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APPENDIX A

List of chemicals and materials used in the study 

All chemicals and reagents used in this study are analytical grades and are listed as 

follows: 

Chemicals      Source

96-well ELISA-plate (Nunc®, Maxisorb) Nunc, Denmark 

Absolute ethanol Merck, Darmstadt, Germany  

Agarose gel Vivantis, UK. 

Alcian blue Sigma-Aldrich, St. Louis, MO, US  

Anti-mouse mAnti-type II collagen antibody Abcam, USA. 

Boric acid Sigma-Aldrich, St. Louis, MO, USA. 

Bovine serum albumin Sigma-Aldrich, St. Louis, MO, USA. 

Carbazole reagent Sigma-Aldrich, St. Louis, MO, USA.

Chondroitinase ABC  Sigma-Aldrich, USA. 

Collagenase Calbiochem, USA. 

DAB substrate Sigma-Aldrich, St. Louis, MO, USA. 

 Dexamethasone Sigma, Poole, UK. 

Dimethyl sulfoxide (DMSO) Sigma-Aldrich, St. Louis, MO, USA. 

Dulbecco’s Modified Eagle’s medium   

(DMEM) Gibco, UK. 

Ethidium bromide Bio-Rad Laboratories, USA. 
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Gentamycin T.P. drug laboratories (1996) co.ltd,

Thailand 

Glacial acetic acid Merck, Darmstadt, Germany 

Glutaraldehyde, 30% (w/v) Merck, Darmstadt, Germany 

Glycerol Sigma-Aldrich, St. Louis, MO, USA. 

HEPES Promega, Corp., Madison, WI, USA.  

Hydrochloric acid Merck, Darmstadt, Germany 

Hydrogen peroxide Merck, Darmstadt, Germany  

Millipore filter membrane (0.22 um) Pall corporation, MI, USA. 

Millipore filter membrane (0.45 um) Pall corporation, MI, USA. 

synthesis kit Fermentas, Canada, USA. 

Sodium bicarbonate Merck, Darmstadt, Germany 

Sodium chloride Merck, Darmstadt, Germany  

Sodium hydrogen phosphate (NaH2PO4) Merck, Darmstadt, Germany 

Sodium tetraborate (borax) Merck, Darmstadt, Germany 

Sulfuric acid Merck, Darmstadt, Germany 

Tissue culture flask Greiner bio-one, Germany 

Tris(hyroxymethyl) amino-methane Sigma-Aldrich, St. Louis, MO, USA. 

Trypsin Gibco, UK. 

Tween-20 Amersham Bioscience 

Whatman filter paper Whatman, USA.  

-mercaptoethanol Bio-Rad Laboratories, USA. 



APPENDIX B 

List of instrument used in the study 

Instrument              Source

Analytical balance (HK160) Mettler Instrument , Switzerland 

Autoclave S4-240 Tomy Seiko Co.Ltd., Japan 

CO2 incubator Nu-Air, USA 

Gel Doc Bio-Rad Laboratory, USA. 

ELISA plate reader Thermo scientific, USA.

High speed refrigerated micro centrifuge ALC 4239R centrifuge, ALC srl, 

Milano,Italy

Hot air oven Heraeus, Germany 

Laminar flow Faster, Italy 

Light  microscope (CHK-H) Olympus, Japan  

Microcentrifuge (Microcen13) Herolab, Germany

pH meter (SevenEasy) Mettler Toledo, USA. 

Ultracentrifuge Beckman Coulter, USA. 

Vortex mixer (Vortex-Genie) Scientific industry, USA. 

Thermal cycler Bio-Rad Laboratory, USA. 



APPENDIX C 

Reagent and buffers preparation 

1. Reagent for cell culture 

1.1 DMEM medium 

DMEM power      13.5   g 

 HEPES        3.57 g 

 NaHCO3        3,7 g 

 Antibiotics (Penicillin-streptomycin)     10 ml 

 Add distilled water to 1 liter and adjust pH to 7.4 and sterile by Millipore filter  

      membrane (0.22 m).   

2. Reagent for ELISA 

    2.1 Phosphate buffer saline (PBS)  

NaCl   8.00 g 

KCl   0.20 g 

Na2HPO4   1.44 g 

Na2PO4   0.24 g 

All reagents were dissolved in distilled water and made up volume to 1 L. 

2.2 Tris Incubation buffer

BSA  1.0 g 

Tween-20   1.0 ml 

NaCl  8.77 g 
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Tris-HCl  1.21 g 

All reagents were dissolved in 900 ml of distilled water, adjust pH to 7.4 and made up 

volume to 1 L. Stored at 4oC.

2.3 Citrate phosphate buffer 

 Citric acid monohydrate 10.30 g 

Na2HPO4.3H2O  18.16 g 

All reagents were dissolved in 900 ml of distilled water, adjusted pH to 5.0 and made 

up volume to 1 L. Stored reagent at 4oC.

