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SUMMARY 

P o l y ( b u t y 1  2 - c y a n o a c r y l a t e )  n a n o p a r t i c l e s  h a v e  b e e n  r a d i o l a b e l l e d  w i t h  a 

9gmTc-dextran complex t o  a l l o w  t h e i r  p a t t e r n  o f  b i o d i s t r i b u t i o n  t o  be f o l l o w e d  

by u s i n g  t h e  t e c h n i q u e  of gamma s c i n t i g r a p h y .  The method i n v o l v e s  t h e  p r e f o r m i n g  

of a 9MTc-dext ran  complex and u s i n g  t h i s  as  a polymeric s tabi l iser  d u r i n g  

t h e  f o r m a t i o n  o f  n a n o p a r t i c l e s .  C o p o l y m e r i s a t i o n  o f  t h i s  complex w i t h  t h e  

c y a n o a c r y l a t e  monomer r e s u l t s  i n  t h e  r a d i o l a b e l  b e i n g  c o v a l e n t l y  l i n k e d  t o  t h e  

n a n o p a r t i c l e  m a t r i x  w i t h  a l a b e l l i n g  e f f i c i e n c y  o f  a p p r o x i m a t e l y  182. The 

r a d i o l a b e l l e d  n a n o p a r t i c l e s  s l o w l y  d e g r a d e  and release t h e  a c t i v i t y  i n t o  b u f f e r  

s o l u t i o n .  The release rate was r e l a t i v e l y  u n a f f e c t e d  by t h e  p r e s e n c e  o f  plasma 

p r o t e i n s  i n d i c a t i n g  t h a t  t h e  s y s t e m  s h o u l d  b e  s u i t a b l e  f o r  u s e  i n  v i v o .  

Keywords: N a n o p a r t i c l e ,  c o p o l y m e r i s a t i o n ,  technetium-99rn-dextran, p o l y ( b u t y 1  

2 - c y a n o a c r y l a t e )  

INTRODUCTION 

S y n t h e t i c  m i c r o s p h e r e s  h a v e  a t t r a c t e d  much a t t e n t i o n  i n  r e c e n t  y e a r s  ap 
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p o t e n t i a l  d r u g  ca r r i e r s  f o r  u s e  i n  s i t e  s p e c i f i c  d r u g  d e l i v e r y ; .  T h e s e  

p a r t i c l e s  are c a p a b l e  of s o r b i n g  d r u g  m o l e c u l e s  and t h e r e b y  m o d i i y i n g  t h e  

t i s s u e  d i s t r i b u t i o n  of a w i d e  r a n g e  of compounds. This i n  t u r n  c a n  l e a d  t o  a 

marked i n c r e a s e  i n  t h e  t h e r a p e u t i c  i n d e x  of t h e  drug2.  Of t h e  s y s t e m s  c u r r e n t l y  

u n d e r  i n v e s t i g a t i o n ,  n a n o p a r t i c l e s  composed of p o l y  t a l k y 1  2 - c y a n o a c r y l a t e )  h a v e  

shown p r o m i s e  and meet many of  t h e  c r i te r ia  r e q u i r e d  of a d r u g  carrier sys tem3.  

The fac tors  a f f e c t i n g  t h e  i n t e r a c t i o n  of i n j e c t e d  c o l l o i d s  w i t h  serum components  

and t he i r  s u b s e q u e n t  b i o d i s t r i b u t i o n  are well u n d e r s t o o d  and  i n c l u d e  p a r t i c l e  

s i z e ,  s u r f a c e  charge a n d  s u r f a c e  h y d r o p h o b i c i t y 4 .  I n  o r d e r  t o  d e t e r m i n e  

t h e  a f f e c t  of  t h e s e  p a r a m e t e r s  o n  t h e  d i s t r i b u t i o n  p a t t e r n  o f  p o l y ( b u t y 1  

