
CHAPTER II 
LITERATURE REVIEW

2.1 Magnetic Nanoparticles (MNPs) in Drug Delivery

N a n o sc a le  s tru c tu re  an d  m a te ria ls  (e .g ., n an o p a rtic le s , n an o fib e rs , n an o tu b e , 
an d  n an o  w ie rs )  h a v e  b een  e x p lo re d  in  m an y  b io lo g ica l a p p lic a tio n s  su ch  as 
b io lo g ic a l s e p a ra tio n , b io sen s in g , m o le c u la r  im ag in g , a n d / o r  a n tic a n c e r  th e rap y  
b e c a u se  th e ir  fu n c tio n s  d iffe r  d ra s tic a lly  fro m  th e ir  c o u n te rp a r ts  an d  n o v e l p ro p ertie s . 
E sp e c ia lly , th e ir  h ig h  su rface  v o lu m e , im p ro v e d  so lu b ility , a n d  m u ltifu n c tio n a lity  to  
o p e n  a  la rg e  o f  n e w  p o ss ib ilit ie s  fo r b io m e d ic in e  (K lu c h o v a  e t a l., 2 0 0 9 )

N a n o v e c te rs  ab le  to  b o th  ca rrie r  d ru g  an d  c a n c e r  d e te c te d  h av e  a lso  b een  
in te re s te d , m a in ly  u s in g  th e  o u ts ta n d in g  su p e rp a ra m a g n e tic  p ro p e rtie s  o f  iro n  o x id e  
n an o p a rtic le . 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 P IO N s) a re  u su a lly  u sed  
as  m a g n e tic  n a n o p a rtic le s  s in ce  th e ir  su p e rp a ra m e g n e tic  p ro p e rtie s , d e p e n d in g  on  
n a n o s iz e , m ak e  th e m  m ag n e tic  in  an  ex te rn a l m ag n e tic  fie ld  as  a  p re se n c e , b u t no  
m a g n e tic  re so n a n c e  re m a in s  a f te r  re m o v e r  e x te rn a l fie ld . M a g n e tic  n a n o p a rtic le s  
o ffe r  ad d itio n a l a ttra c tiv e  p o ss ib ilitie s  in  b io m e d ic in e  s in ce  th e ir  m ag n e tic  p ro p e rtie s  

. a llo w  th em  to  b e  m a n ip u la te d  by  an  e x te rn a l m ag n e tic  f ie ld  g rad ien t, fu rth er 
. c h e m ic a l im p ro v in g  an d  b io lo g ic a l d ru g  d e liv e ry  s tra teg ies , in  ad d itio n  to  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 e n c h a n tm e n t d e te c tio n  o f  lo c a liz a tio n  o f  th e ir  s ites  
(C h a lla  ร. e t a l., 2 0 0 6 ). M a g n e tic  n a n o p a rtic le s  (M N P s) a d d ed  c o m p o n e n ts  fo r 
sp e c if ic  fe a tu re , lig a n d  such  as  ta rg e tin g  ag en t, th e ra p e u tic  ag en t, an d  p e rm e a tio n  
e n h a n c e r  can  in c o rp o ra te d  w ith in  th ese  n a n o s tru c tu re s  (F ig u re  2) to  u se d  a s  in v ivo  
ce ll (รนท e t a l., 2 0 0 8 ).
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Figure 2.1 M N P  w ith  v a rio u s  lig an d s  to  en a b le  m u ltifu n c tio n a lity  f ro m  a  s in g le  
n a n o p a rtic le  p la tfo rm  (S ta rk  e t a l., 1998).

