1 4
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Table F6 Raw data of ALP activity of MC3T3-E1 seeded on proteins, PCL, HAp-PCL, and protein-loaded HAp-PCL scaffold. 
Amount of protein was determinate with BCA protein assay.

BCA standard curve ALP standard curve



95

BCA 3 d. Absorbance pmol/pl ALP 3 d. Absorbance pmol/pl ALP activity
Control 0.167 18.01103 Control 0.167 8.895527 0.493893
Control 0.202 22.11079 Control 0.151 8.094966 0.366109

PCL 0.455 51.74614 PCL 0.478 24.45642 0.472623
PCL 0.325 36.51849 PCL 0.296 15.35005 0.420336

HAp-PCL 0.431 48.93488 HAp-PCL 0.262 13.64885 0.278919
HAp-PCL 0.291 32.53587 HAp-PCL 0.191 10.09637 0.310315

OVA/HAp-PCL 0.566 64.74822 OVA/HAp-PCL 0.364 18.75243 0.289621
OVA/HAp-PCL 0.49 55.8459 OVA/HAp-PCL 0.284 14.74962 0.264113
Gel B/HAp-PCL 0.511 58.30575 Gel B/HAp-PCL 0.178 9.445912 0.162007
Gel B/HAp-PCL 0.445 50.57479 Gel B/HAp-PCL 0.186 9.846192 0.194686
BSA/HAp-PCL 0.435 49.40343 BSA/HAp-PCL 0.308 15.95047 0.322862
BSA/HAp-PCL 0.501 57.13439 BSA/HAp-PCL 0.383 19.70309 0.344855
CBP/HAp-PCL 0.535 61.11701 CBP/HAp-PCL 0.399 20.50365 0.335482
CBP/HAp-PCL 0.478 54.44027 CBP/HAp-PCL 0.364 18.75243 0.344459
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BCA 7 d. Absorbance pmol/pl ALP 7 d. Absorbance (imol/pl ALP activity
Control 0.261 29.0218 Control 0.173 9.195737 0.316856
Control 0.747 85.9498 Control 0.654 33.26258 0.387

PCL 0.651 74.70476 PCL 0.411 21.10407 0.2825
PCL 0.793 91.33804 PCL 0.402 20.65376 0.226124

HAp-PCL 0.691 79.39019 HAp-PCL 0.352 18.15201 0.228643
HAp-PCL 0.379 42.84382 HAp-PCL 0.161 8.595317 0.20062

OVA/HAp-PCL 0.751 86.41834 OVA/HAp-PCL 0.463 23.70589 0.274316
O V A/HAp-PCL 0.539 61.58555 OVA/HAp-PCL 0.323 16.70099 0.271184
Gel B/HAp-PCL 0.524 59.82851 Gel B/HAp-PCL 0.288 14.94976 0.249877
BS A/HAp-PCL 0.687 78.92165 BSA/HAp-PCL 0.642 32.66216 0.413856
BSA/HAp-PCL 0.651 74.70476 BSA/HAp-PCL 0.481 24.60652 0.329384
CBP/HAp-PCL 0.675 77.51602 CBP/HAp-PCL 0.481 24.60652 0.317438



Table E7 Raw data of ALP activity of MC3T3-E1 determined on different proteins

BCA 5 d Absorbance pmol/pl ALP 5 d Absorbance pmol/pl ALP activity
Control 0.163 17.54249 Control 0.193 10.19644 0.581242
Control 0.16 17.19108 Control 0.149 7.994896 0.465061
OVA 0.148 15.78545 OVA 0.129 6.994196 0.443079
OVA 0.138 14.6141 OVA 0.125 6.794056 0.464897

Gelatin type B 0.171 18.47958 Gelatin type B 0.15 8.044931 0.435342
Gelatin type B 0.173 18.71385 Gelatin type B 0.119 6.493846 0.347007

BSA 0.158 16.95681 BSA 0.175 9.295807 0.548205
BSA 0.164 17.65963 BSA 0.15 8.044931 0.455555
CBP 0.159 17.07395 CBP 0.093 5.192935 0.304144
CBP 0.092 9.22585 CBP 0.061 3.591814 0.389321
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BCA 7 d Absorbance pmol/pl ALP 7 d Absorbance pmol/pl ALP activity
Control 0.173 18.71385 Control 0.134 7.244371 0.387113
Control 0.162 17.42536 Control 0.124 6.744021 0.387023
OVA 0.174 18.83098 OVA 0.111 6.093565 0.323593
OVA 0.169 18.24531 OVA 0.105 5.793355 0.317526

Gelatin type B 0.129 13.55987 Gelatin type B 0.073 4.192235 0.309165
Gelatin type B 0.13 13.67701 Gelatin type B 0.088 4.94276 0.361392

BSA 0.15 16.01973 BSA 0.093 5.192935 0.324159
BSA 0.196 21.40797 BSA 0.126 6.844091 0.319698
CBP 0.095 9.577257 CBP 0.095 6.243671 0.376002
CBP 0.108 11.10002 CBP 0.066 3.841989 0.346124
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Table E8 Raw data of mineralization of MC3T3-E1 determined on TCPS, PCL, HAp-PCL, and protein-loaded HAp scaffold by 
using 10% cetylpyridinium chloride for eluted dye of alizarin Red-S

21 d 21 d
PCL no cell 0.363 OVA/HAp-PCL 1.418
HAp-PCL no cell 1.584 GelatinB/HAp-PCL 2.268
TCPS 0.043 GelatinB/HAp-PCL 1.763
TCPS 0.047 BSA/HAp-PCL 1.502
Neat PCL 0.828 BSA/HAp-PCL 1.423
Neat PCL 0.799 CBP/HAp-PCL 3.238
HAp-PCL 2.695 CBP/HAp-PCL 3.196
HAp-PCL 2.722
OVA/HAp-PCL 1.544
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