2 - c y a n o a c r y l a t e )  n a n o p a r t i c l e s  i n  t h e  body it is  n e c e s s a r y  t o  l a b e l  t h e  s y s t e m  

w i t h  a s u i t a b l e  r a d i o l a b e l .  N a n o p a r t i c l e s  h a v e  been l a b e l l e d  p r e v i o u s l y 5 1  

w i t h  carbon-14 .  However, t h e  i n i t i a l  p r e p a r a t i o n  of t h e  1 4 C - l a b e l l e d  monomer 

is d i f f i c u l t  s i n c e  t h i s  compound is p r o n e  t o  s p o n t a n e o u s  p o l y m e r i s a t i o n  and 

y i e l d s  n a n o p a r t i c l e  s y s t e m s  w i t h  a w i d e  p a r t i c l e  s i z e  d i s t r i b u t i o n .  T h e  

s u b s e q u e n t  i n  v i v o  s t u d i e s  are h i g h l y  time consuming and t h e  possible i n t e r -  

f e r e n c e  from t h e  d e g r a d a t i o n  p r o d u c t s  of l a b e l l e d  p a r t i c l e s  is h a r d  t o  d e t e c t  

and e l i m i n a t e  s i n c e  t h e  b i o d i s t r i b u t i o n  of these components  c a n n o t  b e  d e t e r m i n e d  

r e a d i l y .  

A l t e r n a t i v e l y ,  i f  n a n o p a r t i c l e s  c o u l d  be r a d i o l a b e l l e d  w i t h  a gamma-emitting 

r a d i o n u c l i d e  t h e  d i s t r i b u t i o n  c o u l d  b e  f o l l o w e d  by gamma s c i n t i g r a p h y .  This 

a p p r o a c h  h a s  s e v e r a l  a d v a n t a g e s  o v e r  b e t a  c o u n t i n g .  In p a r t i c u l a r ,  it r e q u i r e s  

small numbers  of a n i m a l s  y e t  p r o v i d e s  much d a t a  o n  t h e  k i n e t i c s  of u p t a k e .  For 

t h i s  r e a s o n  gamma s c i n t i g r a p h y  h a s  b e e n  u s e d  t o  d e t e r m i n e  t h e  f a t e  of 

c o l l o i d a l  s y s t e m s  s u c h  as l i p o s o m e s 7 ,  m i c r o s p h e r e s 8  a n d  e m u l s i o n s 9  i n  a 

r a n g e  of animals ( ra t s ,  mice, r a b b i t s ,  d o g s ) .  

This p a p e r  describes a s i m p l e  p r o c e d u r e  for  t h e  r a d i o l a b e l l i n g  of p o l y ( b u t y 1  

2 - c y a n o a c r y l a t e )  n a n o p a r t i c l e s  u s i n g  a technet ium-9%-dext ran  complex.  
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MATERIALS 

Dextran 10 (molecu la r  weight 9000) ,  bovine  serum albumin and s t annous  ch lor ide  

were purchased from Sigma (UK). Butyl  2 -cyanoac ry la t e  was a g i f t  from Sichel- 

Werke (FRG) and was s t o r e d  d e s i c c a t e d  a t  4'C. 

Sepharose  CL 4B was purchased from Pharmacia (UR) and s t e r i l i s e d  by a u t o c l a v i n g  

a c c o r d i n g  t o  the manufac tu re r ' s  i n s t r u c t i o n s .  A l l  o ther  chemicals were o f  

r e a g e n t  grade and used as purchased. 9WTc04- was e l u t e d  i n  normal s a l i n e  

from a g e n e r a t o r  (Amersham I n t e r n a t i o n a l  p l c  (UK)). 

Sil ica  gel impregnated glass f i b r e  sheets (1  TLC-SG) f o r  t h i n  l a y e r  chromato- 

graphy were ob ta ined  from Gelman I n s t r u m e n t s  ( U S A ) .  The chromatograms were 

scanned by a radiochromatogram scanne r  c o n s t r u c t e d  by t h e  Department of Medical 

Phys ic s ,  Queen ' s  Medical Cen t re ,  Nottingham. Gamma c o u n t i n g  was performed u s i n g  

a n  I n t e r t e c h n i q u e  (France)  CG4000 au tomat i c  gamma well c o u n t e r .  

The particle s i z e  of t h e  n a n o p a r t i c l e s  was determined  by photon c o r r e l a t i o n  

spec t roscopy10  u s i n g  a commercially a v a i l a b l e  sys tem (Malvern (UK)) . 

