
CHAPTER IV

RESULTS AND DISCUSSION

T his chapter is d iv id ed  into 2 section s. The first section  is  dedicated to 
surface m o d ifica tion  o f  polycaprolactone (PC L ) film  to co v a len tly  introduce am ino  
and carboxyl groups on  the surface v ia  am in o lysis  and graft cop olym erization , 
respectively , fo llo w e d  by an activation o f  surface am ino and carboxyl group into  
active iV -hydroxysuccin im ide (N H S ) ester and an im m ob iliza tion  o f  b iom olecu les, 
co llagen  (m arine, type I and type IV ) or ch itosan  (M W  15 ,000  and 8 3 ,0 0 0 ). The 
second section  is  an in vestigation  o f  cytocom p atib ility  o f  su rface-m od ified  PCL  
film s against sk in -m ed iated  cell lines.

4.1 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

A m in o groups w ere  cova len tly  introduced onto the PC L surface by the 
reaction b etw een  1,6-h exam ethylen ed iam ine and the ester groups o f  PCL at 3 7 ° c .  
The e ffec t o f  a m in o ly z in g  tim e and am ine concentration  w as investigated . The  
quantitative N H 2  am ount on  am inolyzed  PCL film  surface w as m easured by the 
ninhydrin m ethod.

PCL

H2Na/v'NH2
37°c
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Aminolyzed PCL

4 .1 .1  E ffe c t  o f  A m in o ly z in g  T im e

For in vestigatin g  the in flu en ce o f  am in olyzin g  tim e, the concentration  o f  1,6- 
h exam eth y len ed iam in e/IP A  solu tion  w as fixed  at 1 M  and the reaction tim e w as  
varied from  1 to  2 4  h. A ccord in g  to Figure 4 .1 , the am ino concentration per surface 
area increased rapidly as a function o f  reaction tim e w ith in  the first 8 h. U sin g  a
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longer reaction tim e, the density  o f  am ino groups d id  not rise m uch further 
su ggestin g  that the surface am in olysis w as a lm ost com plete.

The alteration o f  surface w ettab ility  o f  PC L  film  after am in o ly sis  expressed  
in term s o f  advan cin g/reced in g  water contact an g les w a s a lso  sh ow n  in Figure 4 .1 . 
The w ater contact angle decreased w ith  am in olyzin g  tim e due to the introduction o f  
hydrophilic N H 2  group from  85°/50° o f  virgin PC L  film  to the m in im um  o f  7 5 7 4 3 °  
at 8 h o f  a m in o ly sis  and then increased slightly. T h is increase o f  contact angle after 8 
h m ay p o ssib ly  b e due to the partial surface degradation o f  PC L film s w ith  longer  
reaction tim e resu lting in m ore surface roughness and h igher advancing contact 
angle va lu e [8].
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F ig u re  4 .1 W ater contact an g le  (advancing ( • )  and reced in g  (O )) and am ount o f  
N H 2 group (A )  o f  PCL film s after reaction  w ith  IM  1,6 -h exam eth y len ed iam in e/IP A  
as a fu n ction  o f  reaction tim e

4 .1 .2  E ffe c t  o f  A m in e  C o n cen tra tio n

B y  ch o o sin g  the am in olyzin g  tim e o f  8 h, the concentration o f  1,6- 
hexam eth ylen ed iam in e/IP A  betw een  0 .2 5  and 3 M  w as u sed  to study the e ffec t o f
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am ine concentration . A s sh o w n  in F igure 4 .2 , the am ount o f  N H 2 groups on the PCL  
film  increased lin early  w ith  1 ,6-h exam ethy len ed iam ine concentration.

T he water contact an g le  decreased w ith  the increasing  o f  am ine concentration  
and reached a m in im um  o f  73°/42° at 1.5 M and rem ained a lm ost unchanged  
throughout the rest o f  reaction tim e, im p ly in g  that the am ine concentration at 1.5 M  
w as high enough for the surface am in olysis to reach the com pletion .

Com pared the N H 2  concentration per surface area w ith  the water contact 
angle, the in con sisten cy  b etw een  these data w as found. This is  due to th e fact that the 
water contact an g le  reflects the surface property o f  a m aterial. H en ce, the ex isten ce  
o f  h yd rop h ilic-h yd rop h ob ic  dom ains on a m aterial surface w ill have a great 
in fluence on  its v a lu e . On the other hand, ninhydrin m ethod reflects th e  total am ount 
o f  N H 2 groups ex is ted  not o n ly  on the surface, but a lso  in th e entire bulk m aterials. 
T hese results presum ably su ggested  that increasing o f  am ine concentration  to 2 and 3 
M  w ill push  the reaction  to occur in deeper depth o f  the film .

100 — 16.0

1,6-Hexamethylenediamine/IPA concentration (M)

F ig u re  4 .2  W ater contact an g le  (advancing ( • )  and reced in g  ( o ) )  and am ount o f  
N H 2 group (A )  o f  PCL film s after reaction w ith  varied concentration o f  1,6- 
h exam ethylened iam ine/IP A  for 8 h
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T he p resen ce o f  N H 2 group on  the am in olyzed  PC L  w as a lso  detected by  
A T R -FT IR  an alysis (F igure 4 .3 ). There w as a m ajor absorption peak assign ed  to the 
ester carbonyl o f  v irg in  PCL appeared at 1720 c m '1. N o  s ig n a ls  from  N -H  stretching  
o f  N H 2  or carbonyl stretching o f  am ide group w ere  ob served  on  am in olyzed  PCL. 
This m igh t be the result o f  the extrem ely  low  concentration  o f  N H 2  present w ith in  
the sam pling depth o f  A T R -F T IR  (1-2 pm ).

F igu re  4 .3  A T R -F T IR  spectra o f  PCL film  before and after am in o lysis  by 1.5 M 1,6- 
hexam eth ylen ed iam in e/IP A  solu tion  for 8 h

4 .2  A c tiv a tio n  o f  A m in o ly z e d  P C L  F ilm  an d  Im m o b iliz a t io n  o f  B io m o lecu les

In this w ork , to ach ieve  the cova len t cou p lin g  o f  b io m o lecu les , the surface 
am ino group o f  am in olyzed  PCL w as first activated  w ith  iV,yV’-d isu ccin im id y l 
carbonate (D S C ) to form  a succin im id yl ester and then im m ob ilized  w ith  se lec tive  
b iom olecu les, co lla g en  or chitosan. T h e m echanism  o f  the activation  o f  am ino  
groups o n  the surface fo llo w ed  by the cou p lin g  reaction  w ith  b io m o lecu les  is sh ow n  
in S chem e 4.1.
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S ch em e 4 .1  M ech an ism  o f  an activation o f  surface am ino group fo llo w ed  by a 
coupling  reaction w ith  b iom olecu les

