
  
 viii 

TABLE OF CONTENTS 
 
Content   Page 

 
ACKNOWLEDGEMENTS 
ABSTRACT 
LIST OF TABLES 
LIST OF ILLUSTRATIONS 
LIST OF ABBREVIATIONS 

iii 
iv 
x 

 xii 
 xiv 

CHAPTER   I  INTRODUCTION 1 
 Principles, theories and rationales 1 
 The objectives of the study 3 
 The hypotheses 4 
 Anticipated benefits 4 
 Scope of the study 

Glossary of terms 
5 
5 
 

CHAPTER  II  LITERATURE REVIEW 7 
 I.    The use of magnets in orthodontics  7 
 II.   The corrosion products released from the magnets 8 
 III.  The cytotoxic effect of corrosion products released from 

       the magnets 
 

9 
 IV.   In vitro cytotoxicity tests 10 
 V.    Apoptosis or programmed cell death 

VI.   Apoptosis detection systems 
VII.  Detection of apoptotic cells with the phosphatidylserine 
       (PS) on cell membrane 

12 
13 
 

16 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 ix 

Content  
                                                                                         
CHAPTER III  MATERIALS AND METHODS                                          

  Page 

 Materials      18 
 Methods 27 
                     Statistical analyses 
 
CHAPTER IV  RESULTS 

35 
 

36 
 Part I: The morphological analysis by propidium iodide and 

           fluorescence microscopy  
 

36 
 Part II: The flow cytometric analysis by FITC-conjugated  

           annexin V and propidium iodide assay 
 

 
42 
 
 

CHAPTER  V DISSCUSSION 
                        Part I: The morphological analysis by propidium iodide and 
                                   fluorescence microscopy 
                               Part II: The flow cytometric analysis by FITC-conjugated  
                                   annexin V and propidium iodide assay 
                                       Limitations of this investigation  
                        Suggestions for further study 
 
CHAPTER  VI CONCLUSION                                                             
 

53 
 

53 
 

54 
     59 

59 
 

61 

BIBLIOGRAPHY 
 

62 

APPENDIX 
 

69 

CIRRICULUM VITAE                                                                                   72       

   
    18 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 x 

LIST OF TABLES 
 
Table    Page 
  
3.1 The flow cytometer setup conditions for the cultured human gingival 
       epithelial cells 

 
30 

3.2  Apoptosis Inducing Agent 31 
4.1  The comparison of mean ranks of the percentages of the apoptosis 

(FITC-Annexin V positive/ PI negative) of the cultured human gingival 
epithelial cells by groups 

 
 

46 
4.2  The comparison of mean ranks of the percentages of the necrosis  

(FITC-Annexin V positive/ PI positive) of the cultured human gingival 
epithelial cells by groups 

 
 

47 
4.3 The comparisons of P-values from the percentages of apoptotic cells 
       between the control group (group 1) and the remaining experimental  
       groups (group 2, 3, 4, and 5)  

 
 

48 
4.4 The comparison of mean ranks of the percentages of the apoptototic 

cells  (FITC-Annexin V positive/ PI negative) between two different 
volumes of corrosion products 

 
 

49 
4.5 The comparison of mean ranks of the percentages of the dead cells  
       (apoptosis and necrosis) of the cultured human gingival epithelial cells  
       by groups 

 
 

50 
4.6 The comparisons of P-values of the percentages of dead cells 

(apoptosis and necrosis) of the cultured human gingival epithelial cells 
between the control group and the remaining experimental groups   

4.7 The comparison of mean ranks of the percentages of the dead cells 
       (apoptosis and necrosis) between two different volumes of corrosion  
       products 

 
 

51 
 
 

52 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xi 

Table                                                                                            
 
A.1 The data of the percentages of the normal viable, apoptotic, necrotic, 
      and dead (apoptotic and necrotic) gingival epithelial cells in the pre- 
      sence and absence of corrosion products released from commercial 
      magnets for 5 days of all five groups. 

