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ABSTRACT

4372017063: Polymer Science Program
Panya Wongpanit: Preparation and Characterization of Microwave- 
Treated Carboxymethyl Chitin and Microwave-Treated 
Carboxymethyl Chitosan Films for Possible Use in Wound Care 
Applications.
Thesis Advisors: Asst. Prof. Ratana Rujiravanit and Prof. Seiichi 
Tokura, 76 pp. ISBN 974-993-718-10

Keywords: Carboxymethyl chitin/Carboxymethyl chitosan/Microwave/
Crosslinking/Cytotoxicity

Carboxymethyl chitin (CM-chitin) and carboxymethyl chitosan (CM- 
chitosan) films were successfully crosslinked by microwave treatment. Crosslinking 
of the microwave-treated CM-chitin films involved mainly the carboxylate and the 
secondary alcohol groups, W'hile crosslinking of microwave-treated CM-chitosan 
films involved the carboxylate and the amino groups. In addition, the crystallinity of 
CM-chitin increased with increasing microwave treatment time, whereas the increase 
in the crystallinity of the microwave-treated CM-chitosan films was not observed. At 
a similar percentage of weight loss, the crosslinking of either CM-chitin or CM- 
chitosan films by microwave treatment required much less stringent condition when 
compared with the crosslinking by autoclave treatment. Based on both direct and 
indirect cytotoxicity assays, the cytotoxicity of the microwave treated CM-chitin 
films was negative, while that of the microwave-treated CM-chitosan films was 
positive. Human fibroblast cells adhered on the surface of microwave-treated CM- 
chitosan films much better than on the surface of microwave-treated CM-chitin
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บ ท ค ั ด ย ่ อ

ปีญญา วงศ์พานิช: การเตรียมและวิเคราะห์คุณสมบัติของคาร์บอกซีฌลทิวไคตินและ 
คาร์บอกซีเมลทิวไคโตซานฟิล์มท่ีผ่านการให้ความร้อนด้วยเคร่ืองไมโครเวฟเพ่ือศึกษาความ
เป็นไปได้ในการน่ามาใช้เป็ใ เผลิตกัณฑ์'.พ่ิอกาวรักษาบาดแผล (Preparation and
characterization of microwave-treated carboxymethyl chitin and microwave-treated 
carboxymethyl chitosan films for possible use in wound care applications) อ. ทีปรึกษา
: ผศ.ดร. รัตนา รุจิรวนิช และ ศ.ดร. เชอจิ โทะคุระ 76 หน้า ISBN 974-993-718-10

ซีเอ็มไคตินและซีเอ็มไคโตชานสามารถเช่ือมโยงได้ด้วยการผ่านความร้อนด้วยเคร่ือง 
ไมโครเวฟ การเช่ือมโยงของชีเอ็มไคตินเกิดจากหมู่ไฮดรอกซีและหมู่คาร์บอกซีเลท ในขณะท่ี 
ซีเอ็มไคโตซานเกิดจากหมู่อะมิโนกับหมู่คาร์บอกซีเลท เปอร์เซ็นต์การเสียน้ัาหนักและการบวมตัว 
ในน้ําของซีเอ็มไคตินและซีเอ็มไคโตซานฟิล์มลดลงเม่ืออุณหภูมิและเวลาในการอบฟิล์มด้วย 
ไมโครเวฟนานข้ึน และยังพบอีกว่า ปริมาณผลึกของซีเอ็มไคตินน้ันเพ่ิมข้ึนตามเวลาในการผ่าน 
ความร้อนท่ีนานขึน แต่ในกรณีของซีเอ็มไคโตซาน ไม่สามารถสังเกตการเพ่ิมขึนทางความเป็น
ผลึกได้อย่างชัดเจน ท่ีค่ไเปอร์เซ็นต์การเสียน้ัาหนักเท่ากัน เคร่ืองไมโครเวฟใช้เวลาในการให้ความ 
ร้อนกับฟิล์มต่ํากว่าเคร่ืองอบความร้อนสูงด้วยไอน้ัา ผลจากการทดสอบความเป็นพิษต่อเชลล์ท้ัง 
แบบทางตรงและทางอ้อม ซีเอ็มไคตินหลังจากผ่านการให้ความร้อนด้วยไมโครเวฟไม่พบว่าเป็น 
พิษต่อเซลล์ แต่กรณีของซีเอ็มไคโตซานท่ีผ่านการให้ความร้อนด้วยไมโครเวฟพบว่ามีความเป็น 
พิษต่อเชลล์ เซลล์สามารถเกาะลงบนผิวของซีเอ็มไคโตซานท่ีผ่านการให้ความร้อนด้วยไมโครเวฟ 
ได้ดีกว่าซีเอ็มไคตินท่ีผ่านความร้อนด้วยไมโครเวฟท่ีสภาวะเดียวกัน



V

A C K N O W L E D G E M E N T S

This work would not have been possible without the assistance of the 
following individuals.