4 .2 .1  A c tiv a tio n  o f  A m in o  G ro u p  on  A m in o ly zed  P C L  F ilm

In the activation  step , the e ffec t o f  activation  tim e w as investigated . The 
activation reaction w a s carried out using  0.1 M  yV W -disuccin im idyl carbonate  
(D S C )/d im eth y lsu lfo x id e  (D M S O ) in the presence o f  0.1 M  triethylam ine at room  
tem perature. A ccord in g  to Figure 4 .4 , the w ater contact angle increased  from  
7 3 7 4 2 °  (am in o lyzed  PCL) to 8 9 7 4 5 °  (activated am in olyzed  P C L ) after the 
activation for 1 h and rem ained constant for the rest o f  activation  tim e im p ly in g  that 
the h igh est extent o f  activation  in the surface reg ion  h as been ach ieved . T his  
increasing o f  contact angle su ggests that the hydrophilic am in o  groups have been  
converted to  hydrophobic jV-succinim idyl groups.
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F ig u re  4 .4  W ater contact angle o f  am in olyzed  PCL film s after the reaction w ith  0.1 
M  D SC /D M SO : advancing ( • )  and receding (o)
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4 .2 .2  Im m o b iliz a t io n  o f  B io m o lecu les  o n  A c tiv a te d  A m in o ly zed  P C L  
F ilm

B y  ch o o sin g  the activation  tim e o f  1 h and 0.1 M D S C /D M S O  solution, the 
in fluence o f  im m ob iliza tion  tim e and b iom olecu le  concentration  w as studied. In case  
o f  co llagen , on ly  m arine co llagen  w as u sed  for this in vestigation .

4 .2 .2 .1  E ffec t o f  Im m o b iliza tio n  T im e

A ctivated  am in olyzed  PCL w as im m ersed in 10 m g/m L  co llagen /P B S  
solution  at room  tem perature for 4 to 48  h. From Figure 4 .5 , the advancing water 
contact an g le  decreased  from 89° o f  activated am in olyzed  PCL to 59° after 
im m ob ilized  w ith co lla g en  for 2 4  h w hile  the am ount o f  NFL groups on the surface 
reached th e m axim u m  value o f  1 .3 1 x 1 0"8 m ol/cm 2 at the sam e period o f  tim e. The  
contact a n g le  did n ot decrease any further after 24  h im p ly in g  that the h igh est extent 
o f  im m obilization  in  the surface region has been ach ieved .
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Figure 4.5 Advancing water contact angle ( • )  and amount o f  N H 2 group (o ) o f
activated aminolyzed PCL film s after collagen im m obilization as a function o f
im m obilization time
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E ffect o f  b io m o lecu le  concentration on the extent o f  im m ob iliza tion  on the 
activated am in olyzed  PC L film  w as determ ined by varying the co lla g en  and chitosan  
concentration from 1 to  10 m g/m L  u sin g  the im m ob ilization  tim e o f  2 4  h at room  
temperature.

4.2.2.2 Effect o f  Biomolecule Concentration

Collagen

A s d isp layed  in  Figure 4 .6 , the advancing  w ater contact angle decreased  as a 
function o f  co lla g en  concentration w ith in  5 m g/m L  and seem ed  to level o f f  
afterwards. Surface becam e m ore hydrophilic w hen com pared to the control PCL  
(8 5 7 5 0 ° ) . T he water contact an g le  decreased from  8 9 7 4 5 °  o f  activated am inolyzed  
PCL to 6 1 7 0 °  o f  am in olyzed  P C L -collagen  due to the con version  o f  hydrophobic  
active ester to hydrophilic b iom olecu le . The am ount o f  NFL group corresponding to 
the quantity o f  co lla g en  im m obilized  on  the surface increased w ith  the increasing o f  
co llagen  concentration . The h igh est am ount o f  N H 2 group is 1 .3 1 X10'8 m o l/cm 2 at 10 
m g/m L  co lla g en  concentration.
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F ig u re  4 .6  A d van cin g  water contact angle ( • )  and am ount o f  N H 2 group ( o )  o f  
activated am in olyzed  PC L film s after im m ob ilization  w ith  varied concentration o f  
co llagen
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Chitosan

T w o  ch itosan s having different m olecular w e ig h t (M W ): 15 ,000  and 83,000 , 
w ere used in  this w ork . A s  illustrated in F igure 4 .7 , the w ater contact angle o f  the 
im m o b ilized  film s decreased  as a function o f  ch itosan  concentration  up to 3 m g/m L  
and tended to  lev e l o f f  afterwards for both M W . T h e N H 2 group content increased  
w h en  the concentration  o f  ch itosan  increased. A s exp ected , at the sam e concentration  
o f  ch itosan , the a m in o ly zed  PC L -chitosan 8 3 0 0 0  film s  had h igh er N H 2  density  than 
the am in olyzed  P C L -ch itosan  1 5000  due to  the fact that the num ber o f  repeat unit 
contain ing N H 2  group in ch itosan  M W  8 3 ,0 0 0  m o lecu le  is  greater than that in 
chitosan  M W  1 5 ,0 0 0  m olecu le . A t 3 m g/m L  ch itosan  concentration , am inolyzed  
P C L -ch itosan  15000  and 83000  yielded  2 .3 x l0 '9 and 2 .7 x l0 '9 m ol/cm 2 o f  N H 2 

groups, resp ective ly .
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Figure 4.7 A d v a n cin g  water contact angle ( • )  and am ount o f  N H 2 group (O ) o f  
activated a m in o ly zed  PC L film s after im m ob iliza tion  w ith  varied concentration o f  
chitosan  M W  15000
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Figure 4.8 A d van cin g  water contact angle ( • )  and am ount o f  NH 2 group ( o )  o f  
activated am in olyzed  P C L  film s after im m ob iliza tion  w ith  varied concentration o f  
ch itosan  M W  8 3 0 0 0

W hen com paring the w ater contact angle and N H 2  den sity  on  the surface o f  
co lla g en  and ch itosan  im m o b ilized  film s, it w as ob served  that the w ater contact 
an gles o f  the ch itosan  M W  15000- and 8 3 0 0 0 -im m o b ilized  film s w ere h igher and the  
am ount o f  N H 2 /surface area w ere  low er than the co lla g en -im m o b ilized  film s. T his 
m ight be due to  the larger structure and the w ater in so lu b le  properties o f  chitosan  
lead ing  to its lo w er  ex ten t o f  im m ob ilization  in com parison  w ith co llagen .

