
CHAPTER V
HYDROXYAPATITE/OVALBUMIN COMPOSITE PARTICLES AS MODEL 
PROTEIN CARRIERS FOR BONE TISSUE ENGINEERING: II. RELEASE

OF OVALBUMIN

5.1 Abstract

D iffe r e n t  startin g  m a ter ia ls  (natural and c h e m ic a l su b sta n c e s )  w e r e  
e m p lo y e d  fo r  sy n th e s iz in g  h y d ro x y a p a tite  (H A p ) p artic le s  as a p ro te in  carrier. E g g  
o v a lb u m in  (O V A ) , th e  m a in  co n stitu en t o f  e g g  w h ite  w ith  h ig h  fu n c tio n a lity  
in c lu d in g  m o d ify in g  H A p  p rop erties , w a s  u sed  a s  a m o d e l p ro te in . H A p  p artic le s  
w e r e  p rep ared  v ia  a c o -p r e c ip ita t io n  m eth o d  w ith  v a r io u s  am o u n ts o f  O V A  ( i .e ., 1, 2.. 
an d  3 g /5 0 0  m L  so lu t io n )  an d  pH  c o n d it io n s  ( i .e .,  7 and 9); a ls o , th e  c h em ica l  
p ro p erties  o f  th e  o b ta in ed  H A p  p a rtic le s  w er e  in v estig a ted . T h e  in corp orated  and  
r e le a se d  a m o u n ts  o f  O V A  from  the H A p /O V A  p a rtic le s  w e r e  e x a m in e d . B oth  
in co rp o ra ted  an d  r e lea sed  O V A  c o n ten ts  s lig h tly  in crea se  w ith  in c r e a s in g  the in itia l 
a m o u n t o f  O V A , but s ig n if ic a n tly  in crea se  w ith  lo w e r in g  pH  v a lu e . B e s id e s , a larger  
n u m b er o f  O V A  in co rp o ra ted  and r e lea sed  w er e  o b se r v e d  in  th e  o b ta in ed  carriers  
sy n th e s iz e d  fro m  th e c h e m ic a l starting m ateria l co m p a red  to th e  natural o n e . The 
re le a se d  p r o f ile s  d em o n stra ted  a  s lo w ly  r e le a s in g  b eh a v io r  w ith in  2 1  d a y s , fo llo w e d  
b y  a  p la tea u  r e le a se  w ith o u t  th e  in itia l b u rstin g , s u g g e s t in g  that th e  O V A  re lea se  w a s  
c le a r ly  p r o lo n g e d  b y  the in co rp o ra tio n . T h is  re le a se  ch a ra cter istic  c o u ld  b e  p ro m isin g  
fo r  b o n e  t is s u e  e n g in e e r in g  a p p lic a tio n s .

(Key-words: H y d ro x y a p a tite ;  O va lb u m in ; C o m p o s ite  p artic les)

5.2 Introduction

T o  b e  b o n e  su b stitu te s  a s  o r th o p ed ic  or  d en ta l p ro sth e se s , a r tif ic ia l m ater ia ls  
w ith  the c h e m ic a l and m o r p h o lo g ic a l s im ila r ity  to th e  natural b o n e  are required  
(S o p y a n , 2 0 0 7 ;  C a ru ten u to , 1 9 9 9 ). A  la rge  n u m b er o f  b io m a ter ia ls  h a v e  b een  w id e ly  
in v e s t ig a te d  a s  th e  sy n th e tic  b o n e  su b stitu te s  (K o k u b o  e t  a i ,  2 0 0 3 ) .  O w in g  to its
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m in era l p h a se  r e se m b la n c e  to h u m an  b o n e , H y d ro x y a p a tite  (H A p ) , o n e  o f  c a lc iu m  
p h o sp h a te  (C a P ) b a sed  cera m ic  m a ter ia ls , h as b e e n  a p p lied  in  v a r io u s  m e d ic a l  
a p p lic a t io n s  su ch  a s  d en ta l im p la n ts , drug d e liv e r y  sy s te m s , an d  so  forth. M o re  
im p o rta n tly , th is  b io a c t iv e  cera m ic  is  th e  b e s t  for  in d u c in g  o s t e o g e n e s is  an d  n e w  
b o n e  fo rm a tio n  in  so ft  t is s u e s  (W a n g , 2 0 0 7 ;  K risa n a p ib o o n , 2 0 0 6 ) .

