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The objective of this research was to determine the appropriate condition of the
electrospinning process of the silk Bombyx mori to produce silk fibroin nanofibers by using
formic acid as a solvent. The concentrations of silk fibroin solution and the applied voltages
were varied from 15 to 30 kv and 42 to 52 % wiv, respectively. The morphology of
electrospun silk fibroin nanofibers was determined by scanning electron microscopy (SEM).
The appropriate condition of electrospinning process that could generate the nanofibers
withouit the presence of beads were 25 kv and S0%wiv, respectively. The thermal properties
and the structural characteristics of electrospun silk fibroin nanofibers were investigated
through thermogravimetry analysis (TGA) and Fourier transform infrared spectroscopy
(FTIR), respectively. The electrospun silk fibroin nanofibers exhibited mass loss over a
termperature range of 270 to 370 °C and had the //-sheet conformation. In aadition, two types
of scaffolds, electrospun fibrous mats and films, were fabricated for the Schwann cells
culture. Biological response of the cells towards the scaffolds was tested by observing the
cytotoxicity, the attachment, and the proliferation of Schwann cells that were seeded on the
scaffolds. The MTT solution or 3-(4,5-dimethyithiazolyl-2)-2, 5-diphenyitetrazolium
bromidk) was used to quantify the viahility of the cells. The Schwann cell morphology on the
scaffolds was examined by SEM. The dbtained resuilts indicated the fibrous mat scaffold
promoted better growth of Schwann cells than the film did, although Schwann cells could not
maintain their phenotypes on the fibrous scaffold. These data suggested that the electrospun
silk fibroin fibers could be more further studied and developed to be a preferable scaffold
for Schwann cell culture.

Department of Materials Science Student’s signature. Sbt‘.%}i\. Laksanes r‘l)?\‘-".’

Field of study Applied Polymer Science and Textile Technology Advisor’s signature <47z

Academic year 2005 Co-Advisor’s signature..[ R



Vi

ACKNOWLEDGEMENTS

First, [ would like to express greatest gratituce to my advisor, Assistant Professor
Dr. Duangdao Aht-ong, and co-advisor Associate Professor Dr. Pitt Supaphol, not only
for their advice, assistance and generous encouragement, but also for kindly reviewing
throughout this thesis.

| would also like to express deep appreciation to Associate Professor Saowaroj
Chuayjuljit, Associate Professor Paipam Santisuk, and Associate Professor Dr. Khemchal
Hemachandra for serving as the chairman and members of my thesis committee,
respectively, including valuable suggestions and comments.

The appreciation is also extended to Program of Applied Polymer Science and
Textile Technology, Department of Materials Science, Faculty of Science,
Chulalongkom University for all lecturers and staffs to fulfill this ~ dy.

In addition, | am specially thankful to the Petroleum and Petrochemical College
including the Faculty of Medicine, Chulalongkom University for provision of
experimental facilities.

Finally, 1 would like to extend special appreciation to all of my friends and
my family for their endless support and love throughout my life. Thanks also to
my classmates, every student in Applied Polymer Science and Textile Technology
Program.



CONTENTS

PAGE
ABSTRACT (IN THAI..cc.csvvvsrvrssrssssssssssmssssmssssssssssssssssssssssssssssssssssssrsnes v
ABSTRACT (INENGLISH).......occccvrvvsssvrmssssmssmssmssssssssssssssssssssssssssssssssssssns v
ACKNOWLEDGEMENTS....oocvevvvvsrsssssssssssssssssssssssssssssssssssssssssssssssssssssenns Vi
CONTENTS ..o revvrsvrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses Vii
LIST OF FIGURES.......coccvvvvvsrvvsssssmssmssssssssssssssssssssssssssssssssssssssssssssssssssssnsnes IX
LIST OF TABLES......c.ccouvrvvvsvrmssmsmsmssssmssssssssssmssssssssssssssssssssssssssssssssssssssnes X
CHAPTER|  INTRODUCTION....cc.couurrvmmsrvmmssssmsssssssssssssssmssssssssssssssssssssssnes 1
CHAPTERH THEORY AND LITERATURE REVIEW......ccoocmsrvrrsvrrssrrnn 3
2.1 Biodegradable scaffold for tissue engingering..........uu.vvvesrevesne 3
2.1.1 TISSUE BNGINGEIING.....vvvvvssrrsrmsssssssmsssssssssssssssssssssssssssees 3
2.1.2 EngIneering MAterials...........ccuumvvvmsvrrsssnsssssssnssessnens 4
2.1.3 Biodegradable SCAffolds..........cvmmrvvmmrmsrmsmrrmssrisssssnnns 5
2.1.4 Fabrication of biodegradable Scaffolds.............vwwerrrrsrrnn 6
2.2 Electrospinning teCANIGUE. ....cccvvvvvssvvrmssrsrssssmsssssssssssssssssssssssssnens 8
2.3 SUKWOIM SIK...vvvvvviccvvvnsssvsnssinmssessssnsssssssnsssssssssssssenss
2.4 SCOWANN CIL..vvvvvsvvrccrinssnssessssnsssssssssssssssssssssssssssssssssens 17
241 NEPVOUS SYSEBM.....ccvvvvivvmmrmsrseresssssssssssssssssssssssssssssssssnees 17
CHAPTERM  EXPERIMENT.......occcoimmmmmmmsmsmssmsmssssssssssssssssssssssssssssnes 22
31 Materials a8 a0 s 0luian IM S8 S ereessssssesssssssens 22
3.2 EXperimental details...........c.cowuvivvmssisrmsssinssmssssnsssssssnssssssssssens 24
3.2.1 Preparation of silk fibroin SOIULION..........vvvevvvvvrssvssenssenn 24
3.2.2 Preparation of electrospun silk fibroin fibers..............u... 24
3.2.3 Preparation of silk fibroin SCaffolds............ccvwerrvvverssrrrrns 24
3.2.4 Schwann cell culture and seeding on silk fibroin scaffold 25
3.24.1 Quantification of viable cells (MTT assay)....... 26
3.2.4.2 Cytotoxicity tests between Schwann cells and
the SCAFOLUS. ..o 26
3.24.3 Schwann cell attachment and proliferation....... 21

