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ABSTRACT

4972029063:  Polymer Science Program
Sasipim Sutthiphong: Electrospun Poly( 1,4-butylene succinate)
extended with 1,6-diisocyanatohexane Fiber mats and their Potential
Use as Bone Scaffolds.
Thesis Advisor: Assoc. Prof. Pitt Supaphol 60 pp.
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Ultrafine Poly(butylene succinate) extended with 1,6-diisocyanatohexane
(PBSu-DCH) fibers were successfully fabricated by electrospinning from 22% PBSU-
DCH dissolved in 90:10 dichloromethane / trifluoroacetic acid co-solvent system.The
effects of processing parameters including, solution concentration, applied electric
field, and collecting distance on morphological appearance and size of as-spun- fibers
were evaluated. Indirect cytotoxicity evaluation of the electrospun fiber mats of PBS
based on human osteoblasts (Sa0S-2) and mouse fibroblasts (L929) revealed that the
as-spun mats did not release substances detrimental to the cells. The potential use of
the as-spun PBS fiber mats as bone scaffolding materials was evaluated in vitro with
human osteoblasts (Sa0S-2) in terms of hiocompatibility, cell- attachment, cell
proliferation, and alkaline phosphatase (ALP) activity of the cells that were cultured
directly on the scaffolds. The results were compared with those on solvent-cast film
scaffolds and tissue-culture polystyrene plate (TCPS). It was found that the as-spun
PBSU-DCH scaffolds promoted much better adhesion and proliferation of the cells
than the solvent-cast film scaffolds and TCPS. Scanning electron microscopy (SEM)
images confirm that the phenotype of Sa0S-2 was maintained during the cell culture.
Interestingly, the cells that were cultured on the fibrous scaffolds exhibited the
expanded shape with discrete branches on their surface after only about 1 hr in
culture, while those cultured on the film scaffolds and glass substrate were still
round. This evidence implies the possibility of using the as-spun PBSU-DCH fiber
mats as bone scaffolds.



(Electrospun Poly(l,4-butylene
succinate)extended with 1,6-diisocyanatohexane Fiber mats and their Potential Use
as Bone Scaffolds) . S 60

2
9010
(S305-2)
(L929)
(S2052)

(TCPS)

(S305-2)



ACKNOWLEDGEMENTS

The author would like to express her sincere gratefulness to her advisor,
Assoc. Prof. Pitt Supaphol, for his guidance, useful advices, kind and constructive
criticism, inspiration and great encouragement throughout this thesis.

The author would like to give her thankfulness to Assoc. Prof. Prasit
Pavasant, Asst. Prof. Chidchanok Meechaisue, and Dr. Damrong Damrongsri for
being as her thesis committees and giving her the useful comments and suggestions.
Highly gratitude goes to Assoc. Prof. Prasit Pavasant for his kindness in giving her
valuable theoretical and technical knowledge in cell culture and providing her the
instruments and the convenient laboratory room.

This thesis work is partially funded by the National Excellence center. The
author would like to thank the Petroleum and Petrochemical College (PPC),
Chulalorigkom University where the author have gained the precious knowledge in
the Polymer Science program and the author greatly appreciates all faculty and staff
members who have tendered knowledge and favourableness for her. The author also
appreciates for the support and suggestions from all of her friends at the PPC and at
Department of Anatomy, Faculty of Dentistry, Chulalongkom University.

Last and most of all, the author would like to express her deep grateful to her
parents, and brother for their love, understanding, caring and supporting her at all
times.