C o n s id e r in g  th e  sev era l u tiliz a tio n s  o f  H A p  in  c lin ic a l f ie ld s , m a n y  
p rep ara tio n  m eth o d s o f  H A p  p a rtic le s, in c lu d in g  e le c tr o c h e m ic a l sy n th e s is  (D jo s ic  e t  
a l . ,  2 0 0 8 ) ,  re f lu x  p roced u re  (Y e  e t  a i ,  2 0 0 8 ) ,  ca p illa ry  m ic r o flu id ic  te c h n iq u e  (S h u m  
e t  a l . ,  2 0 0 9 ) ,  h yd ro th erm al treatm ent (W a n g  e t  a l . ,  2 0 0 6 ) , m ic r o e m u ls io n  rou te  
(K o u m o u lid is  e t  a i ,  2 0 0 3 ) ,  p rec ip ita tio n  (S a n to s  and  V isw a n a th , 2 0 0 8 ) ,  and  s o l -g e l  
ap p ro ach  ( B o s e  e t a l . ,  2 0 0 3 )  h av e  b e e n  reported . B e s id e s , n u m e r o u s  b io su r fa c ta n ts  
h a v e  a ls o  b e e n  p resen ted  to b e  e f f ic ie n t  te m p la te s  for p a rtic le  s iz e ,  sh a p e , and  
m o r p h o lo g y . F or in s ta n c e , y ea st c e l l s ,  su c r o se , an d  e v e n  p ro te in s  w e r e  e m p lo y e d  as  
tem p la te  m a ter ia ls  to  im p r o v e  the su r fa ce  area and th e  form atio n  o f  th e  H A p  p a r tic le s  
(B o s e , 2 0 0 3 ;  H e, 2 0 1 0 ;  Z h ao, 2 0 0 8 ) .  A m o n g  th em , the p ro te in s  h a v e  b een  
d o c u m e n te d  to h a v e  better b io c o m p a tib ility  an d  m ore su ff ic ie n t  h e m o sta t ic  
p ro p erties  (S iv a k u m a r  e t  a l .,  2 0 0 2 ) . T h u s, th e  co m b in a tio n  o f  p ro te in s o n  ap a tite  
fo rm s h a s b e e n  e x te n s iv e ly  stu d ied  to  a n a ly z e  th e  p r o te in -r e lea sed  c h a r a c ter is tic s  for  
e n h a n c in g  o s te o in d u c t io n  (L iu  e t  a l . ,  2 0 0 1 ) .  E g g  o v a lb u m in  (O V A ) , a s ta b le  and  
in e x p e n s iv e  p rotein  r ea d ily  ex tracted  from  e g g  w h ite , can  lea d  to  e ith er  c o n tr o lle d  
H A p  g r o w th s  or m o d if ie d  H A p  p rop erties . W ith  its fu n c tio n a l gro u p s, th is  
p h o sp h o g ly c o p r o te in  h a s stron g n e g a tiv e  d ip o le s  to  ch e la te  th e  free  C a2+ c a t io n s  in  
c a lc iu m  p h o sp h a te  s o lu t io n  (Z h ao e t  a l . ,  2 0 0 8 ) . H e n c e , it is o f  in terest to  in co rp o ra te  
O V A  d u rin g  H A p  fo rm a tio n  to g en era te  p ro te in  carriers for th e  r e le a se  a p p lic a tio n s .

H ere in , w e  p erfo rm ed  tw o  k in d s  o f  startin g  m ater ia ls  w ith  v a r io u s O V A  
c o n te n ts  ( i .e . ,  1, 2 , an d  3 g /5 0 0  m L  so lu t io n )  and  p H  v a lu es  ( i .e . ,  7  and  9 )  th ro u gh  a 
s im p le  c o -p r e c ip ita t io n  m eth o d  for O V A -in c o r p o r a te d  H A p  (H A p /O V A )  sy n th e s is .  
F irstly , w e  p u rp o se  e g g  sh e lls  (C a O ) a s  a c a lc iu m  so u rce  an d  H3PO4 a s  a 
p h o sp h o r o u s  sou rce . S e c o n d ly , C a lc iu m  carb on ate  (C a C O i) an d  C a lc iu m  h y d r o g e n  
p h o sp h a te  d ih yd ra te  (C a H P 0 4 .2 H 2 0 ) w er e  u se d  as c a lc iu m  an d  p h o sp h o ro u s  
so u r c e s , r e sp e c tiv e ly . T h e  co m p a ra tiv e  s tu d ie s  o f  th e se  tw o  c a s e s  O V A  carriers w e r e  
ev a lu a te d . A ls o , the lo a d e d  ca p a c it ie s  and  re le a se  k in e t ic s  o f  O V A  w e r e  e x a m in e d .
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5.3 Experimental

5 .3 .1  M a ter ia ls
A ll  c h e m ic a l r e a g en ts  in c lu d in g  c a lc iu m  h y d r o g e n  p h o sp h a te  

d ih yd ra te  (C a H P 0 4 .2 H 2 0 , A .R . gra d e , F lu k a ), c a lc iu m  ca rb o n a te  (CaCC>3 , A .R  
gra d e, C arlo  E rb a), n itric  a c id  (HNO3, A .R . gra d e, L a b sc a n ), p h o sp h o r ic  ac id  
(H3PO4, A .R . gra d e, L a b sca n ), tr is (h y d r o x y m e th y l)-a m in o m e th a n e  (tr is -b a se , A .R . 
gra d e, S ig m a ), an d  e g g  o v a lb u m in  (O V A , gra d e II, S ig m a -A ld r ic h )  w e r e  u sed  
w ith o u t  further p u r if ica tio n . C aO  from  e g g  s h e lls  w a s  p rep ared  fo l lo w in g  the  
p r e v io u s  report o f  R iv e r a  e t  a l. (1 9 9 9 ) .

