
CHAPTER III

EXPERIMENTAL

3.1 Materials
1. Acetic acid
2. Acrylic acid (AA)
3. Chitosan (MW=15,000, 83,000)

4. Collagen marine

5. Collagen type I from calf skin acid
6. Collagen type IV from human placenta
7. 1 -(3 -Dimethylaminopropyl)-3 -ethy lcarbodiimide 

hydrochloride (EDCI)
8. 3-(4,5-Dimethyl-thiazol-2-yl)-2,5-diphenyl 

tétrazolium bromide (MTT)
9. Dimethylsulfoxide (DMSO)
10. N, V ’-disuccinimidyl carbonate (DSC)
11. Dulbecco’s phosphate-buffered saline (D-PBS)

(no calcium or magnesium)
12. 1,4-Dioxane
13. Epidermal growth factor
14. Ethanol
15. Fibroblast (L929) cell line
16. Fetal bovine serum (FBS)
17. Gentamycin

18. Glycine
19. Eluman epidermal kératinocyte (HEK001) cell line

ะ Carlo
ะ Sigma-Aldrich 
ะ Seafresh Chitosan 
(Lab) Co.,Ltd.

: Ta Ming Enterprises 
Co.,Ltd.

: Sigma 
ะ Sigma 
: Fluka

ะ Sigma

: Merck 
: Novabiochem 
: Gibco

ะ Carlo 
ะ Gibco 
ะ Merck 
ะ ATCC 
: InVitromex 
ะ M&H manufacturing 
Co.,Ltd.

ะ Sigma 
: ATCC
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20. Hydrogen peroxide 
21.1,6-hexamethylenediamine
22. TV-hydroxysuccinimide (NHS)
23. Isopropanol (IPA)
24. Keratinocyte-serum free medium
25. L-glutamine
26. Ninhydrin
27. Normal saline

28. Penicillin G Sodium

29. Phosphate buffer saline (PBS)
30. Polycaprolactone (PCL, Mw = 65,000)
31. RPMI 1640 medium
32. Sodium hydroxide
33. Streptomycin sulfate

34. Toluidine Blue o
35. Triethanolamine
36. Trypsin-EDTA solution

: Merck 
: Fluka 
: Fluka 
ะ Merck 
ะ Gibco 
ะ Gibco 
ะ Fluka
ะ General Hospital 
Products Public 
Co., Ltd.

: General Drugs House 
Co.,Ltd.

: Sigma 
ะ Aldrich 
ะ InVitromex 
: Merck
: M&H manufacturing 
Co.,Ltd.

ะ Aldrich 
: Aldrich 
: Sigma

3.2 Equipments
3.2.1 Contact Angle Measurements
Contact angle goniometer model 100-00 and a Gilmont syringe with a 24- 

gauge flat-tipped needle (Ramé-Hart, Inc., USA) was used for the determination of 
water contact angles. The measurements were carried out in air at the room 
temperature. Dynamic advancing and receding angles were recorded while water 
was added to and withdrawn from the drop, respectively. The reported angle is an 
average of 5 measurements on different area of each sample.
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3.2.2 Photochemical Reactor
The Rayonet Photochemical Chamber Reactor model RPR-100 equipped 

with the Rayonet Merry-Go-Round model-RMA-400 was used to generate UV-A 
light with a wavelength at 350 nm for photo-oxidation and graft copolymerization 
step.

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

All spectra were collected at resolution of 4 cm'1 and 128 scan using Nicolet 
Magna 750 FT-IR spectrometer equipped with a liquid-nitrogen-cooled mercury- 
cadmium-telluride (MCT) detector. A single attenuated total reflection accessory 
with 45° germanium (Ge) IRE (spectra Tech, USA) and a varible angle reflection 
accessory (Seagull™, Harrick Scientific, USA) with a hemispherial Ge IRE were 
employed for all ATR spectral acquisitions.