First of all, the author is deeply indebted to Asst. Prof. Ratana Rujiravanit, 
her thesis advisor, for providing useful recommendations, creative comments, and 
encouragement throughout the course of her work. The author also would like to 
express my thanks to Prof. Seichi Tokura for his invaluable suggestion and criticism.

The author would like to thank Assoc. Prof. Prasit Pavasant and Asst. Prof. 
Pitt Supaphol for their kind advice and for being on the thesis committee.

The author is grateful for the partial scholarship and partial funding of the 
thesis work provided by Postgraduate Education and Research Programs in Petroleum 
and Petrochemical Technology (PPT Consortium).

This work was also supported by a Master Research Grants program from 
Thailand Research Fund (TRF-MAG). Special thanks to Surapon Food Public 
Company for their support of shrimp shells, the raw material used throughout this 
work.

Finally, the author would like to take this opportunity to thank PPC Ph.D. 
students and all her PPC friends for their friendly assistance, cheerfulness, creative 
suggestions, and encouragement. The author had the most enjoyable time working 
with all of them. Also, the author is greatly indebted to her parents and her family for 
their support, love and understanding.



T A B L E  O F  C O N T E N T S

PA G E

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables ix
List of Figures xi

C H A P T E R  P A G E

I IN T R O D U C T IO N  1

1.1 Theontical Background 3
1.1.1 Wound Dressing 3
1.1.2 Skin Grafting 5
1.1.3 Tissue Engineering 7

II B A C K G R O U N D  A N D  L IT E R A T U R E  S U R V E Y  10

2.1 Microwave 10
2.2 Carboxymethyl Chitin 10
2.3 Carboxymethyl Chitosan 12
2.4 Scaffold 15

III E X P E R I M E N T A L  ■ 18

3.1 Materials 18
3.2 Equipment 18
3.3 Methodology 20



vil

C H A P T E R  P A G E

3.3.1 Preparation of Chitin, Chitosan, CM-chitin,
and CM-chitosan 20
3.3.1.1 Preparation of Chitin 20
3.3.1.2 Preparation of Chitosan 20
3.3.1.3 Preparation of CM-chitin 20
3.3.1.4 Preparation of CM-chitosan 21

3.3.2 Characterization of Chitin, Chitosan, CM-chitin,
and CM-chitosan 21
3.3.2.1 Degree of Deacetylation of Chitin and

Chitosan 21
3.3.2.2 Degree of Substitution of CM-chitin and

CM-chitosan 22
3.3.2.3 Viscosity-Average Molecular Weight

of Chitosan and CM-chitin 22
3.3.3 Sample Preparation and Microwave Treatment 23
3.3.4 Characterization of Microwave-Treated Films 23

3.3.4.1 Weight Loss and Degree of Swelling 23
3.3.5 Cell Culture Studies 24

3.3.5.1 Preparation of Chitin, Chitosan, and 
Microwave-Treated CM-chitin, and 
Microwave-Treated CM-chitosan Films
for Cell Culture Studies 24

3.3.5.2 Cells and Cell Culture » 25
3.3.5.3 Cytotoxicity Tests 25
3.3.5.4 Cell adhesion Tests 26
3.3.5.5 MTT and BCA Tests 26

IV  R E S U L T S  A N D  D IS C U S S IO N  28
4.1 Characterization of CM-chitin and CM-chitosan 28
4.2 Crosslinking of CM-chitin and CM-chitosan Films 30



V111

C H A P T E R  P A G E

4.3 Characterization of Microwave-Treated CM-chitin
and CM-chitosan Films 35

4.4 Comparison Between Effectiveness of Microwave
and Autoclave in Crosslinking CM-chitin and 
CM-chitosan Films 42

4.5 Cell Culture Studies 45
4.5.1 Cytotoxicity Tests 45
4.5.2 Cell adhesion Tests 48

V  C O N C L U S IO N S  51

R E F E R E N C E S  52

A P P E N D IC E S  57
Append ix  A  Effects of microwave exposure time and 

temperature on the %WL and DS of 
CM-chitin and CM-chtiosan 57

Append ix  B  Effects of autoclve exposure times on the
%WL and DS of CM-chitin and CM-chtiosan 
at 120 °c 65