5 .3 .2  S y n th e s is  o f  H y d r o x y a p a tite /O v a lb u m in  C o m p o s ite  P a rtic les
H A p  and  H A p /O V A  p a rtic le s  w er e  p rep ared  b y  c o -p r e c ip ita t io n  

m eth o d . In th e  ty p ic a l p roced u re , 2 .0 0  g  o f  C a H P 0 4 .2 H 2 0  (a s  a p h o sp h o r o u s  so u r c e )  
and  0 .7 9  g  o f  C a C 0 3  (a s  a  c a lc iu m  so u r c e )  w e r e  d is s o lv e d  in  1 M  H N O 3 2 5  m l 
u n d er g e n tle  stirr in g  at 7 0  °c for 2  h and  th e pH  o f  th e  s o lu t io n  w a s  k ep t to  2 . O V A  
w e r e  su b se q u e n tly  ad d ed  in  th e  in it ia l a m o u n ts  o f  1, 2 , and  3 g /5 0 0  m L  o f  th e  m ix e d  
s o lu t io n  at roo m  tem peratu re. 2 0 0  m L  o f  1 M  an d  2 M  tr is -b a se  so lu t io n  w e r e  then  
p ou red  in to  th e  m ix tu re  g en era tin g  th e p r e c ip ita tio n  at p H  7 an d  pH  9 , r e sp e c t iv e ly . 
T h e  p recu rsor so lu t io n  w a s  stirred  v ig o r o u s ly  to y ie ld  a  h o m o g e n e o u s  p rod u ct. T h e  
p rod u ct w a s  th en  f iltered  o f f  an d  w a sh e d  se v e r a l t im e s  w ith  d e io n iz e d  w a ter . A fter  
c e n tr ifu g a tio n , th e  r esu ltin g  m ateria l w a s  fr e e z e -d r ie d  for  4 8  h to  o b ta in  th e  fin e  
p o w d e r  p rod u cts . T h e  s im ila r  p r o c e ss  w ith  th e  u se  o f  1 .25  g  o f  C aO  an d  1 .5 0  g  o f  
H3PO4 a s c a lc iu m  and p h o sp h o r o u s  so u r c e s , r e s p e c t iv e ly , w a s  p er fo rm ed  for  
c o m p a r iso n . W ith  m a n y  c o n d it io n s  m e n tio n e d  a b o v e , th e  sa m p le  n a m e s  w ere  
sp e c if ie d  as sh o w n  in  T a b le  5 .1 .
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Table 5.1 E x p e r im e n ta l c o n d it io n s  o f  H A p  an d  H A p /O V A  p a rtic le s

S tartin g  M a ter ia l In itia l A m o u n t o f  
O V A  (g )

p H  C o n d it io n S a m p le  N a m e

C a C 0 3 + 0 7 O D -7
C a H P 0 4 .2 H 20 1 7 I D -7

2 7 2 D -7
3 7 3 D -7
0 9 O D -9
1 9 I D - 9
2 9 2 D -9
3 9 3 D -9

C aO  (E g g  S h e lls )  + 0 7 OE-7
h 3p o 4 1 7 IE -7

2 7 2 E -7
3 7 3 E -7
0 9 OE-9
1 9 I E -9
2 9 2 E -9
3 9 3 E -9

5 .3 .3  C h a racter iza tio n
T h e  cry sta llo g r a p h ic  p h a se s  o f  th e  H A p /O V A  p a rtic le s  w e r e  a n a ly zed  

b y  X -ra y  d iffr a c to m e te r  (W D X R D , D /M A X  2 0 0 0  se r ie s  R ig a k u ) w ith  an  in c id e n t X - 

ray w a v e le n g th  o f  1 .54  Â  (C u  K a  lin e )  at th e  sc a n n in g  rate o f  0 .0 2 °  p er  m in u te  o v e r  

a  ran g e  o f  2 0  from  5° to 6 0 °  w ith  J C P D S  d atab ase  ( 9 -4 3 2 ) .  F ou rier  transform  
in frared  (F T -IR ) sp ectro gra p h  carr ied  o u t o n  a N ic o le t  N e x u s  sp ec tr o m e te r  (N E X U S  
6 7 0 , N ic o le t )  w a s  p erfo rm ed  u s in g  th e K B r p e lle t  te c h n iq u e , w o r k in g  in the  
w a v e le n g th  from  4 0 0 0  to 4 0 0  cm "1. T h e structural m o r p h o lo g y  im a g e s  w e r e  recorded  
o n  a tr a n sm iss io n  e le c tr o n  m ic r o s c o p e  (T E M , J E M -2 1 0 0 , J E O L ) w ith  an  a cce lera tio n
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v o lta g e  o f  2 0 0  k v .  E n e r g y  d is p e r s iv e  X -r a y  (E D X ) e le m e n t a n a ly s is  o f  th e  sa m p le s  
w a s  a lso  in v e s t ig a te d  w ith  sc a n n in g  e le c tr o n  m ic r o sc o p e  (S E M , J S M -5 4 1 0 L V , 
JE O L ) o p era ted  at 15 k V . T h e  a v e r a g e  p ore  d ia m eters  o f  the o b ta in e d  p a rtic le s  w er e  
ta k en  o n  au toso rb -1  in stru m en t ( A S -1 ,  Q u a n ta ch ro m e) u s in g  p h y s iso r p tio n  o f  
n itro g en  at tem p era tu re o f  7 7  K . T h erm o g ra v im etr ic  a n a ly s is  (T G A , T G A 7 , P erk in  
E lm er) w a s  carr ied  ou t o n  th e  d ried  sa m p le s  (5  m g ) to  e x a m in e  th e  r e la tiv e  am o u n t  
o f  O V A  in co rp o ra ted  in  H A p  p a rtic le s  w ith  a h e a tin g  rate 1 0 ° /m in  u n d er a f lo w in g  
air a tm o sp h ere .