The absorption peaks from  A T R -FT IR  o f  PCL and m od ified  PCL are show n  
in Figure 4 .9 . For the activated am in olyzed  PCL spectrum , no c = 0  stretching o f  
su ccin im id y l ester  on  th e  a ctiv a ted  a m in o ly z e d  PC L w as observed . O n ce again, 
th is m ay be regarded as a result o f  the am ount o f  N H 2  group and its corresponding  
activated su ccin im id y l ester group being low er than the d etection  lim it o f  the 
technique. N o n eth e less , after b io m o lecu le  im m ob iliza tion , c = 0  stretching peak at 
1640 cm '1 (am id e I) and  N -H  bending peak at 1560  cm '1 (am id e II) evidently  
appeared in the spectra o f  am inolyzed  P C L -co llagen , am in olyzed  PC L -chitosan  
15000 , and am in o lyzed  P C L -chitosan  8 3000 . M oreover, the broad peak in the range
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o f  3 0 0 0 -3 6 0 0  cm '1 corresponding to N -H  stretching o f  N H 2  in  co lla g en  and chitosan  
w a s  ob served  ind icating that co llagen  and ch itosan  h ave b een  su ccessfu lly  
im m o b ilized  on  the am in o-con ta in in g  PCL film s.

F ig u r e  4 .9  A T R -F T IR  spectra o f  v irg in  PC L film  and a m in o lyzed  PC L film s before  
and after activation  and b io m o lecu le  im m obilization

Furtherm ore, the su ccess o f  am in olysis fo llo w ed  b y  im m ob iliza tion  o f  
b io m o lecu le s  on  PC L w as a lso  confirm ed b y  the result from X P S  analysis as show n  
in  T able 4 .1 . A fter am in o ly sis  o f  PC L , the N is  peak w a s d etected  and the N /C  ratio 
w a s  increased  from 0 to 0 .02. The N /C  ratio o f  a m in o lyzed  PCL increased  after 
im m o b iliza tio n  o f  b io m o lecu les due to the large am ount o f  N H 2 group in 
b io m o lecu le  structure w a s additionally  introduced. It can  be seen  that the am inolyzed  
P C L -co lla g en  had h igh er N /C  ratio than am in o lyzed  P C L -ch itosan  8 3000 . These 
data are in accord  w ith  the am ount o f  N H 2 determ ined b y  the ninhydrin  m ethod.
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Table 4.1 A to m ic  com p osition  o f  virgin P C L  film  and a m in o ly zed  PCL film s before  
and after b io m o lecu le  im m ob iliza tion

Sam ple
A tom ic  com p osition  (% )

N /C  ratioc 0 N

PCL 71 .0 2 9 .0 - 0
A m in o ly zed  PCL 71 .7 2 6 .7 1.6 0 .02
A m in o ly zed  P C L -co llagen 70 .0 2 6 .6 3 .4 0.05
A m in o ly zed  P C L -ch itosan  8 3 0 0 0 70 .4 2 7 .4 2.2 0.03

4 .3  S u r fa c e  M o d if ic a t io n  o f  P C L  F ilm  v ia  P h o to -o x id a t io n  a n d  G raft  
C o p o ly m e r iz a tio n

Introducing carboxyl group on the surface is another route to g ive  PCL film  
the ability  to  im m o b ilize  b io m o lecu les. PCL film  w as m od ified  by graft 
cop o lym eriza tion  o f  acry lic  acid  (A A ) initiated under uv irradiation. Photo- 
o x id iz in g  PC L film  in hydrogen  peroxide so lu tion  firstly  generates m acrom olecular  
hydroperoxide groups (P -O O H , w here p  represents the PCL p o lym er  chain) on its 
surface. U nder uv irradiation, the h ydroperoxide groups d ecom p ose  into  
m acrom olecu lar o x y g en  radicals (P-O *) that have the ab ility  to in itiate the grafting  
cop o lym eriza tion  o f  acry lic  acid (A A ) o n  the film  surface, and hydroxyl radicals 
(H -O *) w h ich  m ay  in itia te hom opolym erization  o f  A A  in  so lu tion . A  large am ount 
o f  w ater w as n ecessa r ily  used to d isso lv e  the hom op olym er, y ie ld in g  a P A A  grafted 
PC L (P C L -g-P A A ). T h e effect o f  p h oto-oxid ation  tim e, grafting tim e and m onom er  
concentration  w a s investigated . T he quantitative density o f  C O O H  groups grafted on  
PC L m em brane w as determ ined b y  the reaction w ith  to lu id in e b lue o .

PCL

h2o2
uv ,30 °c

OOH CHf=<fH 
COOH

j -O O H  ” T v 5 o » C

- ■o(ch2çh^
COOH

a
PCL-g-PAA
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The graft cop o lym erization  w a s conducted  in 10%  A A  so lu tion  at 30°c for 
1 h  after p h oto-ox id ation . A s sh ow n  in  F igure 4 .1 0 , the den sity  o f  C O O H  groups on  
the P C L -g -P A A  film  increased  rapidly w ith in  the first 30  m in  o f  photo-oxidation  
g iv in g  the h igh est va lu e  at 9 . lx lO '8 m ol/cm 2. The con ten t o f  C O O H  groups w as, 
h ow ever , d eca y ed  as the p h oto-oxid ation  proceeded  b eyon d  3 0  m in. T w o p ossib le  
exp lan ation s m ay accou n t for such a result: (1 )  The p h o to -o x id ized  layer o f  the PCL 
surface w as som ew h at degraded, (2 )  E xten sive  quantity o f  generated radical and 
m on om er favors in itiation , chain transfer, and term ination, but n ot propagation.

To com pare th e hyd rop h ilicity  o f  the m od ified  and u n m od ified  film  surfaces, 
w ater contact an gles w ere  m easured. A s a con seq u en ce  o f  graft cop o lym erization  o f  
A A  on to  the film  surface, the w ater contact an g le  decreased  sharply from  8 5 °/50° to 
4 5 °/0 °  after 3 0  m in o f  p h oto -ox id a tion  and th en  increased  to 7 0 °/3 4 °  after 2 h. The 
con tact data ev id en tly  co in c id e  w ith  the C O O H  concentration per surface area data.

4.3.1 E ffec t o f  Photo-oxidation T im e
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P hoto-oxidation  tim e (h)

Figure 4.10 W ater contact angle (advancing ( • )  and reced in g  (o)) and am ount o f  
C O O H  group (A )  o f  P C L -g-P A A  film s as a  function  o f  p h oto-oxid ation  tim e. The 
graft cop o lym erization  w a s conducted  in 10% A A  so lu tion  at 30°c for 1 h
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U sin g  a ch osen  p h oto-ox id ation  tim e o f  3 0  m in and a g iv en  concentration o f  
10% A A  so lu tion , the in flu en ce o f  grafting tim e on  the C O O H  d en sity  and water 
contact angle o n  the grafted film  w a s investigated . The results are sh ow n  in  Figure 
4 .1 1 . T he concentration  o f  CO O H  groups o n  P C L -g-P A A  film  increased  a lon g  with  
the grafting tim e w ith in  the first lh ,  and then dropped after the lo n g er  grafting tim e  
w a s used. It is  a lso  su sp ected  that the chain transfer and term ination overshadow ed  
the in itiation and propagation  tow ards the end o f  reaction at w hich  the A A  m onom er  
w a s m ostly  con su m ed  and the so lu tion  becam e quite v isc o u s  in th e presence o f  free 
hom opolym er. T h e w ater contact angles p lotted  in the sam e figu re  are in  good  
agreem ent w ith  the C O O H  density  data. T he lo w est contact angle obtained after lh  
grafting w as 4 5 ° /0 ° .

