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#18 Gel Permeation Chromatography, Waters 600E
Test conditions:

Eluent: 0.5M acetic acid and 0.5M sodium acetate (acetate buffer)

Flow rate: 0.6 ml/min

Injection volume: 20 pl

Temperature: 30°C

Column set: Ultrahydrogel linear 1 column (MW resolving rang = 1,000-20,000,000) 1 column +
guard column

Standard: Pullulans (MW 5,900-708,00)

Detector: Refractive Index Detector
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3.3.1Chitosan / Silk fibroin / Hydroxyapatite composite (CTS/SB)
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3.3.2 1m383 Chitosan / collagen / Hydroxyapatite composite (CTS/Col)
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3.4.1 Surface and Porosity

ABIATO4 Scanning Electron Microscope (SEM)
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3.4.2 Swelling property
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3.5.1 Attachment and proliferation

3.5.1.1. 193803AAAI08 LU A 0INA

Taeneanou Tndaii 1801n4o 3.3.1 ez 3.3.2 a9l 24-well tissue culture plate uaigunives
14 Laminar flow mmi’uamiu%a fy ethylene oxide

3.5.1.2. L’i??mmaé{um‘”ﬁ@maau

ﬂﬁ‘i/lﬂﬁ’é]ﬁﬂ%dﬁcl% bone marrow-derived stem cells (MSCs) passage ‘17] 3 INHIY wistar ety Tag
Taiyaa sy 1x10° a9 luudazseavad 24-well tissue culture plate wmsasaradae ez 37 °c,
5% CO, ué”;ﬁmmﬁuﬁaadnﬁnm 6, 24, 721188 120 GI?'J’JTEN L‘ﬁi’]ﬁ”l DNA assay f spectrophotmetry

o J J 1
method, Hoechst 33258 solution WITTUIUFAD IULAASFINIAT

Aav [y 2 d
4. nam3I98 (@umsnanlasuasasaauun]vial)

4.1 HANITNATDUNINNIYNIN




Taseamseeen 2 /48

4.1.1 Surface and Porosity
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4.1.2 Swelling Properties
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Effects of chitosan/hydroxyapatite composite scaffold on large bone defect healing in rabbits
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Introduction
Large bone defect due to non union is a serious problem in clinic include animal and human. The common causes of
bony defect include trauma, development deformities, tumor resection and diseases o) Many researchers have been studied
about bone substitute materials for promote bone healing. Hydroxyapatite is a most favorite material studied and become
commercial. Chitosan is a polymer that comes from the waste product of fishery industry. Chitosan and its derivatives have
been reported to have osteogenic activity and promote bone mineralization on artificially made bone defects in animal
models “*”. Porous chitosan structure can be formed by freezing and lyophilizing chitosan solutions in suitable molds. The

mechanical properties of chitosan scaffolds depend largely on the pore size and orientations @)
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Materials and Methods

Chitosan hydroxyapatite composite material was prepared by co - precipitation and lyophilizes techniques at
Chulalongkorn University. The rabbit 2.5 — 3.5 kg 20 male New Zealand White Rabbits were used in this study. The rabbits
were grouped to control (not repair for use as blank defect) and treatment (fill defect with hydroxyapatite/chitosan composite
material) group.

The rabbits were anesthetized with diazepam, ketamine and maintenance with isoflurance. enrofloxacin and
carpofen were given for infection and pain control. Fifteen millimeter unilateral ostectomy was done at mid shaft of left
radius. Periosteal of each fragments of radius was elevated 5 mm. The blank defects were remained in control group while
bone defects in treatment group were filled with hydroxyapatite/chitosan composite material. The rabbits were monitored for
clinical signs and bone healing by radial circumference, radiographic examination in every week after implant. The rabbits

were euthanized at 1 month and 3 months after surgery for CT scan and histopathologic examinations.

Results and Discussion

Physical examination of radial defect area after implant the chitosan hydroxyapatite composite shown mild swelling
and pain when compare with control in first month. Nevertheless, pain at the defect was relief after first month to not pain in
last month. In radiographic and CT results, some of rabbit’s radius had callus develop cross over the defect at 4 — 8 weeks. At
the end of experiment (12 weeks) 80% of radial defect healed completely in control group while only 20% of radial defect
healed completely in treatment group. In treatment group, mild callus developed at the defect areas that close to ulna bone. In
histopathologic result shown encapsulation of chitosan hydroxyapatite composite material with fibrous tissue, new bone
developed at the end of each fragments as endochondral ossification and found white blood cell include of mononuclear (MN)
and polymorphonuclear cell (PMN) in area of composite material. From all results shown that the chitosan hydroxyapatite
composite may cause of inflammation at the large bone defect due to delay callus development when compare with control
group. In an in vitro research show chitosan sponge had potential for use as bone substitute material because it can stimulate
osteoblast proliferation and differentiation ©) However, a property of chitosan is stimulate activity of phagocytic cell such as
macrophage and polymorphonuclear cell (PMN) especially neutrophil(z). In addition, chitosan has activity on antiangiogenesis
of chicken chorioallantoic membrane (CAM) and inhibit proliferation, migration and tube formation of human umbilical vein
endothelial cells (HUVECs) . From the affect of chitosan on antiangiogenesis and induce inflammation suggest that chitosan

may not appropriate to use as bone substitute material in clinic.
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Control Treatment
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Figure 1. The CT-scan of rabbit radial bone defects with and without chitosan/hydroxyapatite (Chi/HA) composite scaffold.
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- Safety test (Systemic injection test)
- Acute dermal irritation test

- SKin sensitization test