3.2.4 UV-Spectrometer
uv spectroscopy Model Techna, specgene was used for determination of the 

amount of amino group using ninhydrin method and carboxyl group using toluidine 
blue 0  method on the modified PCL surface by reading the absorbance at 538 and 
633 nm, respectively.

3.2.5 Microplate Reader
Microplate Reader Model MK II, Titertek Multiskan MCC/340, Finland was 

used for determination the optical density of samples in MTT assay.

3.2.6 X-ray Photoelectron Spectrometer (XPS)
The XPS experiments were performed using a VG ESCALAB 220i-XL 

instrument equipped with a monochromatic A1 Ka (1486.7 eV photons) and an 
unmonochromated Mg Ka X-ray source (1253.6 eV photons), a concentric
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hem ispherical analyzer and a m agnetic im m ersion  lens (X L  len s) to increase the 
sen sitiv ity  o f  the instrum ent.

3 .2 .7  S ta t is t ic a l A n a ly s is

V a lu es are exp ressed  as the m ean ±  SD . E xperim ents w ere  perform ed at least 
f iv e  tim es and results o f  representative exp erim en ts are presented  ex cep t w here  
otherw ise indicated. Statistical an alysis w a s  perform ed u sin g  O ne-W ay A n a lysis o f  
V ariance (A N O V A ) w ith  the Least Square D ifferen ce  (L S D ) test m ultiple 
com parisons p osttest u sin g  S P S S  version  12 softw are. p < 0 .0 5  w as considered  
statistically  sign ificant.

3 .3  M eth o d s

3 .3 .1  P r e p a r a t io n  o f  P o ly c a p r o la c to n e  F ilm s

P o lycap ro lacton e (PCL) film  w as prepared b y  d isso lv in g  PC L  1.5 g  in 25 m L  
1,4 -d ioxan e and cast in to  a g la ss  Petri d ish  (d iam eter 9 .6  cm ). The so lv en t w as  
evaporated at room  tem perature overnight, and further dried under vacuum  for  
another 2 4  h  at 3 0 ° c .  A  translucent PCL film  w ith  a th ick n ess o f  about 2 0 0  pm  w as  
obtained.

3 .3 .2  S u r fa c e  M o d if ic a t io n  o f  P C L  F ilm  v ia  A m in o ly s is

T he film  w as cut into p ie c e s  o f  1x4 cm 2 and im m ersed  in  ethanol/w ater (1:1, 
v /v )  so lu tion  for 2-3 h to  clean  o ily  dirt and then w ash ed  w ith  a large am ount o f  
d eion ized  water. T he film  w a s  subsequently im m ersed  in 1,6-h exam ethylen e  
diam ine/isopropanol (IP A ) so lu tion  h av in g  a predeterm ined concentration  for a 
g iv en  tim e at 3 7 ° c .  T h e resulting am in olyzed  PC L  film  w as rinsed  w ith  d eion ized  
w ater for 2 4  h at room  tem perature to rem ove free 1,6-h exam eth y len ed iam in e and 
dried under vacuum  at 3 0 ° c  to constant w eigh t.
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3 .3 .3  D e te r m in a tio n  o f  th e  A m in o  G ro u p s o n  A m in o ly z e d  P C L  S u rfa ce

The ninhydrin analysis m ethod w as em p loyed  to quantitatively  detect the 
am ount o f  N H 2  groups on the am in olyzed  PCL film . The film  ( l x l  cm 2) w as 
im m ersed  in  1 M  ninhydrin/ethanol so lu tion  for 1 m in  and p la ced  into a g lass tube, 
fo llo w ed  b y  heating at 8 0 ° c  for 15 m in to accelerate the reaction  b etw een  ninhydrin  
and am ino groups o n  PCL film . A fter the adsorbed ethanol had evaporated, 1 m L o f  
1 ,4 -d ioxan e w a s  added into the tube to  d isso lv e  the f ilm  w hen  th e  film  surface turned 
blue. A  1 m L  o f  isopropanol w as then added to stab ilize  the b lu e com pound . The 
absorbance at 538 nm  o f  th is m ixture w as m easured o n  a U V -v is
spectrophotom eter. A  calibration curve w a s obtained  w ith  1,6 -h exam eth ylen e  
diam ine in 1,4 -d ioxan e/isop rop an ol (1:1 , v /v )  solution.