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) i
Abstract (in Thai) v
Acknowledgements v
Table of Contents Vi
List of Tables Vil
List of Figures IX
CHAPTER
| INTRODUCTION 1
Il LITERATURE REVIEW 4
lIl EXPERIMENTAL 13
31 Electrospinning of PBSU-DCH Fiber Mats

3.1.1 Materials and Preparation and Characterization of

Spinning Solutions 13
3.1.2 Electrospinning and Characterization of as-spun

Fiber Mats 13
3.2 Cell Culture Studies 16
321 Cell Culture and Cell Seeding 16
3.2.2 Indirect Cytotoxicity Evaluation 16
3.2.3 Cell Attachment and Proliferation 17
3.2.4 Quantification of viable cells (MTT assay) 17
3.2.5 Morphological Observation of CulturedCells 18

3.2.6 Production of Characteristic Protein of Cultured Cells 18



CHAPTER

W

3.3 Statistic Analysis

RESULTS AND DISCUSSION

vil

PAGE

19

20

4.1 Preparation and Characterization of as-spun PBSu-DCH fibers

4.1.1 Effect of polymer concentration on the morphology

of as-spun fibers

4.1.2 Effect of collection distance and applied electrical

potential on the morphology of as-spun fibers

4.2 Mechanical and Physical Characteristics of the as-spun

PBSu-DCH fibers

4.3 Thermal Characteristics of the as-spun PBSu-DCH fibers

4.4 Cell Study
44.1 Indirect Cytotoxicity Evaluation
4.4.2 Cell Attachment and Proliferation
4.4.3 Alkaling phosphatase (ALP) activity

CONCLUSIONS
REFERENCES

APPENDICES

Appendix A Polymer Solution Properties

Appendix B Average Fiber Diameter of Electrospun
PBSU-DCH Fibers

Appendix ¢ Mechanical and Physical Characteristics

Appendix D Thermal Characteristics

Appendix E  Cell Studies

CURRICULUM VITAE

20

2

23
25
21
21
28
3l

36

3

44
44

45
46
ol
54

60



TABLE

LIST OF TABLES

41  SEMimages of the as-spun PBSu-DCH fibers from 22% wiv

4.2

43

44

45

46

PBSU-DCH in dichloromethane/trifluoroacetic acid (90/10)
at various applied electrical potential (kV/) and collection
distance (cm)

Mechanical characteristic of the as-Spun PBSU-DCH fiber
mats of about 120 pm thick as well as those of solution-cast
films of PBSu-DCH

Thermal characteristics of the electrospun fiber mats and
solution-cast film of PBSu-DCH as well as those of the as-
received pellets of PBSu-DCH

Selected SEM images of Sa0S-2 cultured on fibrous
scaffolds of PBSu-DCH as a function of time in culture
Selected SEM images of Sa0S-2 cultured on film scaffolds
of PBSU-DCH as a function of time in culture

Selected SEM images of Sa0S-2 cultured on glass substrates
as a function oftime in culture

VIl

PAGE

23

24

26

32

33

34



LIST OF FIGURES

FIGURE

21 Aschematic drawing of the electrospinning apparatus

2.2 Electrospinning jet in electrospinning process

31 The electrospinning apparatus utilized in the production of
ultrafine fibers

41  Selected SEM images (scale bar = 1pm and magnification =
2000x) illustrating the effect of solution concentration on
morphology of PBSu-DCH fibers that were electrospun from
PBSU-DCH solutions in dichloromethane/trifluoroacetic acid
(90/10) at various concentrations.

42  Selected SEM images of PBSu-DCH fibers electrospun from
22% PBSU-DCH solution in dichloromethaneltrifluoroacetic
acid (90/10) at the applied electrical potential of 17 kv and a
collection distance of 20 ¢cm

43 Indirect cytotoxicity evaluation of film and fibrous PBSu-
DCH scaffolds hased on viability of human osteablasts
(Sa0S-2) and mouse fibroblasts (L929)

4.4 Attachment and proliferation of Sa0S-2 on TCPS, and film
and fibrous PBSu-DCH scaffolds as a function oftime in
culture

45  Attachment of Sa0S-2 on TCPS, and film and fibrous PBSu-
DCH scaffolds as a function of time in culture

46  Proliferation of Sa0S-2 on TCPS, and film and fibrous
PBSu-DCH scaffolds as a function of time in culture

4.7 ALP activity of Sa0S-2 cultured on TCPS and film and

fibrous PBSU-DCH scaffolds after 3, 5, and 10 days in
culture

PAGE

14

il

2

21

28

29

30

3



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