5 .3 .4  R e le a se  K in e t ic s  o f  O v a lb u m in
A b o u t 2 0  m g  o f  H A p  an d  H A p /O V A  p a rtic le s  w e r e  im m ersed  in  10  

m l p h o sp h a te  b u ffer  s o lu t io n  at p H  7 .4 , in  w h ic h  m a tc h e s  th e  n orm al b o d y  and b lo o d  
s y s te m  o f  a  h u m an  b e in g . T h e  c o n tr o lle d  r e le a se  sy s te m s  w ere  sh a k e n  in  the w ater  
b ath  w ith  a stirr in g  rate o f  7 0  rpm  at 3 7  °c. T h e a m o u n t o f  O V A  r e lea sed  in the  
su p ern atan t w a s  m ea su red  at v a r io u s  t im e  p o in ts  b y  U V -V IS  sp ec tr o p h o to m e te r  
( บ V - 1 8 0 0 )  at the w a v e le n g th  o f  2 8 0  n m  th ro u gh  th e u se  o f  a p re-d eterm in ed  
stan dard  c a lib ra tio n  cu rv e . F u rth erm ore, th e  g ra v im etr ic  a n a ly s is  w a s  u sed  to  
c o n fir m  th e  a m o u n t o f  O V A  lo s t  a fter 21  d ay s.

5 .3 .5  S ta tis tica l A n a ly s is
A ll q u a n tita tiv e  e x a m in a tio n s  w e r e  c o lle c te d  in  tr ip lica te  and  the  

resu lts  w e r e  p resen ted  a s  m e a n s  and  standard  d e v ia t io n s . S ig n if ic a n c e  b e tw e e n  the  
m e a n  v a lu e s  w a s  d e te r m in e d  b y  A N O V A  o n e -w a y  a n a ly s is  u s in g  T u k e y ’s test for  
v a r ia n c e s  at a  95%  c o n f id e n c e  le v e l.

5.4 Results and Discussion

5 .4 .1  M ateria l C h a ra c ter iza tio n
T h e fo rm a tio n  o f  H A p  p a r tic le s  w a s  a scerta in ed  b y  X -ra y  d iffra c tio n  

(X R D )  a n a ly s is . T h e X R D  p attern s o f  th e  H A p /O V A  p a rtic le s  w ith  particu lar p eak s  
a scr ib ed  to  th e  la ttice  c o n s ta n t  o f  H A p  a c c o r d in g  to  th e  J C P D S  ( 9 -4 3 2 )  w er e  in g iv e n  
in  the c o m p a ra tiv e  chart o f  F ig u re  5 .1 . F rom  th e  resu lts , the p r e se n c e  o f  th e  O V A
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d u rin g  th e sy n th e s is  d o e s  n ot h a v e  an  in f lu e n c e  o n  th e  structural d e v e lo p m e n t o f  
H A p . B e s id e s ,  n o  d if fe r e n c e  in  H A p /O V A  ch a ra cter istic  d if fr a c tio n  p eak s w a s  
p e r c e iv e d  fo r  a ll c a s e s  g iv e n  a b o v e . T h e s e  X R D  d ata  a lso  s h o w  p o o r ly -c r y s ta lliz e d  
tra ces o f  th e  p o w d e r s  d u e  to w a ter  su b lim a tio n  in  th e  fr e e z e -d r y in g  p r o c e s s  (Ja lo ta  e t  
a l ,  2 0 0 7 ) , r e su ltin g  in  e s t im a te d  c r y s ta llite  s iz e s . C a lc u la tio n s  o f  th e  c r y sta llite  s iz e  
u s in g  the S ch errer  e q u a tio n  w er e  p erfo rm ed  for th e  (0 0 2 )  r e f le c t io n  peak  
c o r r e sp o n d in g  to  2 0  =  2 6 °  b e c a u se  o f  w e l l  r e so lv e d  ch a ra c ter is tic s  (S u ru  e t a l . ,  2 0 0 5 ) .  
T h e  m ea n  s iz e s  o f  c r y s ta llite s  are w ith in  th e  ran ge o f  1 6 -2 0 n m .

( 211)

20  30  40  50

2 Theta (degree)

Figure 5 .1  X R D  p attern s o f  (a ) I D - 7 , (b )  I D - 9 , (c )  IE -7 , and  (d )  IE -9 .

F ig u re  5 .2  e x h ib its  th e  F T -IR  sp ectra  o f  the H A p /O V A  p a rtic le s. T h e  
IR  sp ec tra  o f  p ure O V A  and H A p  are a lso  sh o w n  for c o m p a r iso n . T h e  O V A  
sp ectru m  d isp la y e d  th e  ty p ic a l b an d s at 3 2 9 9  c m '1, 1 6 5 2  c m '1, 1 5 3 9  c m '1, and  1 4 5 7  
c m ' 1 rep resen ted  to  th e  n itr o g e n -h y d r o g e n  stre tch  (N -H ) , th e  c a r b o n y l v ib ra tion  
( C = 0 ) ,  th e  c a r b o n -n itr o g e n  v ib ra tio n  (C -N ) , and the stre tch in g  v ib ra tio n  o f  carb o n -  
h y d r o g e n  (C -H ), r e s p e c t iv e ly  (Z h a o  e t  a i ,  2 0 0 8 ) . T h e sp ectru m  o f  pure H A p  
d em o n str a te s  th e  a d so r p tio n  b an d s at 3 5 6 9  c m ' 1 a s s ig n e d  to  O H  s tre tch in g , 1 6 3 0  c m  1
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a ss ig n e d  to  O H  v ib ra tio n  o f  th e  a p a titic  gro u p , 10 3 5  c m ' 1 a s s ig n e d  to  P 0 43' s tre tch in g  
v ib ra tio n , a s  w e l l  a s  6 0 1  c m ' 1 and 5 6 3  c m ' 1 a s s ig n e d  to  P O 43" d e fo r m a tio n  v ib ra tio n  
(S u w a , 1 9 9 3 ; X u , 2 0 0 7 ) .  T h e  b an d s at 1 6 5 4  c m ' 1 and 1 5 3 9  c m "1 o f  H A p /O V A  
sp ectra , th ere fo re , a sc e r ta in e d  that O V A  w e r e  in co rp o ra ted  in  th e  H A p  p a r tic le s .