4.3.2 E ffe c t o f G ra ftin g  T im e

Grafting tim e (h)

Figure 4.11 W ater contact angle (advancing  ( • )  and reced in g  (o ))  and am ount o f  
C O O H  group ( A )  o f  P C L -g-P A A  film s as a function o f  grafting tim e. T he graft 
cop o lym eriza tion  w as conducted  in  10% A A  so lu tion  at 3 0 ° c  after photo-oxidation  
for 30  m in
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To determ ine the e ffec t o f  m onom er concentration  o n  the extent o f  graft 
cop o lym eriza tion , the p h oto-ox id ation  tim e and grafting tim e w ere  fixed  at 30  m in  
and lh ,  resp ectively . T he m onom er concentration  w as varied  in th e range o f  5-15% . 
A s ca n  be seen  from  Figure 4 .1 2 , the C O O H  concentration  per surface area increased  
w ith  the A A  concentration  up to 10%  and then  dropped d ow n  w h en  the m onom er  
concentration  w a s 15%. It is  b e lieved  that the h ig h  concentration  o f  m onom er in the 
so lu tio n  w o u ld  favor the h om op olym erization  over the graft cop olym erization . The 
contact angle data p lotted  in  the sam e figure a lso  reflected  the sam e tendency.

4.3.3 E ffec t o f M onom er C oncentration
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Figure 4.12 W ater contact angle (advancing ( • )  and reced in g  (o ))  and am ount o f  
C O O H  group ( A )  o f  P C L -g-P A A  film s as a function  o f  acrylic acid  concentration. 
The graft cop o lym erization  w as conducted  at 3 0 ° c  for 1 h after ph oto-ox id ation  for 
30 m in

A n optim um  con d ition  for the preparation o f  P C L -g-P A A  film  that w as  
ded u ced  is to  use 10%  A A  and carrying out the ph oto-ox id ation  and graft 
cop o lym eriza tion  for 30  m in and 1 h, resp ective ly .
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The structure o f  P C L -g -P A A  surface w as studied b y  A T R -F T IR  analysis. 
A ccord in g  to F igure 4 .1 3 , the absorption peak assign ed  to the c = 0  stretching in the 
spectrum  o f  P C L -g-P A A  film  w as a lm ost in d istingu ishable from  that in the spectrum  
o f  v irgin  PCL film . T his is  due m ain ly  to the fact that the c = 0  stretching o f  acid 
group in P A A  gen era lly  appears at 1718 c m '1 w h ich  is in  a c lo se  proxim ity  to the 
c = 0  stretching o f  ester in  PCL at 1720  cm '1. N o n eth e less , there w a s  a very  w eak  
and broad signal appearing in the range o f  3 0 0 0 -3 5 0 0  cm '1 that can  be a ssign ed  to 
the O-Fl stretching o f  acid  group in P A A .

F ig u r e  4 .1 3  A T R -F T IR  spectra o f  PC L  and P C L -g-P A A  film s (p h oto-ox id ation  for 
30 m in  and graft cop o lym erization  in  10% A  A  for lh )

4 .4  A c tiv a tio n  o f  P C L -g -P A A  F ilm  an d  Im m o b iliz a t io n  o f  B io m o lecu le s

The activation  o f  the carboxyl group w ith  a w ater-so lub le carbodiim ide, l- (3 -  
d im eth ylam in op rop yl)-3-eth ylcarb od iim id e hydrochloride (E D C I) a lon e  is p o ssib le  
but not quite practical s in ce  the activated group often  su ffers from h yd ro lysis and is 
ea sily  deactivated . For this reason, an alternative m ethod o f  u sin g  N -  
h yd roxysu ccin im id e (N H S ) in com bination  w ith  ED C I w as se lected . T he N - 
h yd roxysu ccin im id e esters resulting from  the N H S /E D C I activation  are know n to be
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more stab le and can  react spontaneou sly  w ith am in es and other n u cleop h ilic  groups. 
The step w ise  activation  o f  carboxyl group by N H S /E D C I fo llo w ed  by the 
im m ob iliza tion  o f  b iom olecu le  is  m ech an istica lly  sh ow n  in  S ch em e 4 .2 .

S c h e m e  4 .2  M ech an ism  o f  an activation  o f  surface carb oxy l group fo llo w ed  b y  a 
cou p lin g  reaction  w ith  b io m o lecu les

4 .4 .1  A c tiv a tio n  o f  P C L -g -P A A  F ilm

In the activation  step, the e ffec t o f  activation  tim e  w as investigated . T he  
activation  reaction  w as carried out u sin g  0.1 M  N H S  in th e p resence o f  0 .4  M  ED C I 
at room  tem perature. A ccord in g  to F igure 4 .1 4 , the w ater contact angle increased  
from 4 5 ° /0 °  (P C L -g -P A A ) to 7 0 °/3 8 °  (activated  P C L -g -P A A ) after the activation  for  
1 h and rem ained  unchanged afterwards im p ly in g  that the h igh est ex ten t o f  activation  
in the surface reg io n  has been  ach ieved . This increasin g  o f  contact angle su ggests  
that th e hydrophilic carboxyl groups have b een  converted  to hydrophobic N -  
su ccin im id y l groups.
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F ig u re  4 .1 4  W ater contact angle o f  P C L -g-P A A  film s after the reaction w ith  
aqueous solu tion  o f  0.1 M N H S /0 .4  M  EDCI: ad van cin g  ( • )  and reced in g  (o) w ater  
contact angle

4 .4 .2  Im m o b iliz a t io n  o f  B io m o lecu le s  o n  A c tiv a te d  P C L -g -P A A  F ilm

B y  ch o o sin g  the activation  tim e o f  1 h and 0.1 M  N H S /0 .4  M  ED C I aqueous  
solution , the in flu en ces o f  im m ob iliza tion  tim e and b io m o lecu le  concentration on  the 
extent o f  im m ob iliza tion  w ere  studied. In case  o f  co llagen , o n ly  m arine co llagen  w as  
used for this investigation .