METHODS 

I n c o r p o r a t i o n  of a technetium-99m-dextran complex i n t o  n a n o p a r t i c l e s  

The 99mTc-dext ran  complex  was preformed by a m o d i f i c a t i o n  of t h e  method 

d e s c r i b e d  by Henze e t  a l l l .  T h i s  i n v o l v e d  a d d i n g ,  w i t h  v i g o r o u s  m i x i n g ,  

a 105 w/v d e x t r a n  10 s o l u t i o n  i n  deoxygenated d i s t i l l e d  water ( l b l )  t o  a 

s o l u t i o n  of s t a n n o u s  c h l o r i d e  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 6 m g / m l )  

(0.05~1). This s o l u t i o n  (2 .2~11)  was f i l tered (0.2pm membrane f i l t e r )  and mixed 

w i t h  t h e  e l u a t e  ( 1 m l )  from a 99mTc g e n e r a t o r  c o n t a i n i n g  2MBq of a c t i v i t y .  

Af t e r  10 minu tes  t h i s  was d i l u t e d  t o  l l m l  w i t h  deoxygenated d i s t i l l e d  water and 

9.8ml was f i l tered (0.2pm membrane f i l t e r )  i n t o  a McCartney v i a l  f i t t e d  wi th  a 

glass covered  magnet ic  stirrer bar. To t h i s  s o l u t i o n  was added b u t y l  2-cyano- 

a c r y l a t e  (0.2ml) and t h e  m i x t u r e  r a p i d l y  stirred f o r  1.75 hours .  After t h i s  time 
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0.5M p h o s p h a t e  b u f f e r  (pH7) ( l m l )  was added and s t i r r i n g  c o n t i n u e d  for  a f u r t h e r  

1 5  m i n u t e s .  The s u s p e n s i o n  (2 .5ml)was  t h e n  p a s s e d  t h r o u g h  a 1 x 20cm S e p h a r o s e  

CL 4 8  column which had been p r e - c o n d i t i o n e d  w i t h  'cold' n a n o p a r t i c l e  s u s p e n s i o n  

( 2 m l )  f l u s h e d  t h r o u g h  w i t h  p h o s p h a t e  b u f f e r e d  s a l i n e  (PBS)  (pH71 ( 3 0 m l ) .  

The labe l led  n a n o p a r t i c l e s  were e l u t e d  w i t h  PBS (pH7) and t h e  a c t i v i t y  i n  each 

lml  f r a c t i o n  was d e t e r m i n e d  by gamma c o u n t i n g  and e x p r e s s e d  a s  a p e r c e n t a g e  of 

t h e  t o t a l  a c t i v i t y  added t o  t h e  column. The t o t a l  n a n o p a r t i c l e  e l u t i o n  volume 

was found t o  be 2.51111 which had a s o l i d s  c o n t e n t  of 33mg. 

Thin  l a y e r  chromatography was per formed o n  t h e  99mTc-dextran s o l u t i o n  p r i o r  t o  

a d d i t i o n  of t h e  m o n m e r  and on t h e  n a n o p a r t i c l e  s o l u t i o n s  before and af ter  gel  

f i l t r a t i o n .  S i l i ca  ge l  impregnated  glass f i b r e  sheets were used w i t h  0.9% w/v 

sodium c h l o r i d e  as t h e  s o l v e n t  and t h e  r a d i o s c a n s  of t h e  chromatograms recorded. 

Release of a c t i v i t y  from g w T c - d e x t r a n  l a b e l l e d  n a n o p a r t i c l e s  

The l abe l l ing  p r o c e d u r e  was r e p e a t e d  as above  and column f r a c t i o n s  c o n t a i n i n g  a 

t o t a l  of  50mg of l a b e l l e d  n a n o p a r t i c l e s  were c o m b i n e d  ( o b t a i n e d  from two 

s e p a r a t e  column e l u t i o n s ) .  The s u s p e n s i o n  was t h e n  f l o c c u l a t e d  by f r e e z i n g  

r a p i d l y  w i t h  l i q u i d  n i t r o g e n  and t h e n  t h a w i n g .  F l o c c u l a t i o n  of t h e  s u s p e n s i o n  

allowed r a p i d  c e n t r i f u g a t i o n  of t h e  p a r t i c l e s  u s i n g  a low s p e e d  c e n t r i f u g e .  The 

f l o c c u l a t e d  s u s p e n s i o n  was t h e n  d i s p e r s e d  i n  l O O m l  of PBS (pH 7 .4)  o r  PBS 