S P IO N s b io c o m p a tib le  h av e  b e e n  d e v e lo p e d  in v ivo  b io m ed ica l ap p lica tio n , 
m o s tly  in  m ag n e tic  re so n a n c e  im ag in g , an d  h av e  b een  o n ly  p re c lin ic a lly  ev a lu a te d  in  
th e  tissu e -sp ec if ic  th e ra p e u tic  ag en t re le a se  (C h a lla  ร . e t a l., 2 0 0 6 ). P rev io u s  
e x p e rim e n ts  u s in g  th is  ap p ro ach  h av e  b e e n  p e rfo rm e d  b y  su p e rp a ra m e g n e tic  iron  
o x id e  (fe rr ite )  e v a lu a te d  as c o n tra s t ag en t fo r  m ag n e tic  re so n a n c e  (M R ) im ag in g , 
d o se s  ran g in g  fro m  10 to  50  m u m o l/k g  w ere  a d m in is te re d  in tra v e n o u s ly  to  15 
p a rtie n t, so m e  p o s itiv e  e ffec t w ere  o b ta in ed , in c rea se  th e  n u m b e r o f  h e p a tic  le sso n s 
d e te c te d  an d  red u c e  th e  th re sh o ld  s ize  fo r d e te c tio n  w ith  th e  s ta n d a rd  p u lse  seq u en ce  
te c h n iq u e s , D e g ra d a tio n  fro m  th e  liv e r o f  fe rr ite  w as  d e m o n s tra te d  as e a rly  as 12 
h o u r  a fte r  in je c tio n  su g g e s tio n  th a t lack  o f  c h ro n ic  to x ic ity  o b se rv e  in  a n im a l (S ta rk  
e t a l . ,  1998).

X u  e t a l. (2 0 0 7 ) d e v e lo p ed  a  n e w  ty p e  o f  e n g in e e re d  n a n o m a te r ia ls , 
F e P t@ C o S 2 y o lk -s h e ll  n an o c ry s ta ls  as  a  p o te n t ag en t to  k ill th e  c a n c e r  ce lls , 
sy n th e s iz e d  b y  th e  m e c h a n ism  o f  th e  K irk e n d a ll e ffe c t w h en  F e P t n a n o p a rtic le s  se rv e  
as  th e  seed s. T h e  n a n o c o m p o s ite s  h av e  d ire c tly  to  sp ec ific  ce ll an d  re su ltin g  in  the  
h ig h  c y to to x ic ity  to  c a n c e r  ce ll a re  sh o w n  in  th e  F ig u re  2 .2 , w h e n  the  c e llu la r  u p tak e , 
th e  m u ltip le  w h ite  sm all b ud  o cc u rre d  o n  th e  su rfa c e  o f  ce ll in d ic a te d  th a t th e  c an ce r 
c e lls  w ere  a lm o st dead .
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Figure 2.2 T ra n sfo rm a tio n  o f  F e P t@ C o S 2 y o lk — sh e ll n a n o p a rtic le s  a f te r  in cu b a ted  
w ith  H e L a  ce lls ; (a ) th e  o p tic a l im ag e  o f  H e L a  ce lls  in c u b a te d  w ith  5 p g /m L  o f  
F e P t@ C o S 2 n a n o p a rtic le s  fo r 3 d ay s , (b ) a  r e p re s e n ta t iv e  T E M  im ag e  o f  
m itro c o n d ria  f ro m  H eL a  c e lls  b e in g  in c u b a te d  w ith  F e P t@ C o S 2 y o lk — sh ell 
n a n o p a rtic le s  fo r  3 d ay s , (c ) m a g n e fie d  T E M  im age.