4 .4 .2 .1  E ffec t o f  Im m o b iliza tio n  T im e

A ctivated  P C L -g-P A A  w as im m ersed  in 10 m g/m L  co lla g en /P B S  so lu tion  at 
room tem perature for 4  to 4 8  h. From Figure 4 .1 5 , the ad van cin g  w ater contact angle  
decreased from  7 0 °  o f  activated P C L -g-P A A  to  34° after im m obilization  w ith  
co llagen  for 24  h w h ile  the am ount o f  N H 2 groups (from  im m o b ilized  co llagen ) on  
the surface sim u ltan eou sly  reached th e m axim um  value o f  1 .77x1 O'8 m ol/cm 2. The 
contact angle did not decrease any further after 24  h im p ly in g  that the h ighest extent 
o f  im m ob iliza tion  in the surface region has b een  ach ieved .
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Figure 4.15 A d van cin g  w ater contact angle ( • )  and am ount o f  NH 2 group ( o )  o f  
activated P C L -g-P A A  film s after co llagen  im m ob iliza tion  as a function o f  
im m obilization  tim e

4 .4 .2 .2  E ffe c t  o f  B io m o le c u le  C o n c e n tr a tio n

E ffect o f  b io m o lecu le  concentration on th e extent o f  im m ob iliza tion  o f  the  
activated P C L -g-P A A  film  w as determ ined by vary in g  the b iom olecu le  
concentration from  1 to 10 m g/m L  u sin g  the im m o b iliza tio n  tim e o f  2 4  h at room  
temperature.

C o lla g e n

A s  d isp layed  in F igure 4 .1 6 , the advancing water contact an g le  decreased  as a 
function o f  co lla g en  concentration w ith in  5 m g/m L  and seem ed  to level o f f  
afterwards. Increasing the concentration o f  co lla g en  resu lted  in an increase o f  the 
am ino group con ten t on the surface. T he h ighest am ount o f  N H 2 group is  1 .7 7 x 1 0‘8 
m ol/cm 2 at 10 m g/m L  co lla g en  concentration.



53

1 3  5 7
C ollagen  concentration  (m g/m L )

10

ธjy
.2 2!  a
a ©« t !นิ X
o  พุร  ร 
o  ร
a  8 -< (ริ 

3

F ig u re  4 .1 6  A d van cin g  w ater contact angle ( • )  and am ount o f  N H 2 group ( o )  o f  
activated P C L -g-P A A  film s after the im m ob iliza tion  w ith  varied concentration  o f  
co llagen  for 24  h

C h ito sa n
To determ ine an e ffec t o f  ch itosan  concentration  on th e  extent o f  

im m obilization , the reaction w a s carried out b y  u sin g  the sam e im m ob iliza tion  tim e  
as co lla g en , 24  h. The w ater contact angle o f  the ch itosan -im m ob ilized  film  
decreased as a fu n ction  o f  ch itosan  concentration  up to 3 m g/m L  and tended to lev e l 
o ff  afterw ards for both  M W  (Figures 4 .1 7  and 4 .1 8 ). The N H 2  content/surface area 
corresponded quite w ell w ith  the contact an g le  data. A t 3 m g/m L  chitosan  
concentration, P C L -g-P A A -ch itosan  1 5 0 0 0  and 8 3 0 0 0  y ie ld ed  7.8x1 O'9 and 8.7x1 O'9 
m ol/cm 2 o f  N H 2 groups, respectively.
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F ig u r e  4 .1 7  A d v a n c in g  w a te r  co n ta c t  a n g le  ( • )  a n d  a m o u n t o f  N H 2 gro u p  ( o )  o f  
a c tiv a ted  P C L -g -P A A  f i lm s  a fter th e  im m o b iliz a t io n  w ith  v a r ie d  c o n c e n tr a tio n  o f  
c h ito sa n  M W  1 5 0 0 0
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F ig u r e  4 .1 8  A d v a n c in g  w a te r  co n ta c t a n g le  ( • )  a n d  a m o u n t o f  N H 2 gro u p  ( o )  o f  
a c tiv a ted  P C L -g -P A A  f ilm s  a fter  th e  im m o b iliz a t io n  w ith  v a r ied  c o n c e n tr a tio n  o f  
ch ito sa n  M W  8 3 0 0 0
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A T R -F T IR  sp ec tra  o f  P C L  and P C L -g -P A A  b o th  b e fo r e  and a fte r  a c tiv a tio n  
and b io m o le c u le  im m o b il iz a t io n  are s h o w n  in  F ig u r e  4 .1 9 . F o r  th e  a c t iv a te d  P C L -g -  
P A A , an  e m e r g in g  w e a k  sh o u ld e r  at 1 8 0 8  c m '1 o b se r v e d  in  th e  sp ec tru m  c a n  b e  
a ss ig n e d  to  th e  c=0 stre tch in g  o f  su c c in im id y l ester . A fte r  b io m o le c u le  
im m o b iliz a t io n , c=0 s tre tch in g  p eak  at 1 6 4 0  c m '1 (a m id e  I) a n d  N - H  b e n d in g  p e a k  
at 1 5 6 0  c m '1 (a m id e  II) e v id e n t ly  ap p ea red  in  th e  sp ectra  o f  P C L -g -P A A -c o lla g e n ,  
P C L -g -P A A -c h ito sa n  1 5 0 0 0  a n d  P C L -g -P A A -c h ito s a n  8 3 0 0 0 . M o r e o v e r , the b road  
p eak  in  th e  ran g e  o f  3 0 0 0 - 3 6 0 0  c m '1 c o r r e sp o n d in g  to  N -H  s tr e tc h in g  o f  N H 2 in  
c o lla g e n  and  c h ito sa n  w a s  o b se r v e d  in d ic a tin g  th at c o lla g e n  an d  c h ito sa n  h ave  b e e n  
s u c c e s s fu lly  im m o b il iz e d  o n  th e  c a r b o x y l-c o n ta in in g  P C L  f ilm s .

F ig u r e  4 .1 9  A T R -F T IR  sp ectra  o f  v irg in  P C L  f ilm  and  P C L -g -P A A  f i lm s  b efo re  an d  
after a c t iv a t io n  and  b io m o le c u le  im m o b iliz a tio n
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S u r fa c e  a to m ic  c o m p o s it io n s  o f  th e  P C L -g -P A A  f i lm s  b e fo r e  and a fter  
b io m o le c u le  im m o b iliz a t io n  a s  ch a ra cter ized  b y  X P S  are s h o w n  in  T a b le  4 .2 . A fte r  
im m o b iliz in g  w ith  c o l la g e n  an d  c h ito sa n , th e  N is  p e a k  c o r r e sp o n d e d  to  th e  N H 2 in  
b o th  m o le c u le s  w a s  d e te c te d . T h e  N /C  ratio  o f  P C L -g -P A A -c o lla g e n  w a s  h ig h er  than  
th a t o f  c h ito sa n  M W  8 3 0 0 0 . T h e se  d ata  are in  a c c o r d  w i th  th e  a m o u n t o f  N H 2 

d e te r m in e d  b y  th e n in h y d r in  m eth o d .

