
CHAPTER I 
INTRODUCTION

M ag n e tic  n a n o p a rtic le s  (M N P s) hav e  b e e n  u se d  in  v a rio u s  b io lo g ic a l an d  
b io m e d ic a l a p p lic a tio n s  su ch  as b io m a g n e tic  s e p a ra tio n , h y p e rth e rm ia  tre a tm e n t, and  
d ru g  ta rg e tin g  (K lu c h o v a  e t a l ,  2 0 0 9 ). T h ey  a c t as  m ag n e tic  re so n a n c e  im ag in g  
(M R I) c o n tra s t ag en t, w h ic h  a lread y  rece iv ed  so m e  c lin ica l a c c e p tan ce . D e v e lo p m e n t 
o f  m o le c u la r  an d  c e llu la r  im ag in g  a im s  fo r v isu a liz in g  th e  d ise a se -sp e c ific  b io m a rk e r  
a t th e  m o le c u la r  an d  c e llu la r  lev e ls , w h ich  led  to  p re v a le n t re c o g n itio n  th e  m ag n e tic  
n a n o p a rtic le  as  M R I c o n tra s ts  (G a o  e t a l ,  2 0 0 9 ). S u p e rp a ra m a g n e tic  iro n  o x id e  
n a n o p a rtic le s  (S P IO N s) h av e  a b ility  as  an  im p o rta n t m a te ria l to  en h an ce  m ag n e tic  
re so n a n c e  co n tras t. F o r  ex am p le , m ag h e m ite  iro n  (II) n a n o p a rtic le s  a tta c h e d  to  
b e n to n ite  c lay  su rface  w ill  re su lt in  a  h ig h ly  e ff ic ie n t n eg a tiv e  o ra l c o n tra s t a g e n t fo r 
M R I d ia g n o s tic s  o f  th e  ad ja c e n t ab d o m in a l a re a s  an d  sm all b o w e l in c lu d in g  p a n c re a s  
an d  c h o le d o c h  (K lu c h o v a  e t a l ,  2 0 0 9 ). A lth o u g h  n o t y e t c ap ab le  o f  re a c h in g  levels  
o f  sa fe ty  an d  e ff ic a cy  fo r  re g u la to ry  a p p ro v a l, p re -c lin ica l s tu d ie s  in d ic a te d  th a t 
so m e  o f  th e  sh o rt c o m in g  o f  m ag n e tic  d rug  ta rg e tin g , su ch  as th e ir  to x ic ity  (S e u n g - 
Ju n  L ee  e t a l ,  2 0 0 4 ), p o o r  p e n e tra tio n  d ep th , an d  d iffu s io n  o f  th e  re lea sed  d ru g  fro m  
th e  d ise a se  s ite  (รนท e t a l ,  2 0 0 8 ), c a n  be  o v e rc o m e d  by  im p ro v e m e n t in  m ag n e tic  
ta rg e te d  ca rrie rs  d es ig n . F u rth e rm o re , e n c a p su la te  M N P s as a  d ru g s  c a rrie r  th a t m ean  
o f  re a l- tim e  m o n ito r in g  o f  d ru g  d e liv e ry  is an  a re a  o f  in ten se  in te rest.