3 .3 .4  A c tiv a tio n  o f  A m in o ly z e d  P C L  and Im m o b iliz a t io n  o f  C o lla g en  or  
C h ito sa n

A m in o lyzed  PC L film  (0 .9 x 1  cm 2) w as im m ersed  in 0.1 M  N ,N ’- 
d isu cc in im id y l carbonate (D S C )/d im eth y lsu lfox id e  (D M S O ) so lu tion  in  the presence 
o f  0.1 M  triethylam ine for a g iv en  tim e at am bient tem perature fo llo w ed  by rinsing  
w ith  large am ount o f  d e ion ized  w ater. The film  w as th en  d irectly  transferred to 1 mL  
co llagen /p h osp h ate  bu ffer  sa lin e (P B S ) so lu tion  or ch ito san /acetic  acid  solu tion  at 
am bient tem perature for 24  h. A m in o ly zed  P C L -b iom olecu le  film  w a s rinsed by  
soak in g  in d e ion ized  w ater for 24  h  (for am in olyzed  P C L -co lla g en ) or b y  1 % acetic  
acid  fo llo w ed  by soak in g  in d e io n ized  w ater for 24  h (for  am in olyzed  PC L -chitosan) 
and dried under vacuum  before surface characterization.

3 .3 .5  S u r fa ce  M o d ific a tio n  o f  P C L  F ilm  v ia  P h o to -o x id a tio n  a n d  G raft  
C o p o ly m e r iz a tio n

The film  w as cut into p iece s  o f  1x4 cm 2 and im m ersed  in  ethanol/w ater (1:1 , 
v /v )  so lu tion  for 2-3  h to c lean  o ily  dirt and then w ash ed  w ith  a large am ount o f  
d eion ized  w ater. The film  w a s subsequently  im m ersed  in a quartz tube containing 6  
m L  h yd rogen  p eroxide so lu tion  (30% ). U nder rotation by a m otor, the tube w as
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exp osed  to  u v  light generated from  high-pressure m ercury lam p (>,=350 nm ) for a 
g iv en  tim e at 3 0 ° c .  T h e p h oto-ox id ized  film  w as rinsed w ith  d eion ized  water 
thoroughly to elim in ate  the free hydrogen  p erox id e, and then p laced  in a 
cop olym erization  quartz tube contain ing 6 m L acrylic  acid  (A A ) aqueous solution  
having  a predeterm ined concentration. T he so lu tion  in  the tube w a s d egassed  by a 
continuous f lo w  o f  n itrogen  throughout the reaction. Graft cop o lym erization  w as 
carried out under u v  irradiation from  the m ercury lam p for a g iv en  tim e at 3 0 ° c . 
T h e grafted film  (P C L -g-P A A ) w a s  rinsed w ith  a large am ount o f  d eion ized  water 
for at least 2 4  h at 37°c to rem ove the adsorbed h om op olym er, and subsequently  
dried under vacu u m  at 3 0 ° c  to constant w eigh t.

