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3.1 Materials

3 .1 .1  M a ter ia ls  U s e d  for  F ilm  C a stin g
- P o ly (e -c a p r o la c to n e )  (P C L , M n =  8 0 ,0 0 0  g /m o l)  ะ A ld r ich
- Chloroform
- Tetrahydrofuran (THF)

ะ Lab-Scan (Asia)
ะ Burdick & Jackson

- Acetone ะ Lab-Scan (Asia)
- Ethanol
- Sodium hydroxide (NaOH)

3.1.2 Materials Used for Surface Modification

: Merck

- 1,6 -hexamethylenediamine (HMD) ะ Aldrich
- Isopropanol (IPA) ะ Burdick & Jackson
- A’A ’-disuccinimidyl carbonate (DSC) ะ Aldrich
- Dimethylsulfoxide (DMSO) ะ Lab-Scan (Asia)
- Triethylamine (TEA)
- Bovine serum albumin (BSA)
- Phosphate buffer saline (PBS)

ะ Sigma 
: Sigma 
ะ Gibco

- 1,4-dioxane ะ Fisher Sciencific
- Sodium dodecyl sulfate (SDS) 

3.1.3 Materials Used for Cell Culture
ะ Sigma

3.1.3.1 Model Cells
M o u se  c a lv a r ia -d er iv ed  p r e -o s te o b la s t ic  c e l l s  (M C 3 T 3 -E 1 )  

w e r e  u se d  a s  m o d e l c e lls .
3.1.3.2 MC3T3-E1 cells culture medium

M C 3 T 3 -E 1  c e l ls  w ere  cu ltu red  in  M in im u m  E sse n tia l  
M e d iu m  w ith  E a r le ’s B a la n c e d  S a lts  (M E M ; H y c lo n e , U S A ) , su p p le m e n te d  b y  10 %  
F eta l B o v in e  S eru m  (F B S ;  B io c h r o m  A g , G erm a n y ), 1 % L -g lu ta m in e  (In v itr o g e n  
C o rp ., U S A ) ,  and 1 % a n tib io tic  an d  a n tim y c o tic  fo r m u la t io n  (c o n ta in in g  p e n ic il l in  
G  S o d iu m , s tr e p to m y c in  su lfa te , an d  a m p h o p e r ic in  B  (In v itr o g e n  C o rp ., U S A ))
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3 . 1 . 3 . 3  C e l l  C u l t u r e  S t u d y

- Methylene Blue
- Ethanol : J. T. Beaker, USA
- Hydrochloric acid
- 3-(4,5-dimethyl-thiazol-2-yl)- ะ USB Corporation, USA 

2,5-diphenyltetrazolium bromide
(MTT)

- DMEM without phenol red
- Dimethylsulfoxide (DMSO)
- Trypsin-EDTA solution
- L-glutamine
- Fetal Bovine Serum
- Bicinchoninic acid protein assay

ะ GibThai Co., Ltd.

ะ GibThai Co., Ltd. 
ะ GibThai Co., Ltd. 
: Sorali, Brazil 
ะ Pierce, USA

(BCA)
- p-nitrophenylphosphate (PNPP)
- L-ascorbic acid
- (3-glycerophosphate
- Dexamethasone
- Cetylpyridinium chloride

Zymed Lab., USA 
Sigma, USA 
Sigma, USA 
Sigma, USA 
Sigma, USA

3.2 Equipments

3.2.1 Differential Scanning Calorimeter (DSC)
Differential scanning calorimeter (Perkin-Elmer; Model: DSC7) was 

used to determine the melting point of the films.
3.2.2 Contact Angle Measurements

Contact angle goniometer (KRUSS Gmbh Germany; Model: DSA10- 
Mk2TlC) was used for the measurement of water contact angles on the surfaces.

3.2.3 Attenuated Total Reflectance-Fourier Transform Infrared 
Spectrometer (ATR-FTIR)



25

Attenuated total reflectance-Founer transform infrared spectrometer 
(ATR-FTIR; Thermo Nicolet Nexus 670) was used to determine functional groups 
on the surfaces.

