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ABSTRACT

Introduction: Glass-ionomer cement is a bioactive material and it is potential to

increase the property of sustained protein release that lead to the development of new biological

approaches for tissue regeneration. Glass-ionomer cement incorporated with chitosan and bioactive

molecules might utilize as a model for controlling the release or sustained delivery of bioactive

molecules.

Objectives: The purposes of this study were to evaluate the biological properties of

transforming growth factor- 1 that released from chitosan modified glass-ionomer cement on human

dental pulp cells. The physical characteristic of the cements was investigated under SEM.

Materials and methods: Commercial glass-ionomer cement (G) (Lining cement,

GC®) has been modified by adding chitosan (C) 15% and bovine serum albumin (A) 10% by weight.

They were mixed thoroughly into the powder of G prior specimen preparation. One hundred nanograms

of transforming growth factor beta 1 (TGF- 1) were added in each tested specimen. Seven groups of the

specimens were prepared as follow: G-TGF, G-A, G-A-TGF, G-C, G-A-C, and G-A-C-TGF, where as a

conventional G was acted as a control. The specimens were tested with primary human dental pulp cells

cultured in the Transwell® and the other control groups were primary human dental pulp cells cultured

in -MEM pulp medium and in -MEM pulp medium supplemented with 1ng/ml TGF- 1 without

specimens. The biological properties of TGF- 1 released from chitosan modified glass-ionomer

cements were tested by MTT assay, alkaline phosphatase activity (ALP), and von Kossa staining.

Specimens were examined under scanning electron microscope (SEM). The MTT results were

statistically analyzed using one way ANOVA to compare the mean values among groups and a Tukey’s

test was performed to investigate the differences between groups significance level 0.05. The statistical

significance the differences between groups in ALP was determined with Student-Newman-Keuls test at

significance level 0.05.  Mineralized nodule area detected by von Kossa staining was expressed by

percentage of black stained area compared with total dish area.



Results: The cell viability of specimens showed no significant different between the G,

G-TGF, G-A, G-A-TGF, however, the G-C, G-A-C, and G-A-C-TGF showed more cytotoxic to human

dental pulp cells. The means of alkaline phosphatase activity in the G-TGF and G-A-C-TGF were the

highest, alkaline phosphatase activity of the G and G-A-TGF were no significant different, though there

was significant different from the G-A, G-C, and G-A-C. The percentage of mineralization nodule area

was reported respectively form the highest to the least, G-TGF (57.82%), G-A-C-TGF (44.49%), G

(39.67%), G-A-TGF (34.05%), G-A-C (26.34%), and G-A (25.72%). The fractures section SEM

micrographs of specimens after immersed in cultured medium for 21 days revealed some spherical

particles within the voids that possibly are globular proteins and chitosan fibers in the specimens.

Conclusion: The biological properties of TGF- 1 released from the incorporating of TGF-

1, chitosan, and BSA in glass-ionomer cements were not denatured by the matrix formation.
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1.  GI lining Cement GC corporation

100% fluoro-aluminosilicate glass

Lot No. 0701151

40% polyacrylic acid

Lot No. 0701091

2. Fluka, 80% deacetylation

545 kDa

Lot No.1138071

Steinhein

3.  bovine  serum  Sigma 66 kDa

pH 5.0-5.6  96% electrophoresis

Cat No. A8022

St Louis

4. 1 Recombinant Human TGF- 1 CHO

cells 25 kDa

Lot No. 0306S354

PeproTech Inc.

New Jersey

5. (3-(4,5-dimethylthaiazol-2-yl)-

    2,5-dimphenyltetrazolium bromide

Sigma Chemical Company

St.Louis

6. Dimethyl solfoxide (DMSO) Sigma Chemical Company

St.Louis

7. (N-(2-Hydroxyelthyl) piperazine-N’-

    (2-ethanesulfonic Acid)

    (HEPES)

Sigma Chemical Company

St.Louis

8. Glycine Sigma Chemical Company

St.Louis
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9. Reporter Lysis Buffer Promega Corporation