3.2.5 Preparation of the scaffolds coating for SEM............c.ccrrvn 2

10



PAGE
KR 041 T 112 L 28
3.3.1 Thermogravimetric Analysis (TGA).......ccccvrrsmvrersssrenn 28
3.3.2 Fourier Transform Infrared Spectroscopy (FTIR)........... 28
3.3.3 Scanning Electron Microscopy (SEM)........vvvevvvvessreens 28
K Y 29
34.1 EXperimental SUMMAIY......occvvvvsumssmmsssssssssssssssssssssen 29
3.4.2 Scaffold faDrICAtIONS.......ccc.vvvvvvsrvrsrersserrsnessiensen 30
3.4.3 Cytotoxicity tests between Schwann cells and the
1] [0 3l
3.4.4 Schwann cell attachment and proliferation.................. 3
CHAPTER IV RESULTS AND DISCUSSION.....ooccvvvssrvvssrsrssssssssssssssssssens 33
4.1 Morphology and microstructure of electrospun silk fibroin fibers 33
4.2 Thermogravimetry analysis of electrospun silk fibroin fibers....... 3
4.3 Infrared analysis of electrospun silk fioroin fioers.............ewwuee. 39
A4 CYLOLOXICILY TESES...vvvrvvmrsivrrvsrvrmssssesmssnssssssssssssnssssssssssssnssnns 40
4.5 Schwann cell attachment and proliferation..............wervvmennens 43
CHAPTERV  CONCLUSION. ...cc.ccuusrvmmssssemsmrrmssrsnsen 49
REFERENCES......ooocoivsssivnsnnnssssssssssssssssssssssssssisssssssssssssssssssssssssssssnns ol
APPENDICES.....c.ccovvvvviisssassssssssssmssssssssssssssrississssssssssssssssssssssssssssssssnes 55
APPENDIX A....oovrevvsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 56
APPENDIX B....ovosvvvvsrvrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 64



FIGURE

21
2.2
2.3
24
2.5
2.6
41

42

43
44

45

4.6

LIST OF FIGURES

The schematic of electrospinning SYStEM......ovvvvvvmssrvvsssrmsssssresssen
Structure of a raw SilK flAMENE........occccvvvevvrsrvrssnvrssmsssssrsssenn
The crystalline structure of the polypeptide chains insilk fibroin...
The pyramidal cell - A COMMON NBUFON.......cccccomvsvvrrrnsrrsressssrsnns
An axon coated With myelin ShEath...........ccccvverrvremssmssmssssrssenssnns
Formation and structure of myelin SEath.............vvvvervvvsssrvrsssresns
SEM micrographs of electrospun silk fibroin fibers obtained with
the different applied voltages ranging from 15t0 30k v...............

Thermogravimetric analytical curve of electrospun silk  fibroin
10116 SO VA0 - - SN VOO,

ATR-FTIR spectrum of electrospun silkfibroin fibers..............c....

Viability of Schwann cells (A) Indirect and (B) direct cytotoxicity
evaluation of control, silk fibroin fibrous mat, and as - cast silk
fIDrOIN fIlM SCAFTOIC............oooeovveee e ssseessseerssseesssess e ssssseens

Viability of Schwann cell attachment on control, silk fibroin
fibrous mat, and as-cast silk fibroin film scaffold.................c.......

Viability of Schwann cell proliferation on control, silk fibroin
fibrous mat, and as-cast silk fibroin film scaffold...............ccccccceeern.

PAGE

45



TABLE

21
2.2

31

3.2

3.3
41

4.2

43

44

45

LIST OF TABLES

The composition of amino acid in silk fiber (%).............

Comparison of mechanical properties of silks (silkworm) to
several types of biomaterial fibers and tissues commonly used

Chemical reagents and suppliers used for preparation of

electrospun SilK fIOroin fIDBKS.........ooccvvvvvecvvrsssssessssssssssnsssnss

Chemical reagents and suppliers used for preparation of

SCOWANN CBII CUIEUTE. ... veseesseessesssssssseesssessssssssssas

Instruments used forcharaCterization...........ooovrvereersrsmesssessssseneness

SEM micrographs and average fiber diameter of electrospun
silk fibroin fibers from silk fibroin solutions with the
concentration ranging from 4210 52% WIV.......cccceeevvvrssinn

The uv absorbance both of indiect and direct cytotoxicity

tests on the various types Of SUDSLIALES...........vvvervvvrsssssssssssrnsnn

The UV absorbance of Schwann cell attachment on the

VArioUS tYPES OF SUDSLTAIES...vvvvvvvsesrvrrsssvvssssrsssssssssssssssssssssssssnens

The UV ahsorbance of Schwann cell proliferation on the

VArious types Of SUDSTALES........cc.vvvesrvvrsssnssmsssmsssssssssssssssssssssnss

The SEM images of Schwann cell cultured on the control,
film and fibrous mat at the different times in culture................

PAGE
14

22

23
23

34

42

45

46

47



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



