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In-situ Crystalline Formation of Nano-hydroxyapatite Using Simulated
Body Fluids on the Surface of Acetylated Chitosan

Hong Sung Kim'

Department of Biomaterial Science, Pusan National University, Miryang 50463, Korea

Abstract: Hydroxyapatite/chitosan composites are being researched as useful biomaterials
for bone repair and regeneration. In order to make a biomimetic composite, the in vitro for-
mation of apatite on the surface of the acetylated chitosan film using a simulated body
fluid was tested. The formation and in-situ crystallization behavior of hydroxyapatite as a
function of the degree of acetylation was investigated. The surface of the acetylated chi-
tosan was densely covered by forming a cluster of a plate-shaped crystalline phase with a
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thickness of approximately 20 nm, and the crystalline cluster was identified with apatite,
including hydroxyapatite. The closer the acetylation rate of chitosan was to 50%, the larger

were the amount of crystalline phases formed, and the Ca/P ratio gradually increased to
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reach 1.67 of hydroxyapatite. As the ratio of glucosamine and acetylglucosamine in chi-
tosan became identical, the formation of apatite was maximized and hydroxyapatite
accounted for most of them.
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Table 1. Acetylated chitosans and their degree of acetylation
according to mole ratio of acetic anhydride to glucosamine group

Specimen Feed mole ratios Degrees of
code Acetic anhydride/glucosamine  acetylation
AC03 - 0.03
AC15 0.2 0.15
AC33 0.625 033
AC45 1.25 045
AC59 2 0.59
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Table 2. lon concentrations of simulated body fluids (SBF) and human blood plasma

lon concentration (mM)

Na* K+ (2 HCO5™ ar HPO,> Noka
Blood plasma 1420 50 25 27.0 103.0 1.0 05
SBF 142.0 50 25 27.0 1250 10 05

1.5x SBF 2130 75 38 405 1875 15 0.75
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Figure 1. FT-IR spectra of the acetylated chitosans; (A) AC03, (B)
AC15, (C) AC33, (D) AC45, and (E) AC59.
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Figure 2. X-ray diffractograms of the acetylated chitosans; (A) AC03,
(B) AC15, (C) AC33, (D) AC45, and (E) AC59.

Table 3. XRD parameters of the acetylated chitosans
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Table 4. The cross-link parameters of the acetylated chitosans

1200

1000

800

600

400 4

Uptake of SBF (%)

200 4

0 T T T T T T
0 10 20 30 40 50 60

Degree of acethylation (%)

Figure 3. The uptake of SBF for the acetylated chitosan.
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3.2. 2AF51015| A ZAX{0| AHM
ojAgt A rO Aol ZAEo] 23t bone
morphogenic proteins(BMPs) 5 2] AAQIA-52] Z212}
2 0 2 WS A= $=A13013] 48 v 23 v A A A 9l
/\P7" (ACP)2} BFAFQl 5] 4 (carbonate apatite) 5-©] T-82

d Q Ay VA M, v Px
ACO03 13124 227 6238.16 21.77 2.58 0.3881 0.5094
AC15 1.3274 340 -19.21 6.77 19.19 0.0521 0.0692
AC33 1.3405 5.18 -347.99 412 72.39 0.0138 0.0185
AC45 13536 10.57 -128.02 7.05 140.23 0.0071 0.0097
AC59 1.3630 10.95 20.86 14.25 71.36 0.0140 0.0191

*d.: the density of the polymer, Q: the volume degree of swelling = volume of swellen/volume of polymer=1/v, At the chemical potential
difference, Aty = RTIN(T — 2v,) + v, + 11v.), z:: the polymer-solvent interaction parameter, M: the molecular welght between cross-links, v:

the effective number of moles of cross-linked chains per gram of polymer [32], v=1/Mc=[In(1-vy)+v,+ 7, ]/d V(v

molal volume of solvent, o,: the cross-linking density, p=d,/M..

3_v/2), Vi: the
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Figure 4. The morphologies (x20,000) of apatite in situ deposited on the surface of the acetylated chitosan film; (A) AC03, (B) AC15, (C) AC33,

(D) AC45, (E) AC59, and (F) AC45 magnified x80,000.
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Figure 5. The apatite-deposited surface morphology (upper) of
specimen AC45 that collected EDX data, and the typical spectrum
(below) indicating composition and content of its constituent
elements.

Table 5. The element ratios from the apatites deposited on the
surface of the acetylated chitosan film

Atomic %
Ca/P
Ca P
ACO3 16.37 11.70 1.40
AC15 14.52 10.16 143
AC33 18.58 11.68 1.59
AC45 27.01 16.04 1.68
AC59 17.25 11.22 1.54
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Figure 6. X-ray diffractograms of the acetylated chitosan films with
apatite on its surface by SBF; (A) AC03, (B) AC15, (C) AC33, (D) AC45,
and (E) AC59.
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Figure 7. FT-IR spectra of apatites on the surface of the acetylated
chitosan films; (A) AC03, (B) AC15, (C) AC33, (D) AC45, and (E) AC59.
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Figure 8. The weight ratios of the acetylated chitosan film on which
the apatite is deposited.
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