Append ix  c  Viscosity-average molecular weight of CM-chitin 67
Append ix  D Cytotoxicity of microwave-treated CM-chitin and

* CM-chitosan 69
Append ix  E  Adhesion of fibroblasts on microwave-treated

CM-chitin and CM-chitosan films 74

C U R R I C U L U M  V IT A E 76



IX

L IS T  O F  T A B L E S

T A B L E PA G E

1.1 Commercial products and experimental models. 7

»



XI

L IS T  O F  F IG U R E S

F IG U R E  P A G E

1.1 Schematic representation of the tissue engineering approach.
Specific cell populations are harvested from the appropriate tissue 
and seeded on a biodegradable polymer scaffold. The cell /polymer 
constructs may undergo a period of dynamic tissue culture in
a bioreactor prior to implantation. Organized structural and
functional tissues may be produced in this way 8

4.1 FTIR spectra of (a) chitin film, (b) CM-chitin Na salt film and
(c) CM-chitin films. 28

4.2 FTIR spectra of (a) chitosan film, (b) CM-chitosan Na salt film and
(c) CM-chitosan films. 28

4.3 DSC thermograms of (a) chitin, (b) CM-chitin, (c) chitosan and
(d) CM-chitosan films. 29

4.4 Percentage of weight loss of (A) microwave-treated CM-chitin and
(B) microwave-treated CM-chitosan films as a function of treatment 
temperature and time. The measurements were carried out after 
submersion in distilled water for 48 h at room temperature. 31

4.5 Degree of swelling of (A) microwave-treated CM-chitin
and (B) microwave-treated CM-chitosan films as a function of
treatment temperature and time. The measurements were carried
out after submersion in distilled water for 48 h at room temperature. 32 *

4.6 (A) Percentage of weight loss and (B) Degree of swelling of ( o )  

microwave-treated CM-chitin and (•) microwave-treated 
CM-chitosan films as a function of treatment temperature.
The films were microwave-treated for a fixed treatment time of
50 min. The measurements were carried out after submersion
in distilled water for 48 hours at room temperature. 33



FIG U R E PAGE

4.7 FTIR spectra over the wavenumber range of (A) 4000 to 400 cm"1 and 
(B) 1740 to 1430 cm"1 of microwave-treated CM-chitin films prepared 
at the treatment temperature of 110 °c for various treatment time 
intervals of (a) 0, (b) 5, (c) 10, (d) 20, (e) 30, (f) 50 and (g) 70 min. 35

4.8 FTIR spectra over the wavenumber range of (A) 4000 to 400 cm"1 and 
(B) 1740 to 1430 cm"1 of microwave-treated CM-chitosan films prepared 
at the treatment temperature of 110 °c for various treatment time 
intervals of (a) 0, (b) 5, (c) 10, (d) 20, (e) 30, (f) 50 and (g) 70 min. 36

4.9 XRD patterns of (A) microwave-treated CM-chitin and (B) microwave- 
treated CM-chitosan films prepared at the treatment temperature of
110 °c for various treatment time intervals as indicated. 38

4.10 SEM images of (A) CM-chitin film, (B) CM-chitosan film, microwave- 
treated CM-chitin films (C) before and (D) after removal of soluble 
materials, and microwave-treated CM-chitosan films (E) before and
(F) after removal of soluble materials. 40

4.11 Percentage of weight loss of (A) CM-chitin and (B) CM-chitosan 
films after ( ♦  ) microwave or (0) autoclave treatment at the treatment 
temperature of 120°c for various treatment time intervals.
The measurements were carried out after submersion in distilled
water for 48 hours at room temperature. 42

4.12 Number of living cells after chitin, microwave-treated 
CM-chitin, ctiitosan, and microwave-treated GM-chitosan films 
were deposited over NHGF confluence for a period of either
24 or 48 hours. 43

4.13 Number of living cells after cultured with extraction medium of 
varying concentration for a period of 24 hour for (A) microwave- 
treated CM-chitin and (B) microwave-treated CM-chitosan films. 44



Xlll

F IG U R E

4.14 Total amount of protein synthesis of living NHGF cells 
after chitin, microwave-treated CM-chitin, chitosan, 
microwave-treated CM-chitosan films were deposited
over NHGF confluence for a period of either 24 or 48 hours.

4.15 Adhesion of NHGF cells on chitin, microwave-treated 
CM-chitin, chitosan, and microwave-treated CM-chitosan films 
after cell culture for either 1 or 2 hours.

P A G E

46

47


	Cover (English)

	Accepted

	Abstract (English)

	Abstract (Thai)

	Acknowledgements

	Contents