Wavenumber (cm'1)

Figure 5 .2  F T -IR  sp ec tra  o f  (a ) O D -7, (b )  I D -7 , ( c )  I D -9 , (d ) I E -7 , ( e )  I E -9 , and  (1) 
a s -r e c e iv e d  O V A  in  its  d ry  sta te.

E D X  a n a ly s is  w a s  p erfo rm ed  to g iv e  further c o n fir m a tio n  o f  a  m o la r  
C a /P  ra tio  o f  th e  sa m p le s . T h e  E D X  ch a ra cter istic  p eak s in d ica ted  th e  e x is te n c e  o f  
c a lc iu m  (C a ) and p h o sp h o r o u s  (P )  w ith  p rop ortion a l c o u n ts  ( s e e  F ig u re  5 .3 ) . T h e  
a v e r a g e  m o la r  C a /P  ratio  o f  th e  o b ta in ed  sa m p le s  sy n th e s iz e d  b y  u s in g  th e  c h e m ic a l  
sta rtin g  m a ter ia l are in  th e  ran ge o f  1 .6 7 -1 .6 8 , w h ic h  is  v ery  c lo s e  to  th e  id ea l o n e  o f
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1 .6 7  fo r  H A p  in  h u m a n  b o n e , w h ile  th o se  o f  th e  o b ta in ed  sa m p le s  s y n th e s iz e d  from  
th e  n atural startin g  m ater ia l are in  th e  range o f  1 .6 2 -1 .6 5 . N o n e th e le s s , th ere  w e r e  not 
s ta tis t ic a lly  s ig n if ic a n t  d if fe r e n c e s  o f  the a v e r a g e  m olar C a /P  ratio  o f  b o th  startin g  
m a ter ia ls .

Figure 5 .3  E D X  ch a ra cter istic  p ea k s  o f  (a) I D - 7 ,  (b ) I D -9 , ( c )  I E -7 , an d  (d )  IE -9 .

T h e  H A p /O V A  p a rtic le s  w er e  a ls o  e x a m in e d  b y  tr a n sm is s io n  e lec tro n  
m ic r o s c o p y  (T E M ). T h e  rep resen ta tiv e  T E M  m icro g ra p h s o f  th e  sa m p le s  s y n th e s iz e d  
fro m  b o th  startin g  m a ter ia ls  at p H  7  and 9  w ith  th e  in itia l O V A  a m o u n t o f  1 g  sh o w  
litt le  d if fe r e n c e  in  m o r p h o lo g y  ( s e e  F igu re 5 .4 ) . For a ll th e  o b ta in e d  s a m p le s , the  
p rim a ry  p artic le s  h a v e  a ro d -lik e  sh ap e w ith  d im e n s io n s  o f  3 - 1 0  n m  in  d ia m e te r  and  
1 5 - 3 0  n m  in len g th . H o w e v e r , it w a s  n o t ic e d  that th e  s iz e s  o f  p rim ary p a rtic le s  
s l ig h t ly  in crea se  w ith  a h ig h er  a m o u n t o f  O V A  in it ia lly  ad d ed  and  a lo w e r  pH  
c o n d it io n .
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Figure 5 .4  R e p resen ta tiv e  T E M  m icro g ra p h s o f  (a ) I D -7 , (b )  I D - 9 , ( c )  I E -7 , and  
(d )  IE -9 .

5 .4 .2  O V A -In c o r p o r a tin g  D e te r m in a tio n
T h e  p h y s i-so r p tio n  o f  n itr o g e n  w a s  p er fo rm ed  to c o l le c t  th e  a v e r a g e  

