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ABSTRACT

Cell encapsulation is a micro technology widely applied in cell and tissue engineering,
tissue transplantation and regenerative medicine. Various techniques had been
developed for microencapsulation of cells but these techniques presented threat to the
cells due to the harsh or chemical treatment applied. In this research, a simple and
economic electronic aerosol atomisation system was proposed for producing calcium
alginate microcapsules. The system was developed with the incorporation of a
conventional syringe pump, a customised air pump and motor controller circuits. The
microcapsules and 3D microtissues were biophysically characterised. For the output of
the system, the microcapsules size slightly increased with the extrusion rates and
decreased significantly with the airflow rates. At an extrusion rate of 20 pi/min and
airflow rate of 0.3 I/min, microcapsules with a diameter ranging from 220 - 270 pm
were generated. The polymerisation time for the microcapsules was approximately 10
minutes after the immersion in calcium chloride solutions. The microcapsules showed
high porous surface structure in field emission-scanning electron microscopy (FE-SEM)
imaging. Keratinocytes (HaCaT) and Oral Squamous Cell Carcinoma (ORL-48) cells at
cell densities of 3 x 10" and 9 x 107 cells/ml, respectively were applied for encapsulation
and successfully grew into microtissues after 16 days of culture. The fourier transform
infrared (FTIR) spectroscopy of the 3D cells showed stretching in phosphate bond of
Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA) backbone, lipid and protein.
The cells of HaCaT and ORL-48 microtissues were viable and they were characterised
by different nucleus size. Replating experiment demonstrated that the cells in the
microtissues could spread and proliferate in the culture dish. The electronic aerosol
atomisation system developed in this work has successfully produced microcapsules
with controllable size and applicable for growing microtissues. The microtissues

produced are potentially a useful cell model for the study of cytochemicals.
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ABSTRAK

Pengkapsulan sel adalah teknologi mikro digunakan secara meluas dalam bidang
penyelidikan sel dan tisu, pemindahan tisu dan perubatan regeneratif. Pelbagai teknik
telah dibangun untuk menghasilkan kapsul mikro untuk membalut sel tetapi memberi
ancaman kepada sel disebabkan layanan kasar atau kimia semasa proses pengkapsulan.
Dalam kajian ini, sistem pengabusan aerosol elektronik yang mudah dan ekonomi telah
dicadang untuk menghasilkan kapsul mikro kalsium alginat. Sistem ini dibangunkan
dengan penggabungan pam picagari konvensional, pam udara dan litar pengawal motor.
Kapsul mikro dan tisu mikro telah dicirikan. Bagi output sistem, saiz kapsul mikro
menunjukkan sedikit peningkatan dengan kadar penyemperitan dan menurun nyata
sekali dengan kadar aliran udara. Pada 20 pd/min kadar penyemperitan dan 0.3 I/min
kadar aliran udara, kapsul mikro dengan diameter 220 - 270 pm telah dihasilkan. Masa
jangkaan polimerisasi kapsul mikro adalah 10 minit selepas rendam dalam larutan
kalsium klorida. Kapsul mikro menunjukkan struktur permukaan yang berliang tinggi
dalam pengimejan mikroskopi elektron imbasan-emisi medan (FE-SEM). Sel
keratinocytes (HaCaT) dan Oral Squamous Cell Carcinoma (ORL-48) pada kepadatan 3
x 10" dan 9 x 107 sel/ml telah digunakan untuk pengkapsulan dan berjaya tumbuh
menjadi tisu mikro selepas 16 hari kultur. Inframerah transformasi Fourier (FTIR) bagi
sel 3D menunjukkan peregangan ikatan fosfat dalam tulang belakang asid
deoksibonukleik (DNA) dan asid ribonukleik (RNA), lipid dan protein. Sel tisu mikro
HaCaT dan ORL-48 hidup tetapi menunjukkan perbezaan dalam saiz nukleus.
Eksperimen pemplatan semula menunjukkan bahawa sel-sel dalam tisu mikro boleh
mengasingkan diri dan proliferat dalam bekas kultur. Sistem pengabusan aerosol
elektronik dihasil dalam kerja ini berjaya menghasilkan saiz kapsul mikro yang boleh
dikawal dan dapat digunakan untuk menumbuh tisu mikro. Tisu mikro yang dihasilkan

adalah berpotensi untuk dijadikan model sel yang berguna untuk kajian sitokimia.
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