2.2 PLGA in Drug Release

P L G A  o r P o ly (D ,L -la c tid e -c o -g ly c o lid e )  is a  c o p o ly m e r o f  lac tid e  an d  
g ly co lid e  (F ig u re  1), a lso  k n o w n  as lac tic  a c id -g ly c o lic -a c id  c o p o ly m e r th a t hav e  
su ccess  in  th e  c lin ic  as  d e g ra d a b le  su tu re s  an d  d ru g  d e liv e ry  m a tric e s  ( I je o m a  e t a l ,  
2 0 0 6 ). P L G A  is sy n th e s iz e d  by  rin g  o p e n in g  c o -p o ly m e riz a tio n  o f  tw o  d iffe ren t 
m o n o m e rs , th e  c y c lic  d im m e rs  ( l ,4 -d io x a n e -2 ,5 -d io n e s )  o f  g ly co lic  a c id  and  lac tic  
ac id . T h e  ca ta ly sts , u se d  in  th e  p re p a ra tio n  o f  th is  in c lu d e  tin (II)  2 -e th y lh e x a n o a te , 
tin (II)  a lk o x id es , or. a lu m in u m  iso p ro p o x id e . T h e  p o ly m e riz e d  su c c e ss iv e  in  th e  
lin k ed  to g e th e r o f  u n it m o n o m e r (g ly co lic  o r  lac tic  a c id ) b y  e s te r  lin k ag es , th u s  
y ie ld in g  a  lin ear, a  p ro d u c t as  a lip h a tic  p o ly e s te r  (A ste te  e t a l., 2006).

X  =  N u m b e r o f  un its  
o f  L ac tic  a c id  

y  =  N u m b e r o f  u n its  
o f  G ly co lic  ac id

Figure 2.3  P o ly (D ,L -la c tid e -c o -g ly c o lid e )
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D ep e n d in g  o n  th e  ra tio  o f  c o p o ly m e r, each  o f  h o m o p o ly m e r  is c ry s ta llin e  
an d  d e g ra d e s  re la tiv e ly  s lo w ly , b u t th e  c o p o ly m e rs  ten d  to  h a v e  le ss  c ry s ta llin ity , an d  
th u s  th e y  d e g ra d e  m o re  rap id ly . O n e  c o m p o s itio n  u sed  in  d ru g  d e liv e ry  m ic ro p a rtic le  
in  th e  m ix tu re  ra tio  o f  5 0 :5 0  lac tid e  an d  g ly co lid e , b u t th e  o th e r  ra tio  h a v e  b een  u sed , 
e sp e c ia lly  in  su tu re s , w h e re  th e  s tre n g th  o f  th e  su tu re  an d  its  re te n s io n  d u rin g  ea rly  
tim e  p e rio d  o f  w o u n d  h e a lin g  is a  m o re  im p o rta n t fa c to r  th an  d e g ra d a tio n  ra te  
( I je o m a  e t a l., 2 0 0 6 )

T h e  d e g ra d a tio n  o f  P L G A  is a  h y d ro ly tic  m e c h a n ism  o f  its  e s te r  lin k ag es  in  
th e  p re se n t o f  w a te r. It has b een  sh o w  th a t th e  m o n o m e r ra tio  o f  c o p o ly m e r is re la te d  
to  th e  req u ired  tim e  fo r d e g ra d a tio n  o f  P L G A : th e  h ig h e r c o n te n t o f  g ly co lid e  u n its , 
th e  lo w er tim e  re q u ire d  fo r d eg rad a tio n . A n  ex c e p tio n  to  th is  ru le  is th e  co p o ly m e r 
w ith  5 0 :5 0  u n it m o n o m e rs  w h ic h  e x h ib its  th e  fa s te r d e g ra d a tio n  (a b o u t tw o  m o n th s) 
(A ste te  e t a l., 2 0 0 6 ). H o w ev er, a d d in g  a  m o re  h y d ro p h o b ic  co m o n o m e r, su ch  as 
p o ly (c a rp o la c to n e )  P C L , w h ich  s lo w s d o w n  th e  d e g ra d a tio n  ra te  b y  its  lo w er w a te r  
u p tak e  ( I je o m a  e t a l., 2 0 0 6 ) .