p o re  d ia m eters  o f  the pure H A p  and H A p /O V A  p a r tic le s  ( s e e  T a b le  5 .2 ) . T h e  
a v e r a g e  p ore s iz e s  o f  H A p  p a rtic le s  w ith  th e  p r esen ce  o f  O V A  are larger  than  th o se  
o f  th e  a b se n c e  o n e s , s u g g e s t in g  th e  in co rp o ra tio n  o f  O V A  w ith in  H A p  p a r tic le s  by  
b o n d  form atio n . T h e  m e c h a n ism  w a s  that th e  ca rb o n y l gro u p  an d  th e  p h o sp h o r o u s  
g ro u p  o f  O V A  h av e  n e g a tiv e  d ip o le s  w h ic h  co u ld  c h e la te  th e  free  C a 2+ io n s;  
su b se q u e n tly , th e  P O 43" io n s  m a y  b on d  w ith  O V A -a ss o c ia te d  c a lc iu m  to  g en era te  
H A p /O V A  a g g r e g a te s  (Z h a o  e t  a l ,  2 0 0 8 ) . O V A , fu rth erm ore, c o u ld  b e  a d so rb ed  o n  
th e  H A p  su r fa c e s  b y  th e  cr y sta l su rfa ce  a rea  a v a ila b le  fo r  g ro w th  (I jn te m a  e t  a l . ,
1 9 9 4 ). W h en  c o n s id e r in g  H A p /O V A  p a r tic le s , th e  a v e r a g e  p o r e  d ia m e te r s  at lo w e r  
p H  are b ig g e r  than th o se  at h ig h er  pH . A t th e  sa m e  pH , th e  a v e r a g e  p o re  d ia m eters  o f
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th e  H A p /O V A  p a rtic le s  sy n th e s iz e d  fro m  th e c h e m ic a l startin g  m ater ia l d isp la y  the  
h ig h er  v a lu e s  th an  th o se  o f  th e  H A p /O V A  p a rtic le s  sy n th e s iz e d  fro m  th e natural o n e . 
T h e  a v era g e  p o re  d ia m eters , n e v e r th e le s s , are q u ite  s im ila r  in  c a s e  o f  v a r y in g  th e  
in itia l a m o u n ts  o f  O V A . T h ere fo re , it c o u ld  b e  a ssu m e d  that th e  d if fe r e n c e  in th e se  
in itia l a m o u n ts  o f  O V A  ad d ed  h as a  litt le  in f lu e n c e  o n  th e  a v era g e  p o re  s iz e .

F or th erm al b e h a v io r , T G A  p r o file s  o f  th e  o b ta in e d  H A p  and  
H A p /O V A  p o w d e r s  prep ared  in  se v e r a l c o n d it io n s  are p resen ted  in  F ig u re  5.5. T h e  
m a ss  lo s s  c o u ld  b e  d ifferen tia ted  in to  fo u r  r e g io n s  in  th e  in v e s t ig a te d  tem p era tu re  
ran g e  o f  (1 )  60-200°C, (2) 200^100 °c, (3) 400-780 °c, and (4 )  780-1200 °c. T h e  
m a ss  lo s s  b e lo w  200 °c w a s  attr ib uted  to  th e  lo s s  o f  a d so rb ed  w a ter . F rom  200-400 
°c, an o b v io u s  m a ss  lo s s  w a s  d e te c te d  d u e  to  th e  lo s s  o f  tris- b a se  (e n d o th e r m ic  p eak  
arou n d  240 °C), O V A  (e n d o th e r m ic  p e a k  arou n d  330 °C), an d  o th er  ab so rb ed  
sp e c ie s . T h e  m a ss  lo s s  b e tw e e n  400 an d  780 °c c o r r e sp o n d e d  to  th e  d e c o m p o s it io n  
o f  rem ain ed  o r g a n ic  r e s id u e s  w a s  rather sm a ll for a ll p a rticu la te  H A p  sa m p le s . 
A b o v e  780 °c, a  v ery  sm a ll tran sition  w a s  m a in ly  attr ib uted  to  th e  w e ig h t  lo s s  o! 
carb o n ate . T h e  a ctu a l c o n te n ts  o f  O V A  in co rp o ra ted  w ith in  H A p  p a r tic le s  b a se d  o n  
th e  total a m o u n t o f  5 m g  o f  the d r ied  sa m p le s  are s h o w n  in  T a b le  5.2. A ll th e se  
v a lu e s  c o u ld  b e  d e term in ed  from  th e  T G A  resu lt, w h ic h  w e r e  in  th e  ran ge o f  5.24 
8.01, 6.01-9.32, and  6.39-9.94% for  th e  in itia l a m o u n ts  o f  O V A  ad d ed  o f  1, 2, an d  3 
g , r e sp e c t iv e ly , for  th e  H A p /O V A  p a r tic le s  sy n th e s iz e d  from  b o th  startin g  m a ter ia ls  
at b oth  p H . T h e  th eo re tica l c o n te n ts  o f  O V A  in co rp o ra ted  in to  H A p  p a r tic le s  
sy n th e s iz e d  fro m  b oth  startin g  m a ter ia ls  are arou n d  26, 42, an d  52 w t%  for 1, 2, and  
3 g  o f  the in itia l a m o u n ts  o f  O V A  a d d ed , r e sp e c tiv e ly . F or a ll th e  o b ta in ed  sa m p le s , 
th e  m a ss  lo s s  s l ig h t ly  in crea sed  w h e n  in c r e a s in g  th e in itia l a m o u n ts  o f  O V A , w h ic h  
m ean t that th e  am o u n ts  o f  O V A  in co rp o ra ted  d id  n o t s ig n if ic a n tly  in crea se  w ith  th e  
in crea se  o f  th e  in itia l c o n te n ts  o f  O V A . H o w e v e r , a larger q u an tity  o f  O V A  
in co rp o ra ted  w a s  n o t ic e d  in  th e  H A p /O V A  p a rtic le s  s y n th e s iz e d  from  th e  c h e m ic a l  
startin g  m ater ia l co m p a red  to  th o se  p rep ared  fro m  th e natural o n e . T h e  ty p e  o f  
startin g  m a ter ia l, th erefo re , c a u se d  h o n e s t ly  s ig n if ic a n t  d if fe r e n c e s  in  th e  O V A -  
in co rp o ra ted  c o n te n t (p  <  0.05). A  lo w e r  pH  in  th e  s y n th e s is  p ro ced u re  r esu lted  in a 
s ig n if ic a n tly  grea ter  am o u n t o f  O V A  in co rp o ra ted  for b o th  sta rtin g  m a ter ia ls  ( p  <
0 .0 5 )  b e c a u se  there is  th e  e le c tr o s ta t ic  r ep u ls io n  fo r c e  b e tw e e n  O V A  an d  H A p ,
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which predominates in a higher pH solution (pH 9) compared to a lower pH solution 

(pH 7). As a result, the increase in pH solution decreased the amount o f OVA 

incorporated (Liu et a!., 2005).