(pH7.4)  c o n t a i n i n g  1% w/v b o v i n e  serum albumin .  These  s u s p e n s i o n s  were s t i r r e d  

a t  37'C f o r  24 h o u r s  and 5ml s a m p l e s  were wi thdrawn p e r i o d i c a l l y .  The s a m p l e s  

were c e n t r i f u g e d  r a p i d l y  and t h e  a c t i v i t y  free i n  s o l u t i o n  d e t e r m i n e d  by gamma 

c o u n t i n g  and e x p r e s s e d  as  a p e r c e n t a g e  of t h e  to tal  a c t i v i t y  added t o  t h e  

d i s s o l u t i o n  medium. 

P a r t i c l e  s i z e  a n a l y s i s  

The n a n o p a r t i c l e  s u s p e n s i o n  ( 0 . 2 m l ) o b t a i n e d  from t h e  gel f i l t r a t i o n  column was 

d i l u t e d  t o  2 h l  w i t h  f i l t e r ed  (0.2ym membrane f i l t e r )  d i s t i l l e d  water. T h i s  

s a m p l e  was t h e n  a n a l y z e d  by p h o t o n  c o r r e l a t i o n  s p e c t r o s c o p y l 0  t o  g i v e  a n  

a v e r a g e  v a l u e  ( n = 1 5 )  fo r  t h e  d i a m e t e r  of  t h e  n a n o p a r t i c l e s .  
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SCHME 1 

Proposed mechanism of t h e  c o v a l e n t  l i n k a g e  of d e x t r a n  t o  t h e  c y a n o a c r y l a t e  

po lymer .  

RESULTS AND DISCUSSION 

N a n o p a r t i c l e s  are formed by a n  a q u e o u s  d i s p e r s i o n  p o l y m e r i s a t i o n  of a n  a l k y l  

2 - c y a n o a c r y l a t e  (eg. b u t y l )  i n  t h e  p r e s e n c e  of a polymeric s t a b i l l s i n g  a g e n t  

s u c h  a s  a d e x t r a n  or  n o n i o n i c  s u r f a c t a n t l 2 .  Weak n u c l e o p h i l e s ,  s u c h  as  

water or alcohol ,  are c a p a b l e  of i n i t i a t i n g  p o l y m e r i s a t i o n  due  t o  t h e  polari- 

s a t i o n  of t h e  d o u b l e  bond of t h e  monomer c a u s e d  by t h e  h i g h l y  e l e c t r o n e g a t i v e  

a l k o x y c a r b o n y l  and n i t r i l e  g r o u p s .  I n  t h i s  way p o l y h y d r o x y l  s t a b i l i s e r s  s u c h  as 

d e x t r a n s  become c o v a l e n t l y  a t t a c h e d  t o  t h e  n a n o p a r t i c l e  m a t r i x  when added t o  t h e  

p o l y m e r i s a t i o n  medium a s  shown i n  s c h e m e  1 1 2 .  T h e r e f o r e ,  t h e  a b i l i t y  of  

99mTc t o  form a c o m p l e x  w i t h  d e x t r a n ,  t h a t  i s  s t a b l e  b o t h  i n  v i t r o  a n d  

i n  v i v o l l , l 3 ,  c a n  be  u t i l i s e d  for t h e  r a d i o l a b e l l i n g  of  n a n o p a r t i c l e s .  

The 9 W T c - d e x t r a n  complex is formed af ter  r e d u c t i o n  of p e r t e c h n e t a t e  w i t h  

s t a n n o u s  i o n  a c c o r d i n g  t o  t h e  f o l l o w i n g  mechanism' 

This complex was r e l a t i v e l y  s i m p l e  t o  p r e p a r e  and c o u l d  be used  d i r e c t l y  i n  

place of o r d i n a r y  d e x t r a n  for t h e  f o r m a t i o n  of n a n o p a r t i c l e s .  The r e s u l t i n g  

p a r t i c l e  s i z e  was u n a f f e c t e d  by t h e  l a b e l l i n g  p r o c e d u r e ,  g i v i n g  a n  a v e r a g e  
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Cumulative fraction volume Iml) 
FIGURE 1 

Radioact ivi ty  found i n  each lml e l u t e d  from a Sepharose CL4B g e l  f i l t r a t i o n  

column expressed as a percentage o f  t h e  to ta l  a c t i v i t y  added t o  t h e  column. 