P L G A  h as  b een  su ccessfu l as a  b io d e g ra d a b le  p o ly m e r  b e c a u se  by  p ro d u c ts  
fro m  P L G A  d e g ra d a tio n  .in the  b o d y  a re  n a tu ra l su b s tra te  fo r ce ll m e tab o lic  
p ro c e sse s , an d  s id e s tep  th e  m eed  fo r re m o v in g  sp en t p a r tic le s  fro m  th e  b o d y  (C u  e t  
a l., 2 0 0 8 ). T h e  m a jo r  a p p lic a tio n  in c lu d e  re so rb a b le  su tu re s , d ru g  d e liv e ry  sy s te m s  
an d  o rth o p a e d ic  fix a tio n  d ev ice s  su ch  as sc rew s , ro d s  an d  p in s  (P a th ira ja  e t a l.,
2 0 0 3 ), a n tia d h e s iv e  co a tin g , an d  tis su e -e n g in e e r in g  sc a ffo ld s  (K w o n  e t a l ,  2 0 0 5 ). 
P L G A -c h ito sa n s  ca tio n ic  h âv e  b een  u sed  fo r  D N A  d e liv e ry  (R av i e t a l., 2004 ).

In  2 0 0 7 , M a tth e w  M . A rn o ld  e t al. u sed  th e  la rg e  p o ro u s  P L G A  
m ic ro p a rtic le s  e n c a p su la te d  n an o C ip ro , im m isc ib le  o il is ad d ed  to  P L G A  d isso lv e d  
in  d ic h lo ro m e th a n e  c o n ta in in g  a n a n o su sp e n s io n  o f  c ip ro flo x a c in . F o llo w in g  th e  
d o u b le  em u ls io n , o rg an ic  so lv en t is e x tra c te d  to  p ro d u ce  o il/P L G A /d ru g  p a rtic le s . 
T h e  o il is th en  e x tra c te d  to  p ro d u ce  la rg e  p o ro u s  p a rtic le s . In  the  re su lt, c ip ro f lo x a c in  
w as d is tr ib u te d  e v e n ly  th ro u g h o u t th e  p a r tic le  m a trix  (F ig u re  2 .4).

T h e  d u ra tio n  o f  u n e n c a p su la te d  n a n o C ip ro  d is so lu tio n  w as ~ 5 d ay s , w h ic h  
w as e x ten d ed  to  2 ^ 1 w eek s d ep en d in g  o n  th e  m ic ro p a rtic le  s ize  an d  s tru c tu re  (f ig u re  
2 .5 ). T h e  re lea se  k in e tic s  g en e ra lly  fo llo w e d  tre n d s  su g g e s tin g  th a t th e  re lea se  o f
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c ip ro f lo x a c in  m ay  be  a ttr ib u ta b le  to  n a n o C ip ro  d is so lu tio n  c o u p le d  w ith  the  e ffec tiv e  
d iffu s io n  o f  c ip ro f lo x a c in  th ro u g h  th e  d eg ra d in g  p o ly m e r m a trix .

Figure 2.4 L a se r scan in n g  c o n fo ca l m ic ro sc o p y  w as u se d  to  d e te c t th e  d is tr ib u tio n  
o f  c ip ro f lo x a c in  w ith in  la rg e  p o ro u s  P L G A  m ic ro p a rtic le  (S ca le  b a r  10 p m ).

Figure 2.5 R elea se  k in e tic s  o f  e n c a p su la te d  n a n o C ip ro  fro m  p o ro u s  p o ro u s  
m ic ro p a rtic le s .
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2.3 Preparation of Nanoparticles for Delivery System
T h ere  a re  sev e ra l m e th o d  to  p rep a re  n a n o p a rtic le s  fo r  d e liv e ry  sy stem . 

T h ree  m a in  m e th o d s  a re  sin g le  em u ls io n  p ro cess , d o u b le  (m u ltip le )  e m u ls io n  
p ro cess , an d  p h ase  se p a ra tio n  (co ace rv a tio n ).