Lot No. 241534

10. BCA Protein assay kit  Pierce Biotechnology

Lot No. GJ98671

Rockford

11. Human Gesellschaft Für Biochemica und

Diagnostica mbH

Lot No.H080

Wiesbaden

12. Silver Nitrate (AgNO3) VWR International

Lot No. K36930038712

West Chester

13. Nuclear Fast Red Solution Sigma-Aldrich

Lot No. 087K4340

St.Louis

14.Transwell® 12 6 wells Corning Incorporated

0.4µm Polycarbonate membrane

Lot No. 08007033

15. 5 Sartorius MC 210s

Goettingen

16. MikRo 22R

17. Incubator Memmert

18. COULTER®ZTM
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19. Spectrophotometer

       MTT BCA

Titertek Multiscan Plus MK II

Flow Laboratories International

Helsinki

20. Spectrophotometer

      

 UV-1700 PhamaSpec

SHIMADZU

21. Transilluminater 312 nm ultraviolet Spectroline Model TS-312A

Spectronics corporation

22. sputter coate SPI-Module Sputter Coater

SPI Supplied Division of Structure Probe

West Chester

23.

      

JSM-5800 LV

JEOL

24. 3 Axioskop 40

Carl Zeiss MicroImaging GmbH

25. EvolutionTM LC Camera Kit version 4.5

Media Cybernetics Inc

Bethesda
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1. alpha modified of Eagle’s medium ( -MEM) Gibgo (Life Technologies)

Lot No. 416522

2. Fetal calf serum (FCS) 10, 15, 20% Seromed

Klosterneuburg

3. 100µm L-ascorbic acid 2-phosphate

    

    200µm L-ascorbic acid 2-phosphate

   von Kossa

Sigma Chemical Company

St.Louis

4. 2mM L-glutamine Gibgo (Life Technologies)

5. 100 unit/ml penicillin

    100 mg/ml streptomycin

Gibgo (Life Technologies)

Calsbad

6. Fungizone Gibgo (Life Technologies)

Calsbad

7. 10mM/l -glycerophosphate (Glycerol-2-phosphate

    disodium salt hydrate)

Sigma Chemical Company

St.Louis



3

1

1

 2

3 von Kossa 4

1. 

8

10  5

100

8

9  10

1 1 1

 1 (G-A-TGF)

 1 (G-A-TGF)

 (G-10A)

 1 (G-TGF) (G)

 1 (G-A-TGF)

(G-A-C)  (G-C)

 1 (G-A-C-TGF)

37



38

8

  

ANOVA table df Sum of squares Mean square F value P value*

Between groups

Within groups

Total

7

64

71

14993.456

9638.920

24632.376

2141.922

150.608

14.222 0.000

9

                  

Subset 1 Subset 2 Subset 3

1. G-A-C-TGF 58.31

2. G-C 62.27

3. G-A-C 62.45

4. G 72.17 72.17

5. G-TGF 74.88 74.88

6. G-A 75.27 75.27

7. G-A-TGF 90.08 90.08

8.10%FCS pulp medium with

   1ng/mlTGF

103.86

P-value .083 .055 .268
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 10 ( ) 5

1. G 9 72.17(11.21)b,c

2. G-TGF 9 74.88(12.74)b,c

3. G-A 9 75.27(17.17)b,c

4. G-A-TGF 9 90.08(10.47)a,b

5. G-C 9 62.27(4.95)c

6. G-A-C 9 62.45(12.39)c

7. G-A-C-TGF 9 58.31(17.08)c

8. 10%FCS pulp media with

    1ng/mlTGF

9 103.86(6.53)a

  

11 5

              

             

72.17 74.88 75.27

90.08

62.27 62.45 58.31

103.86

G            G-TGF         G-A         G-A-TGF        G-C         G-A-C   G-A-C-TGF  TGF-medium

        b,c              b,c              b,c              a,b         c            c                  c                 a
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2. 

  

11 12 10

1 1 1

10

 1 1

  

1 (G-TGF)

  1 (G-A-C-TGF) 2

(G)

1

(G-A-TGF)

 (G-A) (G-C)

(G-A-C) 3

10

3. von Kossa

-

 1

von Kossa

12 von Kossa

13

 1

 1 1 ( 72.94)

 1  ( 49.03)
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1

 G-TGF( 57.82) G-A-

C-TGF  ( 44.49)  G ( 39.67)   G-A-TGF ( 34.05) G-A-C ( 26.34) G-A (  25.72)

 11 ( )

( *

)

1. G 3 0.21(0)c

2. G-TGF 3 0.23(0)b

3. G-A 3 0.18(0)d

4. G-A-TGF 3 0.21(0.01)c

5. G-C 3 0.18(0.01)d

6. G-A-C 3 0.18(0.01)d

7. G-A-C-TGF 3 0.23(0)b

8. 10%FCS pulp medium 3 0.15(0.02)e

9. 10%FCS pulp medium with

    1ng/mlTGF

3 0.25(0)a

  

