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THE MANUFACTURE AND TUMOUR CELL UPTAKE OF 
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Nanoparticles with a diameter of between 100 and 800 nm can 

be made from gelatin or albumin using a desolvation and 

hardening technique. F l  uorescei n i sothiocyana te (F I TC) can 

be bound to the surface of such nanoparticles. The conju- 

gated gelatin nanoparticles were phagocytozed by some 

experimental tumour 1 ines. 

A number of malignant cell lines are known to be phagocytic. 

Some cytotoxic agents have been incorporated into 1 iposmes1y2 

and the product has been taken up by phagocytic cells. However 

liposomal products normally can only be stored for a maximum of a 

few weeks under the most stringent conditions. This type of 

therapy will be limited to those institutions which can make and 

use liposomes quickly. 
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564 OPPENHEIM AND STEWART 

Nanopart ic les may be a commercial ly v i a b l e  a l t e r n a t i v e  

c o l l o i d a l  drug d e l i v e r y  system. Nanopart ic les a r e  made by cross- 

l i n k i n g  p ro te ins  such as g e l a t i n  o r  albumin w i t h  glutaraldehyde 

under cond i t ions  when the p r o t e i n  i s  almost c ~ a c e r v a t i n g ~ ’ ~ .  

D iscre te  s o l i d  p a r t i c l e s  w i t h  a diameter o f  between 100 and 

800 nm can be obtained i n  a f reeze d r i e d  s ta te .  A d e t a i l e d  d i s -  

cussion o f  the nanopar t i c l e  concept i s  g iven  e l s e ~ h e r e ~ ~ ~ .  

FlTC w i l l  conjugate w i t h  p ro te ins  under a l k a l i n e  cond i t ions .  

Ward and Fo the rg i l 17  consider the €-amino group o f  l y s i n e  as the 

probable s i t e  of con jugat ion  i n  d i s c r e t e  p r o t e i n  molecules. Such 

conjugates are  used c l i n i c a l l y  i n  d i r e c t  t rac ing ,  plasma c l e a r -  

ance and immunological c learance procedures. 

As a f i r s t  step i n  the development o f  an economic c y t o t o x i c  

d e l i v e r y  system, i t  has t o  be 

taken up by tumour c e l l s .  Th 

of nanopart ic les,  the tagging 

r e s u l t s  o f  incubat ing tumour 

shown t h a t  nanopar t i c les  can be 

s note descr ibes the manufacture 

o f  t h e i r  surface w i t h  FlTC and the 

ines w i t h  the tagged nanopar t i c les .  

EXPERIMENTAL 

( i )  Manopart ic le Manufacture. Ge la t i n  nanopar t i c les  were pre- 

pared using g e l a t i n  type I I  ( l o t  no. 28B-0590) from swine s k i n  

(Sigma Chemical Company, USA),  Human Serum Albumin, Cohn F rac t i on  

V (HSA) (Commonwealth Serum Labs., Melbourne), Polysorbate 20 BPC 

( I C I  A u s t r a l i a  L td ) ,  and glutaraldehyde 2 5  per cent w/v aqueous 

s o l u t i o n  (Koch-Light Laborator ies,  England). Sephadex G-5Om 
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NANOPARTICLES LABELLED WITH FITC 565 

(Pharmacia South Seas P ty .  L td . ,  Sydney) and Sodium su lpha te  

anhydrous (A jax )  were used as rece ived .  A l l  o t h e r  chemicals  used 

were AR grade. 

A Nepho-colorirneter, Model 9, (Coleman Inst ruments Corpora- 

t i o n ,  USA) was used t o  m o n i t o r  changes i n  i n t e n s i t y  o f  s c a t t e r e d  

l i g h t  d u r i n g  the d e s o l v a t i o n / r e s o l v a t i o n  s teps i n  t h e  n a n o p a r t i c l e  

manufacture.  A S i l v e r s o n  l a b o r a t o r y  homogenizer f i t t e d  w i t h  a 

microhead, an  l s c o  F r a c t i o n  C o l l e c t o r  (Model 1200 Pup) and a 

Dynavac FD2 Freeze D r i e r  were a l s o  used. 

Ten m l  o f  a s o l u t i o n  o f  1% g e l a t i n  I I  and 0.5% Po lyso rba te  

20 was made and e q u i l i b r a t e d  a t  35°C. Seven m l  o f  20% w/v sodium 

s u l p h a t e  was added, w h i l s t  s t i r r i n g  w i t h  a magnetic s t i r r i n g  bead, 

u n t i l  t h e  i n t e n s i t y  o f  s c a t t e r e d  l i g h t ,  mon i to red  by a nephelo- 

meter ,  rose r a p i d l y  and t h e  system was permanently f a i n t l y  t u r b i d .  

1 .2 m l  o f  isopropanol  was added u n t i l  t he  t u r b i d i t y  disappeared 

and t h e  i n t e n s i t y  o f  t h e  s c a t t e r e d  l i g h t  decreased to  a p r e d e t e r -  

mined p o i n t  (nephelos number o f  under S O ) .  