2 .3 .1  S in g le  em u ls io n  p ro cess
T h e  s in g le  e m u ls io n  p ro c e ss  in v o lv es  o il- in -w a te r  (O /W ) s in g le  

em u ls io n . A t th e  first, th e  p o ly m er d isso lv e d  in  a  w a te r  im m isc ib le , lo w  b o ilin g  p o in t 
o rg an ic  so lv e n t (d ic lo ro m e th a n e  (D C M ) m o st c o m o n ly  u sed ). T h e n  th e  d ru g  ad d ed  
to  th e  p o ly m e r so lu tio n  to  p ro d u ce  a so lu tio n  o r d isp e rs io n  o f  th e  d ru g  p a rtic le s . T h is  
p o ly m e r-so lv e n t-d ru g  d isp e rs io n / d isp e rs io n  is th en  e m u ls if ie d  in  a  la rg e r v o lu m n  o f  
w a te r  c o n ta in in g  an  e m u ls if ie r  (su ch  as p o ly (v in y l a lc o h o l)  (P V A )) to  fo rm  an  o il- in -  
w a te r  em u ls io n . T h e  e m u ls io n  is  th en  rem o v ed  so lv e n t by  e ith e r  e x tra c tio n  o r 
e v ap o ra tio n  p ro cess  to  h a rd e n  the  o il d ro p le ts . T h e  o b ta in e d  so lid  n a n o sp h e re s  a re  
th en  w ash ed  an d  c o lle c te d  by  s iev in g , f iltra tio n , o r  c en trifu g a tio n . A n d  th e se  are 
d rie d  u n d e r  th e  co n d itio n  o r a re  ly o p h iliz e d  to  g iv e  fina l free  f lo w in g  in jec tab le  
n a n o sp h e re  p a rtic le s  (Ja in , 2000).

2 .3 .2  D o u b le  (m u ltip le ) em u ls io n  p ro cess
T h is  is a  w a te r- in -o il- in -w a te r  (W /O /W ) d o u b le  em u ls io n  an d  is b e s t 

su ited  to  en c a p su la te d  w a te r-so lu b le  d ru g s  like  p ro tie n s , v ac c in e s , an d  p e p tid e s , 
u n lik e  the  o /w  em u ls io n  w h ich  is  su itab le  fo r w a te r- in so lu b le  d ru g  like  s te ro id s  
(R a je e v  A ., 2 0 0 0 ). T h e  ty p ica l w /o /w  d o u b le  e m u ls io n  p ro cess  c o n s is ts  o f  fo u r  s tep s;
( 1 ) p rim a ry  e m u ls if ic a tio n : an  so lu tio n  o f  b io ac tiv e  a g e n t (in n e r w a te r  p h ase , W i)  is 
e m u ls if ie d  in to  o rg an ic  so lu tio n  co n ta in in g  th e  b io p o ly m e r (o il p h ase , O ), (2 ) re - 
em u ls if ic a tio n : th e  p rim ary  em u ls io n  is fu rth e r e m u ls if ie d  in to  a  la rg e r v o lu m n  o f  
aq u eo u s  p h ase  c o n ta in in g  s tab iliz e r  (o u te r  w a te r p h ase , พ 2) to  fo rm  W 1/O /W 2 d o u b le  
e m u ls io n , (3 ) so lid ica tio n : the o rg an ic  so v en t is rem o v ed  b y  e x tra c tio n  o r 
e v a p o ra tio n  an d  th en  so lid  n an o p a rtic le s  a re  fo rm ed , and  (4 ) s e p a ra tio n  an d  
p u rif ic a tio n : n an o p a rtic le s  a re  co lle c ted  by  cen tr ifu g a tio n  an d  th e n  ly o p h iliz e d  (F an  
T. M . e t a i ,  2003 ).

2 .3 .3  P h ase  sep a ra tio n  (c o ace rv a tio n )
T h is  p ro cess  co n sis ts  o f  ad d itio n in g  a  th ird  c o m p o n e n t to  p o ly m e r 