3.2.4 Scanning Electron Microscope (SEM)
Scanning electron microscope (SEM; A JEOL JSM 5410LV0) was 

used to investigate surface topography of the film.
3.2.5 Atomic Force Microscope (AFM)

Atomic Force Microscope (AFM; PARK; Model: XE-100) was used 
to examine the topography of PCL membrane.

3.2.6 UV-Visible Spectrophotometer
UV-Visible spectrophotometer (Thermospectronic Genesis 10) was 

used to determine the optical density of the samples in MTT assay.
3.2.7 X-Ray Diffractometer (XRD)

X-ray diffractometer was used to determine degree of crystallinity of
the films.

3.2.8 Microplate Reader
Microplate reader model Infinite 200 PRO NanoQuant Multimode 

Microplate Reader from Tecan AG was used to determine the optical density of 
samples in BCA assay.

3.3 Methodology

3.3.1 The Effect of Degree of Crystallinity to Protein Adsorption
3.3.1.1 Preparation o f Biodegradable Films

Polycaprolactone (PCL) film was prepared by dissolving 0.3 
g of PCL pellet in 5 mL chloroform then casted uniformly on a clean glass Petri Dish 
with 10 cm diameter. The solvent was evaporated for 24 h at room temperature. The 
6  % (w/v) translucent film was obtained.

3.3.1.2 Inducing Different Degree o f Crystallinity on The Films
The PCL films were annealed at 40 °c. The annealing time 

was varied to be 0 h, 1 h, 2 h, 3 h, 4 h, 5 h, 6  h, 12 h, and 24 h to create different 
degree of crystallinity.
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3.3.2 The Effect of PCL Surface Topography to Protein Adsorption
3.3.2.1 Preparation o f Polycaprolactone Films

Polycaprolactone (PCL) film was prepared by dissolving 0.3
g of PCL pellet in 5 mL solvent (i.e. chloroform, acetone, tetrahydrofiiran (THF), 
20:80 (v/v) ethanohTHF, 30:70 (v/v) ethanol :THF, and 40:60 (v/v) ethanoLTHF) 
then casted uniformly on a clean glass Petri Dish with 10 cm diameter. The solvent 
was evaporated for 24 h at room temperature. The 6  % (w/v) translucent film was 
obtained.

3.3.2.2 Surface Modification o f Polycaprolactone Film
The surface of PCL film can be modified by 2 methods: 

aminolysis and hydrolysis.
3.3.2.2.1 Surface Modification o f PCL Film via Aminolysis 

The PCL film was cut into a 1.5 cm-diameter circle
then immersed in ethanol/water (1:1 v/v) solution for 2-3 h to remove oil and dirt on 
the film surface. The clean film was washed with a lot of deionized water. The 
aminolysis was done by further immersed the film in 1.5 M 1,6- 
hexamethylenediamine (HMD)/isopropanol (IPA) solution for 8 h at 37°c. The 
aminolyzed film was rinsed with deionized water for 24 h at room temperature and 
vacuum dried at 30°c until it reached the constant weight.

3.3.2.2.2 Surface Modification o f PCL Film via Hydrolysis 
The PCL film was cut into a 1.5 cm-diameter circle

and soaked into 1M or 5 M NaOH solution for 3 h at room temperature. The film 
was washed with deionized water for 3 times then immersed in deionized water 
overnight to remove NaOH residue and vacuum dried at 30°c to the constant weight.

3.3.2.3 Activation o f The Amino Group on Aminolyzed Film
The amino groups on aminolyzed PCL film were activated by 

immersing the aminolyzed film in 0.1 M A/A’-disuccinimidyl carbonate 
(DSC)/dimethylsulfoxide (DMSO) solution with 0.1 M triethylmine for 1 h at room 
temperature. The activated aminolyzed PCL film was then rinsed with a large 
amount of deionized water.