3 .3 .6  D e te r m in a tio n  o f  th e  C a r b o x y l G ro u p s o n  P C L -g -P A A  S u r fa ce

T he to lu id in e b lue o  stain ing m ethod w as em p lo y ed  to determ ine the amount 
o f  CO O H  groups on  P C L -g-P A A . A  0.5 m M  dye so lu tio n  w as prepared at pH 10, 
and the grafted film  w a s placed in  this so lu tion  for 6 h at 30°C . T h e film  w as then 
rem oved  and thoroughly  w ashed  w ith  a sod iu m  hyd roxid e so lu tion  o f  pH 9  for 24 h 
to  rem ove any n on com p lexed  d ye  adhering to the surface. T he d y e  w as desorbed  
from  the film  in a 50%  acetic  acid  solution  for 16 h, and the final dye content w as  
obtained b y  the m easurem ent o f  th e optical density  o f  the so lu tion  at 633 nm  w ith  an 
U V -v is  spectrophotom eter. The P A A  content (grafting den sity) w a s obtained from a 
calibration p lo t o f  the op tica l den sity  versus d ye concentration  assu m in g  that one dye  
m o lecu le  reacts sto ich iom etrica lly  w ith  one carboxyl group.

3 .3 .7  A c tiv a tio n  o f  P C L -g -P A A  a n d  Im m o b iliz a t io n  o f  C o lla g en  or  
C h ito sa n

P C L -g-P A A  film  (0 .9x1 cm 2) w a s treated w ith  the m ixture o f  N -  
h yd roxysu ccin im id e (N H S ) and 1-eth y l-3 - (3 -d im eth ylam in op rop yl) carbodiim ide  
hydrochloride (E D C I). T h e ED C I solution  w a s prepared b y  d isso lv in g  0 .0 7 6 7  g o f  
E D C I in 1 m L o f  M illiQ  water. The N H S  so lu tion  w as prepared by d isso lv in g  
0 .0 1 1 5  g o f  N H S  in 1 m L  o f  M illiQ  water. M ix in g  the tw o  so lu tio n s gave a m ixture
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containing 0 .4  M  E D C I and 0.1 M  N H S . The P C L -g -P A A  film  w a s  im m ersed  in the 
m ixture and a llo w ed  to  react for a g iven  tim e at am bient tem perature, fo llo w ed  by  
rinsing w ith large am ount o f  d e ion ized  water. T h e sam ple w as then directly  
transferred to  1 m L o f  co llagen /phosp hate buffer saline (P B S ) so lu tion s or 
ch itosan /acetic  acid so lu tion  h av in g  a predeterm ined concentration  for a g iven  tim e  
at the sam e tem perature to a ch ieve  b iom olecu le  im m ob iliza tion . P C L -g-P A A - 
b iom olecu le  f ilm  w as rinsed b y  soak ing  in d e ion ized  w ater for 24  h (for PC L-g- 
P A A -co lla g en ) or by 1 % acetic acid  fo llo w ed  b y  soak in g  in d e ion ized  w ater for 24  h 
(for P C L -g-P A A -ch itosan ) and dried under vacu u m  b efore surface characterization.

3 .3 .8  D e te r m in a tio n  o f  th e  A m in o  G ro u p s  on  P C L  su r fa c e  a fter  C o lla g en  
o r  C h ito sa n  Im m o b iliz a t io n

The ninhydrin an alysis m ethod w as em p loyed  to  quantitatively detect the 
am ount o f  N H 2  groups o n  the b io m o lecu le -im m o b ilized  PCL film s. The film  (0 .9x1  
cm ) w as im m ersed  in 1 M  ninhydrin/ethanol so lu tion  for  1 m in and then w as placed  
into a glass tube, fo llo w ed  by h eating  at 8 0 ° c  for 15 m in  to accelerate the reaction  
betw een  ninhydrin and am ino groups on b io m o lecu le -im m o b ilized  PCL film . After 
the adsorbed ethanol had evaporated, 0 .5  m L o f  1 ,4 -d ioxan e w as added into the tube 
to d isso lv e  the film  w h en  the film  surface turned blue. A  0 .5  m L o f  isopropanol w as 
added to stab ilize  the b lu e  com pound. The absorbance at 5 38  nm  o f  this m ixture w as  
m easured on a U V -v is  spectrophotom eter. A  calibration curve w as obtained w ith  
1 ,6-h exam eth y len ed iam in e in 1,4-d ioxan e/isop rop an ol (1 :1 , v /v ) so lu tion .