so lu tio n  in  an  o rg an ic  so lu tio n  fo r d e c re a s in g  th e  so lu b ility  o f  th e  e n c a p su la tin g
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p o ly m er. A t th is  p o in t, th e  p ro cess  y ie ld s  tw o  liq u id  p h ase  (p h a se  se p a ra tio n ), the  
p o ly m e r c o n ta in in g  c o ace rv a te  p h a se  an d  th e  su p e rn a ta n t d e p le te d  in  th e  p o ly m er. 
T h e  p o ly m e r is first d isso lv e d  in  an  o rg an ic  so lu tio n . T h e  w a te r-so lu b le  d ru g  are  
d is so lv e d  in  w a te r  and  d isp e rsed  in  th e  p o ly m er so lu tio n  (พ /(ว  em u ls io n ). T h e  w ate r- 
u n so lu b le  d ru g  a re  e ith e r  so lu b iliz e d  o r  d isp e rsed  in  th e  p o ly m e r so lu tio n . T h e n  an  
o rg an ic  n o n so lv e n t is ad d ed  to  th e  p o ly m e r-d ru g -so lv e n t sy s tem  w ith  s tir r in g  w h ic h  
g ra d u a lly  e x tra c ts  the  p o ly m e r so lv e n t re su ltin g  in  p h a se  se p a ra tio n  o f  th e  p o ly m e r 
an d  fo rm  v e ry  so ft c o ace rv a te  d ro p le ts  w h ich  e n tra p  th e  d ru g . T h is  sy s tem  is 
tra n s fe rred  to  a  la rge  o f  a n o th e r o rg a n ic  so lv en t to  h a rd e n  the  n a n o d ro p le ts  an d  fo rm  
th e  final n a n o sp h e re s  w h ich  a re  co lle c te d  by  s iev in g , f iltra tio n , w a sh in g , o r 
c e n tr ifu g a tio n , an d  are  fin a lly  d ried  (Ja in , 2000).

2.4 Biodegradable Encapsulate of Magnetic Nanoparticle

T h e  m ag n e tic  n an o p a rtic le s  h av e  a ttra c ted  a  g re a t d ea l o f  a tte n tio n  d u e  to  
th e ir  p o te n tia l u se  as m ag n e tic  m a te ria ls  as w e ll as  m ag n e tic  re so n a n c e  im ag in g  
(M R I) c o m tra s t agen t. H o w ev er, p o o r p e n e tra tio n  d ep th , p o o r  d iffu s io n  o f  th e  
re le a se d  d ru g  fro m  re lease  s ite  (รนท e t al. 2 0 0 8 ), a n d  re la tiv e ly  h ig h  to x ic ity  o f  
m ag n e tic  n an o p a rtic le s  re s tric ts  th e  u se  o f  th e se  m a te ria ls  in  h u m a n  b e in g s  (S eu n g - 
L ee  et a l., 2 0 0 4 ). T o red u ce  th e  sh o rtco m in g s , e n c a p su la ta tio n  o f  th e  m ag n e tic  
n a n o p a rtic le  w ith  p o ly e s te r  such  as  P L G A  h as  b een  u sed  b e c a u se  o f  th e  c o m p a tib le  
an d  b io d e g ra d a b le  p ro p e rtie s  as w e ll as  lo w  to x ic ity  an d  im p ro v e s  th e  a b ility  o f  
p e n e tra tio n  an d  d iffu s io n  o f  d ru g  re leased . T h e  v a rio u s  m e th o d s  can  be  u sed  to  
in co rp o ra te  n a n o p a rtic le  in  the  b io d eg rad ab le  p o ly m e r w ith  re sp e c t to  th e ir  in  v ivo  
co m p a tib ility .