3.3.2.4 Immobilization o f Bovine Serum Albumin
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T h e a c tiv a ted  a m in o ly z e d  f i lm  w a s  su b se q u e n tly  im m e r se d  in  
3 m g /m L  o f  b o v in e  seru m  a lb u m in  (B S A )/p h o sp h a te  b u ffer  sa l in e  (P B S )  so lu t io n  for  
2 4  h  a t ro o m  tem peratu re. T h e  b io m o le c u le - im m o b il iz e d  f ilm  w a s  so a k e d  in  
d e io n iz e d  w a ter  fo r  2 4  h  and  d ried  in  v a c u o  at ro o m  tem p eratu re.

3.4 Characterization

3 .4 .1  D iffe r e n tia l S c a n n in g  C a lo r im eter  (D S C )
D ifferen tia l sc a n n in g  c a lo r im eter  ca n  b e  u se d  to  d e term in e  h ea t  o f  

rea c tio n s  b y  the c o n tr o lle d  tem p era tu re  p ro file . T h e  tem p era tu re  c h a n g e  o f  a sa m p le  
w a s  co m p a red  to  that o f  th e  r e feren c e  m ateria l w ith  th e  sa m e  h ea tin g  p rog ram . T h e  
c h a n g e  in  p h y s ic a l sta te  or p h a se  o f  tran sition  c o u ld  b e  o b se r v e d . T h e  sa m p le s  w er e  
run fro m  10 °c to  120 °c at th e  rate o f  10 ° c /m in  in  N2 a tm o sp h ere .

3 .4 .2  C o n ta ct A n g le  M ea su rem en t
C o n ta ct a n g le  g o n io m e te r  (K R U S S  G m b h  G erm an y; M o d e l D S A 1 0 -  

M k 2 T lC )  w ith  a G ilm o n t sy r in g e  an d  a  2 4 -g u a g e  f la t-t ip p ed  n e e d le  w a s  u s e d  to  
e x a m in e  th e  w a ter  c o n ta c t  a n g le  o n  th e  su rfa ce  o f  th e  f i lm s  w h ic h  w o u ld  p r o v id e  th e  
in fo rm a tio n  o n  h y d ro p h o b ic ity  o f  th e  film . T h e  m ea su rem en t w a s  tak en  at ro o m  
tem p era tu re.

3 .4 .3  A tten u a ted  T o ta l R e f le c ta n c e -F o u r ie r  T ra n sfo rm  Infrared  
S p e c tro m eter  (A T R -F T IR )

A tte n u a ted  tota l r e f le c ta n c e -F o u r ie r  tran sfo rm  in frared  sp ec tr o m e te r  
(T h erm o  N ic o le t;  M o d e l:  N e x u s  6 7 0 )  w a s  u sed  to  d e term in e  th e  fu n c tio n a l g ro u p s  o n  
th e  su r fa ce  at th e  r e so lu tio n  o f  4  c m '1 for  128  sca n s .

3 .4 .4  S c a n n in g  E lec tro n  M ic r o sc o p e  (S E M )
T h e su r fa ce  to p o g r a p h y  o f  th e  f i lm  and  c e l l  m o r p h o lo g y  w e r e  

in v e s tig a te d  b y  sc a n n in g  e le c tr o n  m ic r o sc o p e  (S E M ) m o d e l JE O L  JS M  5 4 1 0 L  V . 
B e fo r e  u s in g  S E M , e a c h  sa m p le  w a s  p rep ared  b y  c o a t in g  w ith  a  th in  g o ld  la y e r  u s in g  
J E O L -J F C -1 1 0 0 E  io n  sp u tter in g  d e v ic e .
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3 .4 .5  A to m ic  F o rce  M ic r o s c o p e  (A F M )
A to m ic  F o rce  M ic r o s c o p e  (A F M ; P A R K ; M o d e l:  X E -1 0 0 )  w a s  u sed  

to  sc a n  th e su rfa ce  o f  P C L  m em b ra n e  o v e r  a  sa m p lin g  area o f  4 0  X 4 0  p m 2. T h e  
im a g e s  w e r e  m a d e  in  IC -A F M  m o d e . T h e  m ea su r e m e n ts  w e r e  p erfo rm ed  at 25°c at 
3 0 -4 0 %  r e la tiv e  h u m id ity  in  air.