T a b le  4 .2  A to m ic  c o m p o s it io n  o f  v irg in  P C L  film  a n d  P C L - g - P A A  f i lm s  b e fo re  and  
after  b io m o le c u le  im m o b iliz a t io n

S a m p le
A to m ic  c o m p o s it io n  (% )

- N /C  ratioc 0 N

PC L 7 1 .0 2 9 .0 - 0

P C L -g -P A A 7 2 .5 2 7 .5 - 0

P C L -g -P A A -c o lla g e n 6 5 .6 2 8 .3 6 .1 0 .0 9
P C L -g -P A A -c h ito s a n  8 3 0 0 0 6 6 .8 2 9 .7 3 .5 0 .0 5

4 .5  C e ll C u l t u r e

I n  v i t r o  c y to c o m p a t ib ili ty  ca n  b e u se d  as a  p rim ary  in d ic a t io n  o f  h o w  c e l ls  
r e sp o n se  to  a  su r fa ce  o f  in terest. It is  u su a lly  e x p r e s se d  in  te r m s  o f  c e l l  a d h e s io n  and  
p r o life r a tio n . A s  m e n tio n e d  in  C h apter II, k é r a t in o c y te s  and f ib r o b la s ts  are th e  m a in  
c e l l s  in  e p id e r m is  a n d  d e r m is  la y er , r e sp e c t iv e ly . In  order to  ren d er b io m o le c u le -  
im m o b iliz e d  P C L  su ita b le  m a ter ia l fo r  a r tif ic ia l sk in  a p p lic a t io n , h u m an  k éra tin o cy te  
(H E K 0 0 1 )  and  f ib r o b la st  (L 9 2 9 )  c e l l  l in e s  w ere  u s e d  for th is  in v e s t ig a t io n . C e ll  
a d h e s io n  a n d  p ro life r a tio n  w a s  e v a lu a ted  b y  u s in g  M T T  m e th o d  [3 4 ]  and  th e v a lu e  
o f  c e ll  a d h e s io n  an d  p r o life r a tio n  ratio  is  rep orted  a s  th e  v ia b il ity  o f  c e l l s  a ttach ed  to  
a su rfa ce  in  p ro p o rtio n  to th e  v ia b il ity  o f  c e l l s  a tta ch ed  to t is s u e  cu ltu re  p o ly s ty r e n e  
(T C P S ) p la te  in  th e  sa m e  cu ltu re  m ed ia . A l l  o f  th e  m o d if ie d  P C L  f i lm s  from  ea ch  
o p t im iz e d  c o n d it io n  w er e  c h o s e n  for the in v e s t ig a t io n  o f  c y to c o m p a t ib ili ty  (T a b le

4 .3 ) .
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T a b le  4 .3  O p tim iz e d  c o n d it io n s  u sed  fo r  the m o d if ic a t io n  o f  P C L  f ilm s  that w e r e  
c h o se n  fo r  c y to c o m p a t ib ili ty  in v e s t ig a t io n

S a m p le C o n d i t io n

A m in o ly z e d  P C L A m in o ly s is  in  1 .5  M  1 ,6 -h e x a m e th y le n e d ia m in e /  
IP A  for 8 h

P C L -g -P A A P h o to -o x id a t io n  fo r  3 0  m in  f o l lo w e d  b y  graft 
c o p o ly m e r iz a t io n  in  10%  A A  fo r  lh

A m in o ly z e d  P C L -c o lla g e n A c t iv a t io n  in 0 .1  M  D S C  fo r  1 h f o l lo w e d  b y

A m in o ly z e d  P C L -c h ito sa n im m o b iliz a tio n  in  5 m g /m L  c o l la g e n  so lu tio n  
or 3 m g /m L  c h ito sa n  s o lu t io n  fo r  2 4  h

P C L -g -P A A -c o lla g e n A c t iv a t io n  in  0 .1  M  N H S /0 .4  M  E D C I for 1 h

P C L -g -P A A -c h ito sa n fo llo w e d  b y  im m o b iliz a t io n  in  5 m g /m L  c o lla g e n  
so lu tio n  or  3 m g /m L  c h ito sa n  so lu t io n  fo r  2 4  h

4 .5 .1  K é r a t in o c y t e  (H E K 0 0 1 )  C e l l  C u ltu r e

T h e  H E K 0 0 1  c e l l  a d h e s io n  ratio o f  P C L , a m in o ly z e d  P C L  and a m in o ly z e d  
P C L -b io m o le c u le s  are sh o w n  in  F igu re 4 .2 0 . H a v in g  c e ll  a d h e s io n  ra tio  o f  6 1 % ,  
v irg in  P C L  c a n  b e  c o n s id e r e d  a s  a fair su b strate  fo r  c e l l  a d h e s io n  as co m p a red  to  
100%  o f  T C P S . E v id e n tly , th e  a ltera tion  o f  su r fa ce  fu n c t io n a lity  had a  s ig n if ic a n t  
im p a ct o n  H E K 0 0 1  a d h e s io n  an d  p ro lifer a tio n . In tro d u c in g  N H 2 g ro u p  o n  P C L  
su rfa ce  v ia  a m in o ly s is  in c r e a se d  th e  c e ll a d h e s io n  ra tio  o f  th e  v ir g in  P C L  f ilm . A fte r  
im m o b iliz a t io n  o f  b io m o le c u le s ,  c o l la g e n  an d  c h ito sa n , w h ic h  p o s s e s s  th e  
b io c o m p a t ib il ity , th e  m o d if ie d  P C L  f i lm s  b e c a m e  m o re  fa v o r a b le  fo r  H E K 00 1  
a d h e s io n . A c c o r d in g  to  H E K 0 0 1  p r o lifer a tio n  ra tio  sh o w n  in  F ig u re  4 .2 1 ,  a ll o f  th e  
m o d if ie d  f i lm s  b e c a m e  r e la tiv e ly  g o o d  su b stra tes  fo r  c e l l  p ro lifer a tio n . A lth o u g h  th e  
c y to c o m p a t ib ili ty  o f  a ll m o d if ie d  PC L  f i lm s  w e r e  su p er io r  to  th e  v irg in  P C L  f ilm ,  
n o n e  ca n  c o m p e te  w ith  th e  T C P S .
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TCPS PCL Aminolyzed CoUagen Collagen Collagen Qiitosan Chitosan 
PCL marine type I type IV  15000 83000

Materials

F ig u r e  4 .2 0  I n  v i tr o  c e l l  a d h e s io n  ratio  o f  H E K 0 0 1  o n  a m in o ly z e d  P C L  b e fo re  and  
a fte r  b io m o le c u le  im m o b iliz a t io n  in  c o m p a r iso n  w ith  T C P S  and  v irg in  P C L  
* in d ic a te s  th a t the sa m p le  w a s  s ig n if ic a n tly  d iffe r e n t fro m  P C L  w ith  p < 0 .0 1
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TCPS PCL Aminolyzed Collagen Collagen Collagen Chitosan Chitosan 
PCL marine type I type IV  15000 83000