3 .3 .9  C e ll  S tu d y

Fibroblast (L 9 2 9 ) and hum an epiderm al kératinocyte (H E K 0 0 1 ) ce ll lines  
were used w ith  the seed in g  density  o f  5 ,000  and 10 ,000  c e lls /c m 3, resp ectively . The 
L 929 ce lls  w ere cultured in RPM I 1640 m edium  supplem ented  w ith  5% fetal bovine  
serum  (F B S ), p en ic illin  (1 0 0 ,0 0 0  U /L ) and streptom ycin  (1 0 0  m g/L ) w h ile  the 
H EK 001 w ere cultured in keratinocyte-serum  free m ed iu m  supp lem ented  w ith  5
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ng/m L  hum an recom binant EG F, 2  m M  L -glu tam in e (w ithout b ov in e pituitary 
extract and w ith ou t serum ), p en ic illin  (1 0 0 ,0 0 0  U /L ) and streptom ycin  (100  m g/L ).

B oth  m o d ified  and u n m od ified  PCL film s (d iam eter 6 m m ) w ere sterilized  by 
soak in g  in 70%  ethanol in water for 30 m in  and w ash ed  tw ice  w ith  a m edium  
contain ing gen tam ycin  (2 0 0  m g/L ), p en ic illin  (2 0 0 ,0 0 0  U /L ) and streptom ycin  (200  
m g/L ). The film s w ere then transferred to co v er  the b ottom  o f  9 6 -w e ll tissue culture 
p olystyren e plate. The 3 replicated sam p les w ere  u sed  for each condition. 
A p p roxim ately  5 x l 0 3 L 9 2 9  cells or l x i o 4 H E K 001 c e lls  in  0 .2  m L  culture m edium  
w a s pipetted into each w e ll containing film s as w e ll as into the bottom  o f  tissue  
culture p o lystyren e (T C P S ) plates as a control and th en  incubated under 5%  C O 2 at 
3 7 ° c .

M T T  assay  w as u sed  to investigate c e ll  ad h esion  and proliferation. A fter  12 h 
o f  incubation, the culture m edium  w a s rem oved  to d iscard  the unattached c e ll and 
the 0 .2  m L fresh  culture m edium  w a s  pipetted into each  w e ll fo llo w ed  by 10 pL  o f  5 
m g/m L  M T T /norm al sa lin e solution . A fter incubation  for 4  h, the supernatant 
so lu tion  w a s rem oved  and 150 pL o f  D M SO  w as p ipetted into each  w ell to  d isso lve  
the purple crysta ls o f  form azan. N e x t , 25 pL  o f  0.1 M  g ly c in e  (pH  10.5) w a s added. 
T he optical d en sity  o f  sam ple w as m easured u sin g  m icrop late reader at a w avelen gth  
o f  5 4 0  nm . C ell ad h esion  ratio o n  each surface w as evaluated  u sin g  the equation  
sh ow n  b e lo w  w here ODsampie, 12 h represents the op tica l den sity  on  the different 
polym eric su rfaces and O D t c p s , 12 h represents the op tica l d en sity  o n  TC PS surfaces, 
w h ich  w as u tilized  as a standard.

The m easurem ent o f  change in num ber o f  proliferated ce lls  on  m od ified  and 
u n m odified  PC L film s w a s determ ined at the incubation  tim e p oin t o f  48  and 96 
hours. The ce ll proliferation ratio on  each  sam ple w as evaluated  by u sin g  the 
fo llo w in g  equation.

C ell ad h esion  ratio (% ) sam ple,\2h  1--------X 100
O D  ■1vpsn h

(3 .1)

C ell proliferation ratio (% ) (3 .2)
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