3 .4 .6  U V -V is ib le  S p e c tr o p h o to m e te r
U V -V is ib le  sp e c tr o p h o to m e te r  (T h e r m o sp e c tr o n ic  G e n e s is  1 0 ) w a s  

u se d  to  d e term in e  th e  o p tica l d e n s ity  o f  the sa m p le s  at th e  w a v e le n g th  o f  5 7 0  n m  in  
M T T  a ssa y .

3 .4 .7  X -R a y  D iffr a c to m e te r  (X R D )
X -r a y  d iffr a c to m e te r  w a s  u se d  to  d eterm in e  d e g r e e  o f  c r y s ta llin ity  o f  

th e  f i lm s . In th e  x -r a y  sp ectru m , it  sh o w e d  a  b road  p eak  in d ic a tin g  th e  a m o rp h o u s  
r e g io n , and  th e sharp  p ea k s  o n  th e  broad p ea k  are re la ted  to  th e  c r y s ta llin e  reg io n . 
T h e  area  u n der c r y sta llin e  p e a k s  and  a m o rp h o u s p ea k  c a n  b e  u se d  to  d eterm in e  
d e g r e e  o f  cry sta llin ity .

1, . , _  , 1. .  A rea of c ry s ta llin e  p h ase  , , ,1 , ,%  C r y sta llin ity  =  — ___________7 7 7 ~ - - 7 — — — — — 7  1--------—------X 1 0 0  (3 .1 )Area of c ry s ta llin e  p h ase  + A rea o f am o rp h o u s  p h ase

3 .4 .8  P ro te in  A d so r p tio n  T est
T h e  p ro te in  o n  th e  su r fa ce  o f  p r o te in -a d so rb ed  f ilm s  w a s  d e ta ch ed  

fro m  th e  p o ly m e r  su r fa ce  b y  im m e r s in g  th e sa m p le  in  2  m L  o f  1% ( w /v )  so d iu m  
d o d e c y l su lfa te  ( S D S )  a q u e o u s  so lu t io n  for 3 0  m in . T h e  co n ce n tr a tio n  o f  p ro te in  
d is s o lv e d  in  S D S  so lu t io n  ca n  b e  d eterm in ed . T h e  p ro te in  a d so rp tio n  te st  w a s  carried  
o u t b a se d  o n  b ic in c h o n in ic  ac id  m e th o d  b y  u s in g  P ierce  B C A  p ro te in  a s s a y  k it. T h e  

S D S  s o lu t io n  w ith  d is so lv e d  p r o te in  o f  2 5  p L  w a s  p ip etted  in to  9 6 -w e l l  p la te . T h e  

B C A  w o r k in g  s o lu t io n  o f  2 0 0  p L  w a s  th en  p ip e tte d  in to  e a c h  w e l l .  T h e  m ix tu r e  o f  
p ro te in  in  S D S  so lu tio n  an d  B C A  w o r k in g  reag en t in  th e  p la te  w e r e  sh o o k  
th o r o u g h ly  o n  a  p la te  sh ak er  fo r  3 0  se c o n d s  in  ord er to  m ix  th e  so lu t io n  w e l l .  T h e  
p la te  w a s  c o v e r e d  an d  in cu b a ted  a t 6 0  °c for 3 0  m in . T h en , th e  p la te  w a s  c o o le d  to  
r o o m  tem p era tu re. M icro p la te  read er  m o d e l In fin ite  2 0 0  P R O  N a n o Q u a n t M u ltim o d e
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M ic r o p la te  R ea d er  from  T e c a n  A G  w a s  u se d  to  d e term in e  the o p t ic a l d e n s ity  o f  
s a m p le s  at th e  w a v e le n g th  o f  5 6 2  n m  in  B C A  assa y .
3.5 Biological Characterization

O ste o b la s t  c e l l  l in e s  (M C 3 T 3 -E 1 )  w a s  u sed  to  d eterm in e  th e  b io lo g ic a l  
r e sp o n se  o f  P C L  f ilm . T h e y  w e r e  cu ltu red  in  a -M E M  m ed iu m  w h ic h  w a s  ch a n g ed  
e v e r y  2  d a y s . T h e  cu ltu red  c e l l s  w er e  k ep t at 37°c u n der 5%  C O 2 .