   (Student Newman- Keuls

   test)60 ( * 1  = 16.67 nmol p-nitrophenol/min)
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 12

Subset 1 Subset 2 Subset 3 Subset 4 Subset 5

1. 10%FCS pulp medium 0.153

2. G-A 0.1767

3. G-C 0.18

4. G-A-C 0.18

5. G 0.21

6. G-A-TGF 0.21

7. G-A-C-TGF 0.23

8. G-TGF 0.233

9. 10%FCS pulp medium

    with 1ng/mlTGF

0.25

p-value 1.000 0.872 1.000 0.623 1.000

13 von Kossa

1. G 39.67

2. G-TGF

3. G-A

57.82

25.72

4. G-A-TGF 34.05

5. G-A-C 26.34

6. G-A-C-TGF 44.49

7. 15% FCS odontogenic induction medium

8. 15% FCS odontogenic induction media with 1ng/mlTGF

49.03

72.94
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  A)      B)

   C)    D)

E)     F)

  G)    H)

12 5 von Kossa

  A): odontogenic inductive medium B): 1ng /ml TGF

  odontogenic inductive medium C):  G D): G- TGF E): G-A F): G-A-TGF G): G-A-C H):

  G-A-C-TGF (   100 )
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4.

G-

C-TGF  13

 1

2 (globule)

13

21 A)   B): G C)   D): G-TGF

1

A) B)

C) D)
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 13

21 E)  F):  G-A G)  H):  G-A-C  I)  J):  G-A-C-TGF

   

   1

E) F)

G) H)

I) J)
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 4

24

  

3

24

24   
51, 68

24 24

(G) (G-

A) 2

 1 (G-TGF)

 (G)  (G-

A) 1 5

 1 (G-A-TGF)  

 1 (G-A-TGF)

 ( 90.08)

1 (G-TGF ) (  74.88 )

 1  Murray 69

1
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1

 (G-C, G-A-C, G-A-C-TGF)

  
11, 56

von Kossa

14 21

1  (G-A-C-TGF)

1   1

(in vitro)

(in vivo)5, 45 70-73

Kawahara . . 197943

24

24

4

(pH 3)74, 75, 76  72

  

Kawahara

 (direct pulp capping)

2
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43 . . 1997 Kan

30
77

78

(III) (Fe3+)
43

5

(ppm) 48

40
79 2.5x10-4

20x10-4  (DNA) 80

. . 255159

69 -110

1

( 40 )

2.8-4.4

  

10

15

Kawahara 43
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81

82

Andersson . .1994
83 Delvin

. . 1998

82

71

72 5

5, 45  
45

45

(CFS)   

(Encephalopathy)
84, 85, 86

Ellis

50  100
87

(calcified nodules)

10

14

28
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1 1

  

(72.94%) 1
37  1

Shirakawa 88 . . 1994

 1 0.1

5

Nie
39 1 5

(G)

 1 (G-A-TGF)

1 (G-TGF)

1 (G-A- TGF)

 1  (G- TGF)

(G)

 1

 1

 1 69

 (stabilized)

(extended biological half lives)89, 90

 (G)  (G-A)

(G-A-C)  (G-C)

 1 (G-A-C-TGF)

 1

(G-A-C-TGF) (G)

(G–A) (G-A-C)

 1 (G-TGF)
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1

 1

37 1

(maturation)

(water balance)

15

1 100

Hu . . 1998

 1 0.5 37 . . 2549

20 1.5

1.19

1.5 0.2658

1 1 1

 1 1 1
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15

15 (Enzyme-linked immunosorbent assay: ELISA)

10

 (pores)

Murray . .1983

20  (ethylene vinyl acetate)

 (epidermal growth factor (EGF))

30 5

69  (66 ) 10

(carriers)

 1 25

10

0.2 64

1

7, 11
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Shouki  Edge

  

67

1

von Kossa

1

45

1, 2, 3

84

von Kossa

59

46, 92
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80, 84, 86, 93

  

 (encapsulation) 94

 Mutsunaga

215.6

8 (IL-8)  (inflammatory cytokine)

10

7
56

 (compressive strength)

(tensile strength)

 (biofilm)



 5

1

1. 1  1

 1  100

2. 5

15

3. 14 21

 1

1

4.

1

5. 1

6. 2
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