Page 
 
 
 
 

70 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xii 

LIST OF ILLUSTRATIONS 
 
Figure Page 
  
3.1   The commercial magnets 18 
3.2   Chemical reagents for cell culture 20 
3.3   The annexin V-FITC apoptosis detection Kit 20 
3.4   A plastic culture flask (25 cm2) and a culture dish (6 cm in diameter) 21 
3.5   A rubber policeman 22 
3.6   The flow cytometer 23 
3.7   The phase contrast microscope 24 
3.8   The fluorescence microscope 24 
3.9   The CO2 incubator 25 
3.10 The lamina flow biological cabinet  25 
3.11 The desk-top high speed centrifuge 26 
3.12 The cytospin 26 
3.13 The dot plot diagram of FITC-Annexin V/ PI flow cytometry of 
        untreated control cultured human gingival epithelial cells after 

incubated in a 5% CO2-95% air, fully humidified atmosphere at 370C 
for 5 days  

 
 
 

29 
4.1 Fluorescence microscopy appearance of methanol-fixed and PI-

stained nuclei of cultured human gingival epithelial cells after 5 days 
incubation in KGM alone (control group 1) 

 
 

37 
4.2 Fluorescence microscopy appearance of methanol-fixed and PI- 

Stained nuclei of cultured human gingival epithelial cells after being 
induced to undergo apoptosis by 0.5 mM H2O2 for 10 h (positive 
control group 2) 

 
 
 

38 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xiii 

Figure Page 
 

4.3   Fluorescence microscopy appearance of methanol-fixed and PI-  
        stained nuclei of cultured human gingival epithelial cells after being  
        incubated in 50 µl of 0.9%  NaCl containing maximum corrosion  
        products released from commercial magnets for 5 days (experimental 
        group 3)   
4.4   Fluorescence microscopy appearance of methanol-fixed and PI-  
        stained nuclei of cultured human gingival epithelial cells after being  
        incubated in 500 µl of 0.9%  NaCl containing maximum corrosion  
        products released from commercial magnets for 5 days (experimental 
        group 4) 
4.5   Fluorescence microscopy appearance of methanol-fixed and PI-  
        stained nuclei of cultured human gingival epithelial cells after being  
        incubated in 0.9%  NaCl alone for 5 days (control solution group 5) 
4.6   A contour diagram of FITC- Annexin V/PI flow cytometry of cultured 

  human gingival epithelial cells treated with H2O2, untreated  
  control cells, cell treated  with 0.9% NaCL alone, and cells treated with 
  50 or 500 µl of 0.9% NaCL containing maximum corrosion product  
  released from commercial magnets  

4.7   A box plot graph of the percentages of normal viable, apoptotic, and 
  necrotic gingival epithelial cells in all five groups  

 
  

 
 
 
 

39 
 
 
 

 
40 
 
 

41 
 
 
 
 

43 
 

45 ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xiv 

LIST OF ABBREVIATIONS 
 
An V  Annexin V 
Amps  
∝ 

Amplitudes 
Alpha (The level of significance) 

bp  
BPE  
Ca 2+  
Cm 
CM  
CO2   
CP 
DMEM  
DMSO 
DNA  
EDTA  
EGF  
Exp  
FACS 
FBS  
FCM  
FITC 
FL  
FSC 
H2O2  
ISO  
h  
kb  

base pair 
Bovine pituitary extract 
Calcium ions 
Centimeter 
Commercial magnets 
Carbon dioxide 
Corrosion products 
Dulbecco’s modified eagle medium 
Dimethylsulfoxide 
Deoxyribonucleic acid   
Ethylenediaminotetraacetic acid 
Epidermal growth factor 
Experiment  
Fluorescence-activated cell sorting 
Fetal bovine serum 
Flow cytometry 
Fluorescein isothiocyanate 
Fluorescence dye 
Forward scatter 
Hydrogen peroxide 
International standard organization  
Hour 
Kilobase 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xv 

KGM  
LD 
LSC  
min 

Keratinocyte growth medium 
Lethal dose 
Laser-scanning cytometry 
Minute 

mM  Milimolar 
ml  Milliliter 
PBS  
PI  

Phosphate-buffered saline 
Propidium iodide 

32P-labeled  
PS  

32Phosphorus labeled 
Phosphatidylserine 

0 C  Degree celsius 
ROI  
rpm  
SDS 

Reactive oxygen intermediates 
Round per minute  
Sodium dodecyl sulfate 

SERCA 
SSC 
TdT  
TUNEL 
 

Sarco-endoplasmic reticulum calcium pump 
Side scatter 
Terminal deoxynucleotidyl transferase 
TdT-mediated dUTP nick-end labeling 
 

  
  
  

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



  
 xiv 

  
  

  
 
 
 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