3 .5 .1  C e ll C u ltu rin g
T h e  15 m m -d ia m ete r  c ircu lar  f ilm  s p e c im e n  w a s  p u t in to  2 4 -w e l l  

t is su e -c u ltu r e  p o ly s ty r e n e  p la te  (T C P S ). T h e  p la te  w a s  s te r iliz e d  w ith  70%  e th a n o l 
fo r  3 0  m in . T h e  sp e c im e n s  w e r e  w a sh e d  w ith  a u to c la v e d  d e io n iz e d  w a ter , P B S  and  
im m e r se d  in  S F M  o v ern ig h t. T h e  s p e c im e n s  w e r e  p r e sse d  w ith  a  m e ta l r in g  fo r  th e  
c o m p le te  c o n ta c t  b e tw e e n  th e  p la te  and th e  sp e c im e n s . T h e  M C 3 T 3 -E 1  c e l ls  w e r e  
tr y p s in iz e d  an d  c o u n ted  b y  a  h em a c y to m e te r . T h e  d e n s ity  o f  s e e d e d  c e l l s  o n  th e  
s p e c im e n  w a s  4 0 ,0 0 0  c e l l s /c m 2. T h e  w e l l  o f  T C P S  w ith o u t an y  s p e c im e n  w a s  u se d  a s  
a  co n tro l. T h e  cu ltu red  c e l l s  w e r e  kept at 3 7 ° c  u n der 5%  C O 2 .

3 .5 .2  D eter m in a tio n  o f  C y to to x ic ity
E a ch  o f  th e  n ea t P C L , a m in o ly z e d  P C L , B S A - im m o b il iz e d  P C L , and  

B S A -a d so r b e d  P C L  c a s t in g  fro m  d ifferen t so lv e n t  w e r e  d e term in ed  fo r  th e ir  in d irect  
c y to to x ic ity  an d  T C P S  w a s  u se d  as a  co n tro l. T h e  e x tra c tio n  m e d iu m  w a s  p rep ared  
b y  im m e r s in g  th e  sa m p le  in  2 4 -w e l l  p la te  c o n ta in in g  a  seru m -free  m e d iu m  (S F M )  
w h ic h  w a s  k ep t at 37°c u n d er 5%  C O 2  fo r  1, 3 and  7 d. 4 0 ,0 0 0  M C 3 T 3 -E 1  c e l l s /w e l l  
w e r e  sep a ra te ly  cu ltu re  in  a n o th er  2 4 -w e l l  p la te  for  1 d  to  a l lo w  c e l l s  to  a ttach  to  th e  
p la te . T h e  c e l l s  w e r e  th en  sta rved  w ith  S F M  fo r  an o th er  1 d . A fter  th e  sta rv a tio n , th e  
cu ltu re  m e d iu m  w a s  rep la ced  w ith  th e p rep ared  e x tra c tio n  m e d iu m . T h e  c e l l s  w e r e  
c u ltu red  in  th e  ex tra c tio n  m e d iu m  for 2 4  h  b e fo r e  th e  M T T  a ssa y  w a s  p er fo rm ed  to  
d ete r m in e  th e a m o u n t o f  v ia b le  c e lls .

3 .5 .3  C e ll A tta ch m en t and  P ro lifera tio n
F ilm s  w e r e  im m e r se d  in  S F M  o v e r n ig h t and  th en  S F M  w a s  r e m o v e d  