T h e  u se  o f  e x te rn a l m ag n e tic  fie ld  w ith  S P IO N s as e ffe c tiv e ly  d ire c t to  
sp e c if ic s  tissu e  in  th e  b o d y , en c a p su la te d  m a g n e tic  n a n o p a rtic le  w ith  a  la y e r o f  
b io d e g ra d a b le  p o ly m e r o r  ev en ly  d is tr ib u te d  in  th e  m a trix  o f  p o ly m e r hav e  a lso  been  
re p o rte d  an d  w id e ly  re se a rch  to  a tta in  c o n tro lle d  re lease  w ith  re sp e c t to  b o th  tim e  
an d  lo c a tio n  (W esse l et a l., 2007 ). T h e  co a ted  S P IO N s w ith  b io c o m p a tib le  p o ly m e r 
a im  to  fo rm  s tab le  n o n -to x ic  aq u eo u s  d isp e rs io n  o f  m ag n e tic  n a n o p a rtic le . T h e  
co v e re d  p o ly m ers  h a v e  re su lted  in  red u ce  a g g re g a tio n  p ro b lem  o f  th e  u n c o a te d  
M N P s  an d  lo w er its  to x ic ity  (G a ih re  et a l ,  2 009 ). T h ese  b io d e g ra d a b le  and  
b io c o m p a tib le  in c lu d e  h y d ro p h o b ic  p o ly e s te r  su c h  as  p o ly (D ,L -la c tid e -c o -g ly c o lid e )  
(P L G A ), P o ly (D ,L -la c tid e )  (P L A ), an d  p o ly (g ly c o lid e )  (P G A ) (H a n s  e t a l ,  2 0 0 2 ).
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P o ly (D ,L -la c tid e -c o -g ly c o lid e )  (P L G A ) a re  s ig n if ic a n t fo r  tissu e  
e n g in e e r in g  a p p lic a tio n s  an d  d e liv e ry  sy s te m  b ecau se  th e y  a re  b io d e g ra d a b le , 
b io c o m p a tib le , n o n -to x ic  (C h e n g  e t a l ,  2 0 0 8 ), h ig h  re g a rd in g  fo r  sa fe ty  
b io d e g ra d a b ility  in  th e  b o d y  an d  ap p ro v a l b y  th e  บ .ร . F o o d  a n d  d ru g  A d m in is tra tio n  
(F D A ) (A rn o ld  e t a l ,  2 0 0 7 ). W h e n  m ic ro sp h e re s  fo rm u la ted , d ru g  d e p o t w a s  fo rm ed  
as a d v a n ta g e  by  d ire c t in je c tio n  in  a  tissu e  fro m  w h ic h  th e  s lo w ly  re le a se d  o f  d rug  
o ccu rred . P L G A  m ic ro p a rtic le s  e n c a p su la tin g  a d eco y  o lig o d e o x y n n c le o tid e  (O D N ) 
a g a in s t n u c le a r fa c to -x B  (N F -kB )  ab le  to  re lea se  d eco y  O D N  a t a  c o n s ta n t ra te  fo r 
a b o u t 4 0  d ay s  (S te fa n o  e t a l ,  2 0 0 9 ). P L G A  e n c a p su la tio n  o f  S P IO N s w a s  u sed  to  
s tu d y  th e  d is tr ib u tio n  o f  n a n o p a rtic le  in  c h in c h illa  co ch leae , th e  n a n o p a rtic le  w ere  
d is tr ib u te d  in  th e  c h in c h illa  ro u n d  w in d o w  m em b ra n e  (G e  e t a l ,  2 0 0 7 ). H o w ev er, 
m ic ro sp h e re  s ize  h a s  a  s ig n ific a n t e ffec t o n  th e  e ff ic ie n t o f  d ru g  lo ad in g  an d  d ru g  
re le a se  ra te  an d  can  p o te n tia lly  be  v a ried  to  d e s ig n  a  d ru g  d e liv e ry  sy s tem  c o n tro lle d  
w ith  d e s ire d  re lea se  p ro file . M a th em a tica l m o d e lin g  p ro v id e  th e  e ffe c t o f  m ean  
d ia m e te r  o f  P L G A  m ic ro sp h e re  o n  d ru g  re lease , P iro x ic a m -lo a d e d  P L G A  
m ic ro sp h e re  h a v in g  m e a n  s ize  fro m  13 .5 -76  p m , re su lt in  d ru g  in itia l re le a se  ra te  
d e c re a se d  w ith  an  in c re a se  in  m ic ro sp h e re  s ize  in c rease  (O w e n  e t a l ,  2 0 0 8 ).

S ev era l m e th o d s  h av e  b een  d e v e lo p e d  to  p rep a re  m ag n e tic  p o ly m eric  
n a n o p a rtic le s  in c lu d in g  w a te r-in -o il (w /o ) s in g le  em u ls io n , w a te r- in -o il- in -w a te r  
(w /o /w ) d o u b le  e m u ls io n , c o a se rv a tio n  (Ja in , 2 0 0 0 ), in v e rse  m ic ro e m u ls io n  
p o ly m e riz a tio n , an d  m in ie m u ls io n  p o ly m e riz a tio n  (L .N . O k a ssa  e t a l ,  2 0 0 7 ). T he 
m a in  re q u ire m e n t is th a t th e  all th e  m ag n e tite  n an o p a rtic le s  a re  tra n sfe re d  e v e n ly  in to  
th e  re su ltin g  p o ly m e ric  n an o p a rtic le s . T h e  m o s t in te re s tin g  o n e  is w /o /w  d o u b le  
e m u ls io n  th a t best su ite d  to  e n c a p su la te d  w a te r-so lu b le  d ru g  like  v a c c in e s , p ro te in s , 
an d  p e p tid e s  (Ja in , 2 0 0 0 ).

In th is  w o rk  w e e n c a p su la te d  S P IO N s w ith  P L G A  m ic ro p a rtic le s  b y  u s in g  
an  e m u ls if ic a tio n  d if fu s io n  te ch n iq u e . T h is  te c h n iq u e  fo rm s a  w a te r-in -o il e m u ls io n  
a t th e  f irs t w h ic h  th e  S P IO N s an d  th e  p o ly m e r a re  in  th e  o il p h a se  an d  d isso lv in g  the  
h y d ro p h o b ic  b io a c tiv e  ag en t in  th e  w a te r p h a se  (W esse l et a l ,  2 007 ). A lso  in  the 
s tu d y , c h a ra c te r iz a tio n  o f  the  re su ltin g  e ffe c t o f  a m o u n t e n c a p su la te s  n an o sp h e re  on  
e n c a p su la tio n  e ff ic ie n c y  w ere  c a rrie d  out.
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