In  1996 , M ü lle r  e t al. su b seq u en tly  p re p a re d  m a g n e tite - lo a d e d  P L A /P L G A  
p a rtic le  by  m e c h a n ic a lly  m ix in g  b a re  m ag n e tic  a g g re g a te  w ith  th e  p o ly m e r m a trix . 
D isp e rse  th e  m ag n e tite  ag g reg a te s  in  e th an o l an d  th en  in co rp o ra ted  in  p o ly e s te r  
p o ly m ers  w ith  th e  tra n s itio n  tem p e ra tu re  (ap p ro x . 55 °C ) u n d e r s tirrin g , h o m o g e n o u s  
d isp e rs io n  o f  th e  m ag n e tite  in  th e  p o ly m er m a trix  w as p e rfo rm . H o w ev e r, th e  
in v e s tig a to r e n c o u n te re d  d iff icu ltie s  in  co n tro llin g  b o th  p a rtic le  sh ap e  an d  s ize  as 
w e ll as  m a g n e tite  e x p o su re  at the  p a rtic le  su rface .
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In  2 0 0 5 , L ee  e t al. re p o rte d  m a g n e tite /P L G A  n a n o p a rtic le  w ith  g o o d  
su p e rp a ra m a g n e tism  m ad e  by  an  e m u ls if ic a tio n -d iffu s io n  m e th o d  u s in g  aq u eo u s  
fe rro flu id e . T h e  e n c a p su la tio n  p ro cess  in v o lv es  th e  fo rm a tio n  o f  a  c o n v e n tio n a l o il- 
in -w a te r  e m u ls io n  w h ic h  co n s is ts  o f  an  o il p h a se  c o n ta in in g  a  s tab iliz e r . T h e  
su b se q u e n t a d d itio n  o f  o il p h ase  in to  aq u eo u s  m e d ia  fo rm s a n  o il- in -w a te r-ty p e  
em u ls io n  an d  th en  so lv e n t d iffu se s  o u t an d  d isso lv e s  a t th e  e x te rn a l p h ase . 
N e v e rth e le s s , th e  h y d ro p h o b ic  n a tu re  o f  th e  b io p o ly m e r m a trix  (i.e . P L A , P L G A ) d id  
n o t p e rm it e n c a p su la tio n  o f  la rge  a m o u n ts  o f  b are  m a g n e tite  su sp e n s io n  d u e  to  its 
h y d ro p h ilic  n a tu re , u ltim a te ly  re su ltin g  in  a g g re g a tio n  o f  n a n o s iz e d  m a g n e tite  an d  
p o o r  m a g n e tiz a tio n s  (0 .0 7 5  em u /g  w ith  0 .1 8 %  v o lu m e  frac tio n ) o f  th e  c o m p o s ite  
p artic le .

In 2 0 0 5 , M a rc h a is  e t a l. in co rp o ra te  S P IO N s in to  P L G A  u s in g  an  
e m u ls if ic a tio n -d if fu s io n  te c h n iq u e  w h e re  S P IO N s w ere  in  th e  o il p h ase  v ia  th e  u se  o f  
fa tty  a c id -c o a ted  S P IO N s; h o w ev er, th e ir  d isp e rs io n  w ere  p o o r , and  th e ir  P L G A  
p a rtic le s  sh o w e d  an  in c o n s is te n t d is tr ib u tio n  o f  S P IO N s (R o n a ld  A . e t al).

In  2 0 0 5 , O k a ssa  e t al. in v es tig a ted  th e  m a g n e tite  en tra p m e n t e ff ic ie n c y  by  
c o m p a rin g  a q u e o u s  m a g n e tite  su sp en s io n s  and  o rg an ic  m ag n e tite  su sp e n s io n  sh o w ed  
m o re  e ff ic ie n t e n tra p m e n t as c o m p are  to  th e  aq u eo u s  m ag n e tite  su sp en s io n . T h e  
o rg an ic  m a g n e tite  su sp e n s io n  w as o b ta in ed  by  re d isp e rs in g  th e  m ag n e tite  p re c ip ita te  
in  o le ic /e th a n o l so lu tio n  in  w h ich  o le ic  ac id  ac ted  as a  su rfac tan t. In  th is  c o n te x t, th e  
d e v e lo p m e n t o f  su b -m ic ro n  P L G A  b io d e g ra d a b le /b io c o m p a tib le  m a g n e tic  c a rrie rs  
w ith  h ig h  m ag n e tic  lo ad in g , b u t rem ain s  an  o n g o in g  b io e n g in e e r in g  c h a lle n g e , 
w ith o u t c o m p ro m is in g  in  v iv o  ap p licab ility .