      2.4 Substrate solution

OPD   8 mg 

Citrate phosphate buffer 12 ml 

30% H2O2    5 L

Prepare reagent fresh for 1 plate; keep in dark before use. 

3. Reagent for enzyme digestion 

    3.1  Chondroitinase ABC buffer 

 0.5 M Tris-HCl, pH 8.0 and 0.06 M CH3COONa 

5. Carbazole Assay 

Stock solution of glucuronic acid ( 40 g/ml) 

Reagent A: 0.025 M Na2B4O7 in Conc. H2SO4

Reagent B: Carbazole 50 mg in 40 ml Absolute ethanol 
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Working solution for standard curve

Glucuronic acid ( g) DDI water ( L) Glucuronic acid ( L)

0 60 0 

0.48 48 12 

1.0 35 25 

1.5 22.5 37.5 

2.0 10 50 

2.4 0 60 



APPENDIX D 

Oral presentation and published the proceeding
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Abstract

Introduction: Transforming growth factor-beta (TGF- ) is a growth factor that commonly 

used in cartilage tissue engineering to stimulate synthesis of cartilage matrix biomolecules in 

chondrocytes such as aggrecan and type II collagen. HA is one of cartilage molecules which plays 

important role in tissue formation and growth. Nevertheless, effect of TGF- 1 on hyaluronan 

synthase-2 (HAS-2) dependent hyaluronan (HA) synthesis in equine chondrocytes has not been 

reported.

Objective: To study effect of TGF- 1 on HAS-2 gene expression and HA synthesis in equine 

chondrocytes.

Method: The primary equine chondrocytes were prepared from cartilage of carpal join, and 

were cultivated in DMEM supplemented with 10%FCS and TGF- 1 (0, 2.5, 5.0, 10.0 ng/ml) for 3-7 

days. Cell proliferation was evaluated using the Alamar blue assays and HA level in the cultured 

medium was analyzed by ELISA technique. For study HAS-2 gene expression , cells were treated 

with 2.5 ng/ml of TGF- 1 at 0, 3, 6, 9, 15, 24, 36 and 48 hrs, then the total RNA was extracted and the 

level of HAS-2 gene expression was evaluated using semi-quantitative RT-PCR.

Result: TGF- 1 significantly enhanced HAS-2 gene expression and HA synthesis in dose-dependent 

manner. Expression of HAS-2 gene was found highest at the third hour of stimulation, whereas cell 

proliferation was not affected.  

 Conclusion: TGF- 1 stimulated HAS-2 expression in cultured equine chondrocytes and 

increased HA synthesis, which may involve in development of cartilage tissue. Thus, it’s useful for 

applied in cartilage tissue engineering. 

Keyword: equine chondrocytes, TGF- 1, hyaluronan synthase-2, HA 

Growth factor 

 transforming growth factor-beta (TGF- )  growth factor 

 (cell proliferation), 

differentiation, ,  (Gordon KJ 

and Blobe GC, 2008)  TGF-  3 isotypes  TGF- 1, TGF- 2

TGF- 3 (Iqbal J, Dudhia J, Bird JL and Bayliss MT, 2000.)  TGF-

 TGF- 1  TGF- 1

proteoglycan  (Lee MC
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et. al., 2000)  (synovial membrane fibroblasts) 

 (human skin fibroblast)  TGF- 1

 hyaluronan synthase-2 (HAS-2)  (Little CB, Ghosh P and Rose R,1997; Rossdale PD, 

Hopes R, Digby NJ and offord K, 1985)  hyaluronan synthase 

HA  HAS-2 

 HAS-1  HAS-3 

 HAS-2 

HA  glycosaminoglycan  2  N-acetyl-D-

glucosamine (GlcNAc)  D-glucuronate (GlcA)  HA 

 HA 

 HA  hyaluronan synthase 

 hyaluronan synthase  3  HAS-1, HAS-2  HAS-3  hyaluronan synthase 

 HA 

 HA  receptor  HA  CD 44  HA 

 (Ratcliffe A, 1996) 

 HA  (Inoue M, 

Katakami C,1993)  (Turley EA, 1992) 

 HA  embryonic mesenchymal stem cell 

(Toole BP, 2001; Kujawa MJ and Caplan AI, 1986)  HA 

 TGF- 1  HAS-2 

 TGF- 1  hyaluronan 

synthase-2 (HAS-2)  HA 

 hyaluronan synthase-2 (HAS-2)  hyaluronan 

synthase  HA  HA 

 TGF- 1  HAS-2 
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 (carpal joints)  Phosphate buffer solution 

(PBS) 2  extracellular matrix  (type I collagenase) 

2.5 mg/ml 

Dulbecco’s modified Eagle’s medium (DMEM)  10% FCS (fetal calf serum)

 TGF- 1  HAS-2 

 (12,000 cells/cm2)  10% FCS 

 80%  FCS 

 24  TGF- 1  (0, 2.5, 5.0, 10.0 ng/ml) 

 0-48  mRNA  Semi-

quantitative RT-PCR  HA 

 HA  TGF- 1

 (0, 2.5, 5.0, 10.0 ng/ml)  (12,000 cells/cm2)