*denotes t h e  major nanopar t ic le  f r a c t i o n s .  

diameter of 126nm. Label led nanopar t ic les  were r e a d i l y  separated from free 

r a d i o l a b e l  by g e l  f i l t r a t i o n  chromatography. On passing through a Sepharose 

CL 4B column, t h e  small dextran molecules were re ta ined  t o  a much g r e a t e r  ex ten t  

than t h e  r e l a t i v e l y  large nanopar t ic les  which were e lu ted  i n  t h e  column void 

volume. The use o f  dextran 10, as opposed t o  higher molecular weight dextrans,  

enhanced t h e  separat ion and allowed the use of r e l a t i v e l y  shor t  columns. T h i s  

was necessary i n  order  t o  keep d i l u t i o n  of the  nanopar t ic le  f r a c t i o n  t o  a 

minimum. The e l u t i o n - a c t i v i t y  p r o f i l e  f o r  t h i s  system is  given i n  f i g u r e  1. The 

combined nanopart ic le  f r a c t i o n s  were found t o  contain approximately 21% of  t h e  

a c t i v i t y  added t o  t h e  column. Centr i fugat ion (20000 r p )  of these p a r t i c l e s  

ind ica ted  tha t  88% of t h i s  a c t i v i t y  was f i rmly bound t o  t h e  nanopart ic les ,  

giving a l a b e l l i n g  e f f i c i e n c y  o f  18.5%. 

Thin layer chromatography of t h e  gwTc-dextran complex showed t h a t  most of t h e  

a c t i v i t y  moved a t  t h e  solvent  f r o n t  ( f i g u r e  2a) .  This indicated t h a t  9*Tc 

l a b e l l e d  t i n  c o l l o i d ,  which would remain a t  t h e  o r i g i n ,  was not formed t o  any 

s i g n i f i c a n t  e x t e n t ,  i n  agreement  w i t h  Henze e t  a l l 1 .  It  was i m p o r t a n t  t o  

demonstrate t h e  absence o f  t i n  c o l l o i d  from t h e  labelled dextran s o l u t i o n  s ince  

t h i s  substance could i n t e r f e r e  w i t h  t h e  subsequent work i n  vivo. Both 9-Tc-tin 
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FIGURE 2 

Radiochromatograms of ( A )  g%Tc-dextran 10, (B) t h e  n a n o p a r t i c l e  suspens ion  

i s o l a t e d  after po lymer i sa t ion  and (C) t h e  n a n o p a r t i c l e  suspens ion  isolated from 

t h e  gel f i l t r a t i o n  column. 

co l lo id  and t h e  n a n o p a r t i c l e s  would be expec ted  t o  show predominant h e p a t i c  

c l e a r a n c e  which would be d i f f i c u l t  t o  r e s o l v e .  

Similar chromatographic  a n a l y s i s  of t h e  n a n o p a r t i c l e  suspens ion  p r i o r  t o  gel  

f i l t r a t i o n  showed approximate ly  18s of t h e  a c t i v i t y  t o  remain a t  t h e  o r i g i n  

due  t o  i n c o r p o r a t i o n  i n t o  n a n o p a r t i c l e s  ( f i g u r e  2b ) .  T h i s  v a l u e  i s  i n  good 

agreeement w i t h  t h e  r e s u l t s  o b t a i n e d  af ter  c e n t r i f w 3 a t i o s  o f  t h e  n a n o p a r t i c l e s  

e l u t e d  from t h e  column. Chromatographic a n a l y s i s  o f  n a n o p a r t i c l e s  isolated 

from t h e  column showed t h a t  most o f  t h e  a c t i v i t y  remained a t  t h e  o r i g i n  and no 

d i s t i n c t  band of a c t i v i t y ,  due t o  t h e  free complex, cou ld  be detected a t  t h e  

s o l v e n t  f r o n t  ( f i g u r e  2 c ) .  