Table 5.2 Physico-chemical characteristics o f HAp and HAp/OVA particles

S a m p le A v e r a g e  P ore  
D ia m e te r  (n m )

O V  A -In co rp o ra ted  
A m o u n t (% )

O V A -R e le a s e d  
A m o u n t (% )

0 D -7 9 .4 3  ±  0 .0 2 - -
I D -7 1 6 .4  ะt  0 .1 5 8 .01  ± 0 . 9 2 5 7 .5  ± 3 .7 1
2 D -7 16 .8  ±  0 . 1 1 9 .3 2  ± 0 . 3 7 6 0 .0  ± 4 . 1 0
3 D -7 1 6 .9  ± 0 . 0 7 9 .9 4  ±  0 .9 6 6 2 .0  ± 3 .8 2
0 D -9 8 .6 9  ± 0 . 1 4 - -
I D -9 1 3 .7  ± 0 .1 8 7 .5 4  ± 0 . 8 3 4 2 .1  ± 2 .7 3
2 D -9 1 4 .2  ± 0 .0 6 7 .9 9  ±  0 .6 8 4 3 .7  ± 2 . 9 0
3 D -9 14 .8  ± 0 .0 3 8 .21  ± 0 . 7 4 4 4 .0  ±  1 .95
0 E -7 8 .91  ± 0 . 1 9 - -
IE -7 1 5 .0  ± 0 .1 4 6 .1 7  ± 0 . 4 5 50 .1  ± 3 . 0 6
2 E -7 15 .3  ± 0 . 2 7 7 .61  ± 0 . 3 3 5 2 .6  ± 2 .8 1  !
3 E -7 1 5 .6  ± 0 . 2 9 8 .8 9  ± 0 . 8 7 5 4 .2  ± 3 . 6 6
OE-9 8 .1 8  ± 0 .0 3 - -
IE -9 13 .5  ± 0 . 2 2 5 .2 4  ±  0 .7 2 3 8 .8  ± 1 .1 3
2 E -9 1 3 .9  ± 0 .2 6 6 .01  ± 0 . 7 9 4 0 .3  ±  2 .0 9
3 E -9 14 .3  ±  0 .1 5 6 .9 3  ±  0 .4 4 4 0 .8  ±  1.84
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Figure 5.5 T G A  p r o f ile s  o f  H A p  an d  H A p /O V A  p a rtic le s  sy n th e s iz e d  at v a r io u s  
c o n d it io n s .

5 .4 .3  R e le a se  K in e tic s  o f  O v a lb u m in
T h e  r e le a se  e x p e r im e n ts  o f  O V A , carried  o u t in  P B S  (p H  7 .4 )  to  

s im u la te  th e  lo c a l pH  o f  th e  h o m e o sta t ic  b o d y  f lu id , w e r e  p erfo rm ed  for all 
p a rticu la te  H A p  and  H A p /O V A . T h e  r e le a se  p r o f ile s  and th e re le a se  a m o u n ts  o f  
O V A  b a se d  o n  the a m o u n ts  o f  O V A  in co rp o ra ted  in to  H A p  p a r tic le s  are sh o w n  in  
F ig u re  5 .6  and  T a b le  5 .2 , r e s p e c t iv e ly . It w a s  fo u n d  that th e  o b ta in ed  H A p /O V A  
p a rtic le s  prep ared  fro m  b oth  sta rtin g  m a ter ia ls  d em o n stra ted  a s lo w  re lea se  b eh a v io r  
in c r e a se d  t im e  d e p e n d e n tly  w ith in  2 1  d ay s; a  p la tea u  re lea se  w a s  then  fo l lo w e d  and  
th e  b urst r e le a se  w a s  n o t o b se r v e d . T h e  s in g le -s ta g e  re lea se  p r o f ile s  o f  O V A  w ere  
a ss ig n e d  to  th e  O V A  m o le c u le s  in co rp o ra ted  in to  H A p  p a r tic le s  (H A p /O V A  
c o m p le x )  (L iu  e t  a l . ,  2 0 0 5 ) . T h e  c o m p le x  w a s  fo r m e d  b y  th e  a d so rp tio n  o f  O V  A  on  
th e  C a -s ite  o f  H A p  b y  io n ic  in tera c tio n  b e tw e e n  ca r b o x y l a c id  gro u p s o n  O V A  and
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th e  p o s it iv e ly  c h a r g e d  C a -s ite s . P h o sp h a te  io n s  fro m  P B S  c a n  b e  a lso  a d so rb ed  o n to  
th e  C a -s ite s , s o  th e  c o m p e t it io n  b e tw e e n  a c id ic  p ro te in  m o le c u le s  and p h o sp h a te  io n s  
o c c u r s , re su lt in g  in  O V A  d e so r p tio n  from  th e  H A p /O V A  p a rtic le s  (K a w a sa k i, 1990 ;  
A k a sa w a , 1 9 9 6 ). T h e  su sta in e d  r e le a se  p r o f ile s  o f  O V A , m o r e o v e r , c a n  b e  p o ss ib ly  
attr ib u ted  to th e  fo r m a tio n  o f  p o ro u s  structure o f  H A p  p a rtic le s. T h e  r e le a se  v a lu e s  o f  
O V A  fro m  th e H A p /O V A  p a rtic le s  s y n th e s iz e d  from  the natural sta rtin g  m ateria l 
after  3 5  d a y s  at p H  7  an d  9  w e r e  ab o u t 5 0 -5 4 %  and 3 8 ^ 4 1 % , r e sp e c tiv e ly . A  m ore  
su s ta in e d  O V A  r e le a se  w a s  fu lf i l le d  for  th e  H A p /O V A  p a rtic le s  p rep ared  from  the  
c h e m ic a l startin g  m a ter ia l. A ro u n d  5 7 -6 2 %  an d  42 ^ 4 4%  o f  O V A  w e r e  r e lea sed  out 
after  th e  sa m e  p e r io d  o f  t im e  for  pH  7 and  9 , r e sp e c tiv e ly . T h e  a m o u n ts  o f  O V A  