10% FCS  48  10% FCS  TGF- 1

(0, 2.5, 5.0, 10.0 ng/ml)  3  HA  DNA content

 HA (Enzyme-linked immunosorbent assay for HA)

 microtiter plates (Maxisorp, Nunc)  umbilical cord HA (100 l/well)

coating buffer  4 oC  block  1% (w/v) BSA 

 1  plate  PBS-Tween 3 

 HA (Healon: 39.06-10,000 ng/ml)  B-HABPs (biotin-HA binding 

proteins)  1:1  plates 1

plate  PBS-Tween 3  peroxidase-mouse monoclonal anti-biotin 1

 plate  PBS-Tween 3  peroxidase substrate  15  4 M 

H2SO4  492/690 nm 

Genesis software   
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 semi-quantitative RT-PCR (reverse transcription-polymerase 

chain reaction)

 RNA  RNA  first strand cDNA

polymerase chain reaction (PCR)  primers HAS-2 (5’-

AGAGAAGTCATGTACACGGCCTTC-3’  5’-GGTCTGCTGGTTTAAC-CATCTGAG-3’)  GAPDH 

(5’-TGGTATCGTGGAAGGACTCAT-3’  5’-GTGGGTGTCGCTGTT-GAAGTC-3’) 

 house-keeping gene GAPDH (glyceraldehydes-3-phosphate dehydrogenase)

 (cell proliferation) 

 (5,000 cells/cm2)  10% FCS  TGF- 1

 (0, 2.5, 5.0, 10.0 ng/ml)  ( ,  4  7) 

 10%  4  37 oC

 540  630 

 TGF- 1  HA 

TGF- 1  0, 2.5, 5.0  10.0 ng/ml  3  TGF- 1  HA 

dose-dependent manner  (  1 )

 1:  HA (ng/ml/ g DNA) 

TGF- 1 (0, 2.5, 5.0, 10.0 ng/ml)  3  (*  control  P<0.05,

Error bar=SD, n=3)  
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 HAS-2  TGF- 1  0, 2.5, 

5.0  10.0 ng/ml  3  HAS-2 

 TGF- 1 10.0 ng/ml (  2 )

               

 2:  mRNA  HAS-2  TGF- 1 (0, 2.5, 5.0, 

10.0 ng/ml)  3  (*  control  P<0.05, Error bar=SD, 

n=3)

 HAS-2  0, 3, 6, 9, 15, 24, 36  48 

 TGF- 1 2.5 ng/ml  HAS-2 

 TGF- 1  3  9   (  3)  HA 

 HA  TGF- 1  control (  4 ) 
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 3:  mRNA  HAS-2  TGF- 1 2.5 ng/ml 

 0, 3, 6, 9, 15, 24, 36  48  (*  control  P<0.05, ** 

 control  P<0.01, Error bar=SD, n=3) 

 4:  HA (ng/ml)  TGF- 1 2.5 ng/ml 

0, 3, 6, 9, 15, 24, 36  48  (ng/ml/ g DNA) (*  control 

 P<0.05, Error bar=SD, n=3) 

 TGF- 1

 TGF- 1  0, 2.5, 5.0  10.0 ng/ml  4  7 TGF- 1
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 4  7  control (  5 ) 

 HA  HA  TGF-

1  7 (  6 ) 

 5:  TGF- 1 (0, 2.5, 5.0, 10.0 

ng/ml)  0, 4  7  alamar blue (*  control 

P<0.05, Error bar=SD, n=3) 

 6:  HA (ng/ml)  TGF- 1 (0, 2.5, 5.0, 10.0 

ng/ml)  4  7 (*  control  P<0.05, ** 

 control  P<0.01, Error bar=SD, n=3) 
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 HA 

 exogenous HA 

 glycosaminoglycan chondroitin sulfate  (Kawasaki K, 1999) 

 proteoglycan  (Frean SP, Abraham LA and Lees P, 

1999)  HA  TGF- 1

 TGF- 1  3  HA 

 control  dose-dependent manner 

 TGF- 1  HAS-2  hyaluronan 

synthase  HA  TGF- 1 10.0 ng/ml 

 HAS-2  HA 

 HAS-2  TGF- 1

 HAS-2  TGF- 1

 control  HAS-2  3 

 9  HAS-2 

 TGF- 1  6  (Tanimoto K, et al. 2004.)  mRNA 

 HAS-2  HA 

 mRNA  HAS-2 

 hyaluronan synthase  HAS-2 mRNA 

 HA  HAS-2 mRNA 

 HA 

 TGF- 1  TGF- 1

 4  7  control 

 HA  TGF- 1  HA 

 TGF- 1  HAS-2  HA 

 TGF- 1  TGF- 1  perichondrial 

 TGF- 1  perichondrial (Lee MC, et al. 2000) 

 TGF-

 TGF- 1  HAS-2  HA 

 control
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