When these radiolabelled n a n o p a r t i c l e s  were d i s p e r s e d  i n  PBS or PBS c o n t a i n i n g  

bovine  serum albumin a low bu t  s t e a d y  release was ob ta ined  ove r  a per iod of 21, 

hour s .  This release was r e l a t i v e l y  unaf fec ted  by t h e  presence  of p r o t e i n  as 

shown in f i g u r e  3. S i n c e  t h e  technetium-9%-dextran complex is known t o  be 

h i g h l y  stable t h e  release of a c t i v i t y  is b e l i e v e d  t o  be due t o  degrada t ion  o f  

n a n o p a r t i c l e s  g l v i n g  rise t o  free gwTc-dext ran  i n  s o l u t i o n .  The s t a b i l i t y  o f  

t h e  r a d i o l a b e l  i n  t h e  p resence  of  bovine serum albumin is a n  impor t an t  f a c t o r  

c o n s i d e r i n g  t h e  in t ended  u s e  of t h e  system i n  v ivo .  It has  been found t h a t  o t h e r  
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n o n - c o v a l e n t l y  l i n k e d  r a d i o p h a r m a c e u t i c a l s  , s u c h  a s  1 3 l  I-labelled rose bengal 

and indium-111-oxine d e s p i t e  d i s p l a y i n g  good s t a b i l i t y  i n  b u f f e r ,  are r a p i d l y  

l o s t  from n a n o p a r t i c l e s  i n  t he  p r e s e n c e  of  serum14.  

FIGURE 3 
.*C. 

p - 0  
Release of r a d i o a c t i v i t y  from 

g w T c - d e x t r a n  l a b e l l e d  nano- 

p a r t i c l e s  in p h o s p h a t e  b u f f e r e d  

s a l i n e  ( p H 7 . 4 ) ( 0 ) ,  and in p h o s p h a t e  

LO - W 

b u f f e r e d  s a l i n e  (pH7.4) c o n t a i n i n g  

, , , , I ,,,,. , 15 w/v b o v i n e  serum albumin  (0) 
2 1 6 0 10 12 2L 

Time (hours1 at  37'C. 

CONCLUSIONS 

D e s p i t e  t h e  low i n c o r p o r a t i o n  e f f i c i e n c y ,  t h e  t e c h n i q u e  d e s c r i b e d  is r e g a r d e d  as 

a s u i t a b l e  method for r a d i o l a b e l l i n g  d e x t r a n  s t a b i l i s e d  n a n o p a r t i c l e s .  Although 

t h e  slow release of a c t i v i t y  o b s e r v e d  i n  v i t r o  c o u l d  c a u s e  i n t e r f e r e n c e  when 

d e t e r m i n i n g  t h e  fa te  of t h e  c o l l o i d  in v i v o ,  r a p i d  f i l t r a t i o n  by normal  k i d n e y s  

of  t h e  f r e e  l a b e l  would be  e x p e c t e d  t o  m i n i m i s e  s u c h  effects .  

F o r  in v i v o  e x p e r i m e n t s  i t  is n e c e s s a r y  t o  i n c r e a s e  t h e  l e v e l  of added a c t i v i t y  

( i n  t h e  form of 9*Tc04-) t o  a p p r o x i m a t e l y  400 M E Q .  This p r o v i d e s  a f i n a l  

s u s p e n s i o n  of s u f f i c i e n t  s p e c i f i c  a c t i v i t y  t o  allow t h e  n a n o p a r t i c l e  d i s t r i b u t -  

i o n  t o  be f o l l o w e d  i n  r a b b i t s  o v e r  a p e r i o d  of a p p r o x i m a t e l y  1 2  h o u r s  a f t e r  t h e  

i n j e c t i o n  of n a n o p a r t i c l e  s u s p e n s i o n  (0.8ml). 

S t u d i e s  are now in p r o g r e s s  t o  d e t e r m i n e  t h e  fa te  of r a d i o l a b e l l e d  p o l y  ( b u t y l  

2 - c y a n o a c r y l a t e )  n a n o p a r t i c l e s  i n  r a b b i t s  f o l l o w i n g  i n t r a v e n o u s  i n j e c t i o n .  It 

is i n t e n d e d  t o  a l ter  t h e  normal  predominant  h e p a t i c  c l e a r a n c e  of these nano- 

p a r t i c l e s  by c o n t r o l l i n g  factors s u c h  as particle charge, s i z e  and hydro-  

p h o b i c i t y .  
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