Materials

Figure 4.21 In vitro cell proliferation ratio of HEK001 on aminolyzed PCL before
and after biomolecule immobilization in comparison with TCPS and virgin PCL
* indicates that the sample was significantly different from PCL with p<0.01
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T h e  H E K 0 0 1  c e l l  a d h e s io n  and p r o life r a tio n  ra tio  o f  P C L , P C L -g -P A A  and  
P C L -g -P A A -b io m o le c u le s  are sh o w n  in  F ig u res  4 .2 2  and  4 .2 3 ,  r e sp e c tiv e ly . 
E v id e n tly , th e  a ltera tio n  o f  su r fa ce  fu n c t io n a lity  an d  h y d r o p h ilic ity  had  a  s ig n if ic a n t  
im p a c t o n  H E K 0 0 1  a d h e s io n  an d  p ro lifer a tio n . In tr o d u c in g  C O O H  gro u p  o n  P C L  
su r fa ce  v ia  gra ft c o p o ly m e r iz a t io n  o f  a c r y lic  a c id  m a rk ed ly  in c r e a se d  th e c e l l  
a d h e s io n  an d  p r o life r a tio n  ratio o f  the v ir g in  P C L  f ilm . A fte r  im m o b iliz a tio n  o f  
b io m o le c u le s ,  c o l la g e n  a n d  c h ito sa n , the s u r fa c e -m o d if ie d  P C L  f i lm s  b e c a m e  m ore  
fa v o r a b le  fo r  b o th  a d h e s io n  and p ro life r a tio n . It w a s  o b se r v e d  that th e  a d h e s io n  and  
p r o life r a tio n  ratio  o f  P C L -g -P A A -c o lla g e n  ty p e  I w e r e  c o m p a r a b le  to that o f  T C P S . 
E v id e n tly , th e  s e n e s  o f  P C L -g -P A A  and P C L -g -P A A -b io m o le c u le s  y ie ld e d  su p erior  
c y to c o m p a ta b ility  to  th e  se r ie s  o f  a m in o ly z e d  P C L  and  a m in o ly z e d  P C L -  
b io m o le c u le s .  T h is  is s u e  w ill b e  la ter d is c u s s e d  in  term s o f  th e  ex te n t o f  su rface  
m o d if ic a t io n  an d  b io m o le c u le  im m o b iliz a t io n .

marine type I type IV  15000 83000

Materials

Figure 4.22 In vitro cell adhesion ratio of HEK001 on PCL-g-PAA before and after
biomolecule immobilization in comparison with TCPS and virgin PCL
* indicates that the sample was significantly different from PCL with p<0.01
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TCPS PCL PCL-g-PA A Collagen Collagen Collagen Chitosan Chitosan
marine type I type IV  15000 83000

Materials

F ig u r e  4 .2 3  I n  v i t r o  c e l l  p ro lifer a tio n  ratio  o f  H E K 0 0 1  o n  P C L -g -P A A  b e fo r e  and  
after b io m o le c u le  im m o b iliz a t io n  in  co m p a r iso n  w ith  T C P S  an d  v irg in  P C L  
* in d ic a te s  that th e  sa m p le  w a s  s ig n if ic a n tly  d ifferen t fro m  P C L  w ith  p < 0 .0 1

4 .5 .2  F ib r o b la s t  ( L 9 2 9 )  C e l l  C u ltu r e

In th e  c a s e  o f  f ib ro b la st L 9 2 9 , P C L  had  c e ll  a d h e s io n  ratio  at 69% , s lig h tly  
b etter  th an  th e  v a lu e  o b se r v e d  for  H E K 0 0 1 . T h e  c e ll  a d h e s io n  ratio  and  p ro lifera tio n  
ratio o f  P C L , a m in o ly z e d  P C L  and  a m in o ly z e d  P C L -b io m o le c u le s  sh o w n  in  F ig u res  
4 .2 4  and  4 .2 5 ,  r e s p e c t iv e ly , fo l lo w e d  a  sim ila r  trend  w h ic h  h a s b e e n  p r e v io u s ly  
o b se r v e d  fo r  H E K 0 0 1 . T h e  su rfa ce  m o d if ic a tio n  an d  b io m o le c u le  im m o b iliz a tio n ,  
h o w e v e r , s e e m  to  h a v e  a  m o re  p ro n o u n ced  e f fe c t  o n  th e  c y to c o m p a t ib ili ty  tow a rd s  
L 9 2 9  fib r o b la sts  th an  H E K 0 0 1 . A m in o ly z e d  P C L -c o lla g e n  ty p e  I w h ic h  is  th e  b est  
su b strate  p o s s e s s e d  a s  h ig h  a s  99 %  a d h e s io n  ratio  o f  L 9 2 9  w h e r e a s  88%  c e ll  
a d h e s io n  ratio  w a s  o b se r v e d  in  th e  c a se  o f  H E K 0 0 1 .
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Materials

F ig u r e  4 .2 4  I n  v i t r o  c e l l  a d h e s io n  ra tio  o f  L 9 2 9  on  a m in o ly z e d  P C L  b e fo re  an d  after  
b io m o le c u le  im m o b iliz a t io n  in  c o m p a r iso n  w ith  T C P S  an d  v irg in  PC L  
* in d ic a te s  th a t th e  sa m p le  w a s  s ig n if ic a n tly  d iffe r e n t fro m  P C L  w ith  p < 0 .0 1

TCPS PCL Aminolyzed Collagen Collagen Collagen Chitosan Chitosan 
PCL marine type 1 type IV 15000 83000

Materials

Figure 4.25 In vitro cell proliferation ratio of L929 on aminolyzed PCL before and
after biomolecule immobilization in comparison with TCPS and virgin PCL
* indicates that the sample was significantly different from PCL with p<0.01



62

T h e  L 9 2 9  c e l l  a d h e s io n  and  p ro lifera tio n  ratio  o f  P C L , P C L -g -P A A  and  
P C L -g -P A A -b io m o le c u le s  are sh o w n  in  F ig u res  4 .2 6  an d  4 .2 7 .  T h e  resu lts  
c o n fo r m e d  to  w h a t p r e v io u s ly  d e sc r ib e d  for  H E K 0 0 1  c e ll  lin e . M o s t  o f  th e  su rfa ce-  
m o d if ie d  P C L  f ilm s  su s ta in e d  a s  h ig h  as 90%  c e ll  a d h e s io n  ra tio . T h e  ratio  o f  so m e  
f i lm s  e x c e e d e d  100%  o f  T C P S . In term s o f  b o th  c e ll  a d h e s io n  ratio  an d  c e l l  
p ro lifer a tio n  ra tio , P C L -g -P A A -c o lla g e n  ty p e  I s e e m s  to  b e  th e  b e s t  su b strate  n ot  
o n ly  for  H E K 0 0 1 , b u t a ls o  fo r  L 9 2 9 .