In 2 0 0 7 , W esse l e t al. sh o w ed  th e  S P IO N s w ith  a  h y d ro p h o b ic  c o a tin g  
in co rp o ra te  to  P L G A  p a rtic le s  b y  u s in g  e m u ls if ic a tio n -d iffu s io n  te c h n iq u e  (o il- in -  
w a te r- in -o il em u ls io n ). T h e  use  o f  o le ic  ac id -co a ted  S P IO N s an d  th e ir  su sp e n s io n  in  
th e  first o il p h ase  to  fo rm  a w a te r-in -o il em u ls io n . T h e n  th is  p h ase  is a d d ed  to  an  
aq u eo u s  p h a se  c o n ta in in g  a  s ta b iliz e r  and  em u ls if ied  to  fo rm  a  w a te r- in -o il- in -w a te r  
em u ls io n . O v e rtim e  th e  so lv en t d iffu se s  o u t c rea tin g  n a n o p a rtic le s  w ith  th e  S P IO N s 
an d  b io a c tiv e  ag en t in co rp o ra ted  in s id e  the  p o ly m er. In  th e  re su lt, e n c a p su la tio n  o f  
th e  n a n o p a rtic le s  d o es  n o t seem  to  a ffec t th e  su p e r  p a ra m a g n e tic  n a tu re  o f  th e  
S P IO N s, as  e v id e n c e d  b y  the  s lo p e  in  th e  m a g n e tiz a tio n  d a ta  in  F ig u re  2 .6 .
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(a) Magnetite Concentration (mflAnt) (b) พ*,9พ Percent Magnet**

Figure 2 .6  (a) m a g n e tiz a tio n  o f  P L G A  p a rtic le s  p lo tte d  vs. m ag n e tite  c o n c e n tra tio n  
in  th e  o rg a n ic  p h ase  p r io r  to  e m u ls if ic a tio n , (b ) m a g n e tiz a tio n  o f  P L G A  p a rtic le s  
p lo tte d  vs. w e ig h t p e rc e n t o f  m ag n e tite  in  P L G A  p artic le .

T E M  im ag e  sh o w ed  th e  w ell d isp e rs io n , S P IO N s w ere  ev en ly  d is tr ib u te d  
th ro u g h o u t th e  P L G A  p a rtic le , b o th  w ith  re sp ec t to  in d iv id u a l p a rtic le s  as  w e ll as 
re sp e c t to  m a n y  p a rtic le s  (F ig u re  2 .7 )

Figure 2 .7  T E M  im ag es , (a) P L G A  p a rtic le s , (b ) m ag n e tite  en c a p su la te d  P L G A , (c) 
P L G A  p a rtic le s  w ith  m ag n e tite  m ad e  from  a  5 m g /m  so lu tio n , (d ) P L G A  p a rtic le s  
w ith  m ag n e tite  m ad e  fro m  a  1 m g /m  so lu tion .
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A lth o u g h  m a n y  w o rk  su c c e ssfu lly  u se d  th e  e m u ls if ic a tio n -d if fu s io n  m e th o d  
to  p ro d u c e  su b -m ic ro n  P L G A  p a rtic le  w ith  e n c a p su la te d  iro n  o x id e  n a n o p a rtic le s  
th a t  u sed  o le ic  a c id  c o a te d  w ith  m a g n e tite  n a n o p a rtic le s  d isp e rse  in  th e  o il p h ase , 
th e re  is no  sy s te m a tic  s tu d ie s  c a rried  o u t to  d e te rm in e  th e  su ita b le  ra tio  o f  
e n c a p su la te s  P L G A  w ith  m a g n e tite  n a n o p a rtic le s . T h e  o b ta in e d  p a r tic le s  w ere  
fu rth e r c h a ra c te r ise d  b y  tra n sm iss io n  e le c tro n  m ic ro g ra p h s  (T E M s), D y n a m ic  lig h t 
sc a tte rin g  (D L S ), v ib ra tin g  sa m p le  m a g n e to m e te r  (V S M ), an d  th e rm o g ra v im e tr ic  
a n a ly s is  (T G A ).
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