r e le a se d  from  th e  c h e m ic a l sta rtin g  m ateria l w er e  s ig n if ic a n tly  grea ter  than  th o se  
r e le a se d  fro m  th e  natural o n e  ( p  <  0 .0 5 ) . T h e  s ta tis tic a lly  h ig h e r  a m o u n ts  o f  O V A  

r e le a se d  w e r e  a lso  o b se r v e d  at p H  7  than th o se  o b se r v e d  at p H  9  (p  <  0 .0 5 ) .  T h is  is 
b e c a u s e  a  sm a lle r  am o u n t o f  tr is -b a se  ad d ed  led  to  a lo o se r  and w e a k e r  bond  
fo rm a tio n . T h e re fo re , th e  q u a n tity  o f  O V A  r e le a se d  c o n s id e r a b ly  r e lie s  o n  the pH  
c o n d it io n  and  th e  ty p e  o f  th e  startin g  m ater ia l. A l l  o f  th e  re lea se  p attern s a lso  
r e v e a le d  the in c o m p le te  r e le a se  o f  O V A  o w in g  to its in sta b ility  p r o b le m s su ch  as  
n o n -s p e c if ic  a d so rp tio n  an d  a g g r e g a tio n  (K im  e t  a l . ,  2 0 0 4 ) . E v en  th o u g h  a  h ig h er  
a m o u n t o f  O V A  in it ia lly  ad d ed  p ro v id ed  a  s lig h t ly  h ig h er  a m o u n t o f  O V A  re lea sed  
d e p e n d in g  o n  th e a ctu a l c o n te n t o f  O V A  in co rp o ra ted , the re le a se  v a lu e s  o f  O V A  

w e r e  s ta tis t ic a lly  th e  sa m e .
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F ig u r e  5 .6  R e le a s e  p r o f ile s  o f  O V A  from  th e  o b ta in ed  H A p /O V A  p a rtic le s  
sy n th e s iz e d  u n d er  d iffe r e n t c o n d it io n s .

5.5 Conclusions

P ro te in  carriers b ased  o n  H A p  p a r tic le s  w er e  d e s ig n e d  as p o ten tia l d e v ic e s  
fo r  th e  co n tr o lle d  r e le a se  sy s te m . H A p /O V A  p a rtic le s  w e r e  s u c c e s s fu lly  sy n th e s iz e d  
b y  th e  c o -p r e c ip ita t io n  m eth o d  w ith  d ifferen t startin g  m a ter ia ls , pH  v a lu e s , and  in itia l 
a m o u n ts  o f  O V A  ad d ed . T h e  a m o u n ts  o f  O V A  b oth  in co rp o ra ted  an d  r e lea sed  
s ta tis t ic a lly  in c r e a se d  w ith  th e d e c r e a se  o f  p H  v a lu e  to  b e  neutral an d  s lig h tly  
in c r e a se d  w ith  th e  in crea se  in  th e  in itia l a m o u n t o f  O V A  ad d ed . A  greater am o u n t o f  
O V A  b oth  in co rp o ra ted  and r e le a se d  w a s  a lso  o b se r v e d  in  the H A p /O V A  p artic les  
sy n th e s iz e d  fro m  th e  c h e m ic a l startin g  m ater ia l co m p a red  to  th o se  p repared  from  the  
natural o n e . T h e  r e le a se  k in e t ic s  e x h ib ite d  a s lo w  r e le a se  in  a su sta in ed  m an n er
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w ith o u t  in itia l O V A  burst, r e su lt in g  in p r o lo n g e d  r e le a se  b eh av ior . C o n se q u e n tly , it 
m a y  b e  p ra c tica b le  to  u se  th e  o b ta in ed  H A p  p artic le s  w ith  o th er p ro te in  d ru gs and  
g r o w th  fa cto rs  a s  e f f e c t iv e  carr ies to  a c h ie v e  s p e c if ic  targets fo r  b o n e  t is su e  
e n g in e e r in g  p u rp o ses .
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