TCPS PCL PCL-g-PAA Collagen Collagen Collagen Chitosan Chitosan
marine type 1 type IV  15000 83000

Materials

F ig u r e  4 .2 6  I n  v i t r o  c e l l  a d h e s io n  ratio o f  L 9 2 9  o n  P C L -g -P A A  b e fo r e  and  after  
b io m o le c u le  im m o b iliz a t io n  in  c o m p a r iso n  w ith  T C P S  an d  v ir g in  P C L  
* in d ic a te s  th at th e  sa m p le  w a s  s ig n if ic a n tly  d iffe r e n t fro m  P C L  w ith  p < 0 .0 1
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TOPS P CL PCL-g-PAA Collagen Collagen Collagen Chitosan Chitosan
marine type I type IV  15000 83000

M a te r ia ls

F ig u r e  4 .2 7  I n  v i t r o  c e ll  p r o life r a tio n  ratio o f  L 9 2 9  o n  P C L -g -P A A  b e fo r e  an d  after  
b io m o le c u le  im m o b iliz a t io n  in  c o m p a r iso n  w ith  T C P S  an d  v irg in  PC L  
* in d ic a te s  th a t th e  sa m p le  w a s  s ig n if ic a n tly  d if fe r e n t  fr o m  P C L  w ith  p < 0 .0 1

A c c o r d in g  to  th e  s tu d y  o n  th e  c o m p a tib ility  b e tw e e n  c e l l s  an d  m a ter ia ls; the  
w a te r  c o n ta c t  a n g le  (h y d r o p h o b ic ity -h y d r o p h ilic ity ) , su r fa ce  fu n c tio n a l grou p , 
su r fa c e  fu n c tio n a l m o ie t ie s  and  su r fa c e  ch a rg e  are th e  m o s t  im p o rta n t factors  in  the  
a d h e s io n  o f  c e l l s  [1 9 ] . T h e  b etter c e l l  a d h e s io n  and  p r o life r a tio n  o f  a m in o ly z e d  PC L  
an d  P C L -g -P A A  m ig h t  b e  e x p la in e d  b y  the in c r e a se  in  h y d r o p h ilic ity . In p articu lar, 
it h a s  b een  a ls o  rep orted  th at p la c in g  N -c o n ta in in g  g r o u p s  su c h  a s  a m in e  o n  the  
su r fa c e  is  a d v a n ta g e o u s  to  c e ll  a d h e s io n  d u e  to  th e  fa c t  that a  fraction  o f  N -  
c o n ta in in g  g r o u p s  m ig h t  b e  p o s it iv e ly  ch a rg ed  at p h y s io lo g ic a l  p H  b e c a u se  o f  the  
p ro to n a tio n . A s  a  resu lt, th is  w o u ld  e n h a n ce  th e  in tera c tio n  b e tw e e n  th e  su r fa ce  and  
th e  c e l l s  w h ic h  carr ied  n e g a tiv e  c h a r g e  [1].

B e in g  th e  m a in  c o m p o n e n t  p ro te in  in  ex tr a c e llu la r  m atr ix  (E C M ), c o lla g e n  
ty p e  I h as th e  in f lu e n c e  o n  se v e r a l c e llu la r  r e sp o n se s  su c h  a s  a tta ch m en t and  
p ro lifer a tio n . T h is  p erh a p s a c c o u n ts  for the h ig h  e f f ic ie n c y  o f  c o l la g e n  ty p e  I in 
e n h a n c in g  c y to c o m p a t ib il i ty  o f  P C L  film s  a g a in st  b o th  c e l l  lin e s . C o n s id e r in g  the  
d ata  lis te d  in  T a b le  4 .4 ,  it is  rather u n fa ir  to  c o m p a r a t iv e ly  ju d g e  th e  e f f e c t iv e n e s s  o f  
e a c h  b io m o le c u le  b a se d  o n  th e  fact that its im m o b il iz e d  q u an tity , e x p r e s se d  in  term
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o f  N H 2 c o n c e n tr a t io n /su r fa c e  area, w a s  v a ried . O b v io u s ly , th e  e x te n t  o f  b io m o le c u le  
im m o b iliz a t io n  d e p e n d s  la r g e ly  o n  th e  d e n s ity  o f  a c t iv e  fu n c t io n a l grou p  (N H 2 or 
C O O H ) o b ta in e d  a fter su r fa c e  m o d if ic a t io n  (a m in o ly s is  o r  graft c o p o ly m e r iz a t io n ) .  
T h is  e x p la in e d  w h y  P C L -g -P A A  an d  P C L -g -P A A -b io m o le c u le  p o s s e s s e d  su p erior  
c y to c o m p a t ib ili ty  to  a m in o ly z e d  P C L  and  a m in o ly z e d  P C L -b io m o le c u le . D e sp ite  
th eir  lo w  im m o b iliz e d  d e n s ity  in  c o m p a r iso n  w ith  th e c o l la g e n  fa m ily , c h ito sa n  is  a 
r e a so n a b ly  g o o d  c a n d id a te  from  e c o n o m ic a l  p e r sp e c t iv e . C e llu la r  r e s p o n s e s  o f  so m e  
o f  P C L  f ilm s  im m o b i l iz e d  w ith  c h ito sa n  w er e  c o m p a r a b le  w ith  o r  e v e n  b etter  than  
s o m e  o f  P C L  f i lm s  im m o b iliz e d  w ith  c o lla g e n , e s p e c ia l ly  m a rin e  c o lla g e n .

T a b le  4 .4  A m o u n t  o f  a c t iv e  fu n c t io n a l g ro u p s (N H 2 o r  C O O H ) o b ta in e d  after  
su r fa ce  m o d if ic a t io n  an d  N H 2 d e n s ity  o n  th e  su r fa c e  o f  b io m o le c u le - im m o b il iz e d  
P C L  f i lm s

S u rface
m o d ifica tio n

ro u te

A c tiv e
fu n c tio n a l

g ro u p
(rn o l/cm 2)

N H 2 co n c e n tra tio n /su rfa c e  a rea  (m o l/cm 2) 
a fte r b io m o le c u le  im m o b iliza tio n

C o llag en
M arin e

C o llag en  
ty p e  I

C o lla g e n  
ty p e  IV

C h ito san
M W

15000

C h ito san
M W

83000

A m in o ly s is 6.30 X  10'8 1.05 X  10'8 0.94 X  10'8 0.79 X  10 8 0.23 X  10'8 0.27 X  10‘8

G raft
c o p o ly m e riz a tio n

9.10 X  10'8 1.66 X  10'8 1.22 X  10‘8 1.10 X  10'8 0.78 X  10'8 0.87 X  10‘8
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