ou t. A fte r  w h ic h , 4 0 ,0 0 0  M C 3 T 3 - E lc e l ls  an d  0 .5  m L  o f  10%  M E M  w e r e  p ip e tted  
in to  e a c h  w e l l  that c o n ta in e d  th e  prep ared  f i lm  a s w e l l  a s  p ip e tted  in to  th e  e m p ty  
T C P S  to  b e  u se d  a s  a  c o n tro l. T h e  p la te  w a s  k ep t at 37°c u n der 5%  C O 2 . T h e  c e ll  
a d h e s io n  w a s  o b se r v e d  at 4 ,  16  and 2 4  h  o f  th e  c e l l  cu ltu re  t im e  a n d  th e  c e ll
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p ro lifer a tio n  w a s  o b se r v e d  at 1, 2  an d  3 d  o f  c e ll  cu ltu re  tim e . M T T  a ssa y  w a s  u se d  
to  d e term in e  th e n u m b er  o f  v ia b le  c e l l  and  S E M  w a s  u se d  to  s e e  th e  c e l l  
m o r p h o lo g y .

3 .5 .4  M T T  A s s a y
M T T  a ssa y  is  a q u an tita tive  a n a ly s is  to  d eterm in e  c e l l  v ia b ility . L iv in g  

c e l l s  are a b le  to  u se  th e  e n z y m e  c a lle d  su c c in a te  d e h y d r o g e n a se  in  mitochondria to  
react w ith  th e y e l lo w  M T T  reag en t, p ro d u c in g  p u rp le  fo rm a za n  p rod u ct w h o s e  
a m o u n t is  p rop o rtio n a l to  th e  n u m b er o f  v ia b le  c e ll . D im e th y ls u lfo x id e  (D M S O ) w a s  
u sed  to  d is s o lv e  th e  p u rp le  form azan  p rod u ct in s id e  c e l l  to  fin d  th e  a b so rb a n ce  at 5 7 0  
n m .

In ord er to  p erform  M T T  a ssa y , th e  cu ltu re  m e d iu m  w a s  r e m o v e d  o u t  
from  e a c h  w e l l  and  in cu b a ted  w ith  M T T  so lu t io n  at 3 7 ° c  for 3 0  m in  th en  th e M T T  

so lu t io n  w a s  re m o v e d  afterw ard s. A  b u ffe r  so lu t io n , c o n ta in in g  9 0 0  p L /w e ll  o f  

d im e th y lsu lfo x id e  (D M S O ) and 125  p L /w e ll  o f  g ly c in e  b u ffer  (p H  1 0 ), w a s  ad d ed  in  
e a c h  w e l l  to  d is s o lv e  p u rp le  form aza n  cry sta l. T h e  so lu t io n  w a s  sh a k e n  for  10 m in  
th en  f i l le d  in  the c u v e tte  and  p la c e d  in to  a  U V -V is  sp e c tr o p h o to m e te r  
(T h e r m o sp e c tr o n ic  G e n e s is  10 U V -V is ib le  sp e c tro p h o to m eter )  to  m easu re  th e  
a b so rb a n ce  at 5 7 0  n m . T h e  ab so rb a n ce  w a s  re la ted  to  th e  n u m b er o f  l iv in g  c e lls .

3 .5 .5  C e ll M o r p h o lo g ic a l O b se rv a tio n
T h e  c e l l  cu ltu re  m e d iu m  w a s  r e m o v e d  an d  th e  c e ll-c u ltu r e d  sa m p le s  

w e r e  r in se  w ith  P B S  tw ic e  b e fo r e  f ix in g  th e c e l l s  w ith  5 0 0  ( iL /w e ll  o f  3%  
g lu ta ra ld eh y d e  so lu t io n  (fr o m  th e d ilu t io n  o f  50%  g lu ta ra ld eh y d e  so lu t io n  u s in g  
P B S )  for  3 0  m in . T h e  c e ll-c u ltu r e d  sa m p le s  w e r e  r in sed  a g a in  w ith  P B S . A fte r  th e  
c e ll  f ix a t io n , a  se r ie s  o f  e th a n o l so lu t io n  ( i .e . 3 0 , 5 0 , 7 0 , 9 0  and  10 0 % , r e sp e c t iv e ly )  
w a s  u se d  to  d eh yd rate  th e  sa m p le s  for  2  m in  at e a c h  c o n cen tra tio n . T h e  sa m p le s  w e r e  
d ried  in  air. W h en  th e y  w e r e  c o m p le te ly  d r ied , th e  sa m p le s  w e r e  m o u n ted  o n  a n  
S E M  stu b  an d  co a ted  w ith  th in  la yer  o f  g o ld . T h e  o b se r v a tio n  o n  a  JE O L  JS M  5 2 0 0  
sc a n n in g  e le c tr o n  m ic r o sc o p e  (S E M ) w a s  d o n e  to  o b se r v e  th e  c e l l  m o r p h o lo g y .

3 .5 .6  M in era liza tio n
A liza r in  R e d -S  can  b e  u se d  to  id e n tify  c a lc iu m  in  th e  t is su e  in  w h ic h  

c a lc iu m  is  a b le  to  fo rm  a  c o m p le x  w ith  A liz a r in  r ed -s  in  c h e la tio n  p r o c e s s . M C 3 T 3 -
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E l  o f  4 0  0 0 0  c e l ls  w e r e  cu ltu red  o n  th e  sa m p le  fo r  21 d a y s to  o b se r v e  th e  p ro d u ctio n  
o f  m in era liza tio n . C e l ls  w er e  cu ltu red  in  10 % M E M  cu ltu re  m e d iu m  fo r  3 d a y s. 
A fte r  w h ic h , th e y  w e r e  cu ltu red  in  th e  n e w  cu ltu re  m ed iu m . T h e  n e w  cu ltu re  m e d iu m  
c o u ld  b e  p rep ared  fro m  10 % M E M  in  p r e se n c e  o f  1 p L /m l o f  a sco rb ic  a c id , 10  

p L /m l o f  ^ -g ly c e r o p h o sp h a te , and  1 p L /m l o f  d e x a m e th a z o n e . T h e  cu ltu re m e d iu m  
w a s  c h a n g e d  e v e r y  2  d a y s. T h e  1 %  A liz a r in  red -S  so lu t io n  w a s  p rep ared  from  
d is s o lv in g  A liz a r in  red  in  d is t ille d  w a ter  and  th e  p H  w a s  a d ju sted  to  4 .1 -4 .3  b y  10 %  
a m m o n iu m  h y d r o x id e . A fte r  21 d a y s , th e  c e l l s  w e r e  w a sh e d  tw ic e  w ith  a u to c la v e d  
P B S  an d  f ix e d  w ith  5 0 0  p L  o f  c o ld  m e th a n o l fo r  10 m in . T h e  c e l l s  w er e  th en  sta in ed  

w ith  3 7 0  p L /w e ll  o f  1 %  A liz a r in  red -S  so lu t io n  for  3 m in . T h e  A liz a r in  red -S  w a s  
r e m o v e d  and  th e  c e l l s  w e r e  w a sh e d  w ith  d is t ille d  w ater. A fte r  w h ic h , th ey  w e r e  d ried  
at ro o m  tem p era tu re. T h e  im a g e s  o f  th e  cu ltu re  w e r e  cap tu red . In  ord er to  ex tra c t th e  
sta in  o f  A liz a r in  r e d -S , th e  1 0 0 0  p L  o f  10 %  c e ty lp y r id in iu m  c h lo r id e  in  10  m M  
so d iu m  p h o sp h a te  w e r e  ad d ed  fo r  2 0  m in . T h e  o p tica l d e n s ity  c o u ld  b e  o b ta in e d  at 
th e  w a v e le n g th  o f  5 7 0  n m  b y  u s in g  U V - v is  sp ec tr o p h o to m e te r  (T h erm o  S p e c tr o n ic  
G e n e s is  10 ).

3.6 Statistical Analysis

A ll th e  resu lts  are e x p r e s se d  a s  a  m e a n  ±  standard d e v ia t io n  (S D ). A N O V A  
s in g le  fa c to r  a n a ly se s  w e r e  d o n e  and  th e  v a lu e s  o f  p  <  0 .0 5  w er e  c o n s id e r e d  
s ig n if ic a n t. E a ch  p ara m eter  w a s  rep ea ted  o n  3 sa m p le s  (ท = 3 ).
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