The l a b o r a t o r y  homogenizer was then used t o  a g i t a t e  t h e  

system as 0.4 m l  o f  a 25% aqueous s o l u t i o n  o f  g l u t a r a l d e h y d e  was 

added i n  one a l i q u o t .  The hardening process was a l l owed  t o  con- 

t i n u e  f o r  11 minutes a t  35°C when i t  was te rm ina ted  by t h e  a d d i -  

t i o n  o f  5 m l  o f  a 12% sodium m e t a b i s u l p h i t e  s o l u t i o n .  A f t e r  

s u f f i c i e n t  t ime  f o r  t h e  t e r m i n a t i o n  r e a c t i o n  t o  occur ,  t h e  c rude  

system was f r o z e n  i n  a d r y  i ce /ace tone  b a t h  and d r i e d  o v e r n i g h t  

on t h e  f r e e z e  d r i e r .  
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566 OPPENHEIM AND STEWART 

To make albumin nanopar t i c les ,  10 m l  o f  a 5% HSA and 2% 

Polysorbate 20 s o l u t i o n  was desolvated a t  35°C w i t h  4.2 m l  o f  

40% ammonium sulphate and reso lva ted  w i t h  0.5 m l  of isopropanol. 

0.2 rnl o f  5% g lu ta ra ldehyde was added i n  one a l i q u o t  and homo- 

genized f o r  10 minutes. One m l  o f  12% sodium metabisulphate was 

then added t o  terminate the reac t ion .  The crude system was then 

freeze d r ied .  

Excess s a l t s  and low molecular weight species can be removed 

by passing 30 m l  of a 10% crude nanopar t i c l e  system through a 

320 m l  Sephadex 6-50 m column. The nanopar t i c les  appear i n  the 

vo id  volume when 0.04% ch lo rbu to l  s o l u t i o n  i s  used as the  e luant .  

The low molecular weight species a r e  e lu ted  a f t e r  the nanopar t i -  

c les .  The appropr ia te  f r a c t i o n s  can then be c o l l e c t e d  and f reeze 

d r ied .  Scanning e l e c t r o n  micrographs of the powdered desal ted 

product were made. 

Freeze d r i e d  nanopar t i c les  have been s to red  f o r  one year and 

then t h e i r  d ispers  b i l i t y  i n  aqueous systems evaluated. F i ve  

female mice were g ven weekly intravenous i n j e c t i o n s  o f  drug f r e e  

nanopar t i c les  over a twelve week per iod.  The mice were then he ld  

fo r  a f u r t h e r  twelve weeks. G e l a t i n  nanopar t i c les  were autoclaved 

a t  121°C f o r  1 5  minutes. 

( i i )  Conjugation w i t h  FITC. The coup l ing  method o u t l i n e d  by 

Nai rn*  was fol lowed. 

solved i n  4 m l  o f  water and 1 mg of FITC i n  a phosphate b u f f e r  

of pH 9 added s lowly .  The pH was ra i sed  t o  9.5 w i t h  0.1 M 

Na3P04 and the  mix tu re  al lowed t o  reac t  a t  25*C f o r  30 minutes. 

80 mg o f  p u r i f i e d  nanopar t i c les  were d i s -  
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NANOPARTICLES LABELLED WITH FITC 567 

Salts and unreacted FITC were removed by gel chromatography 

through Sephadex 6-50 in a cold room maintained at 4°C. 

volume fractions containing the conjugate were freeze dried 

efficirnc;/ of binding was determined by collecting the fractions 

containing the unbound FITC, making up to 250 ml and measuring 

the absorbance at 492 nm on a Cary 118 UV-VIS spectrophotaneter. 

The void 

The 

1 mg of FITC labelled gelatin nanoparticles were aseptically 

placed in 10 ml of tryptone soya bean broth and incubated at 37°C 

for 48 hours. No evaluation of viral contamination has been 

undertaken but such contamination could be avoided by selection 

of starting materials and control of manufacturing procedures. 

( i  i i )  Cellular Uptake. FITC labelled nanoparticles were incu- 

bated in a a modification - Eagles minimal essential medium for 18 
hours with a number of experimental tumour lines. The t m o u r  

lines (all of which are transplantable into EALB/c mice) included 

EMT6 (mouse mammary); WEHI-3 (mouse myelomonocytic) and SP-1 (rat 

squamous cell). These cell 1 ines are known not to take up free 

FITC. Samples of the incubated cells were examined in a fluo- 

rescent microscope. Cellular uptake of the nanoparticles was 

seen as a well defined yellow cell against a black background. 

RESULTS AND DISCUSSION 

( i )  Nanoparticle Manufacture. The micrograph (Figure 1) shows 

spherical, fairly uniform sized gelatin nanoparticles of approx- 

imately 500 nm diameter. The albumin nanoparticles used were of 

similar size. The other similar nanoparticles which had been 
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568 OPPENHEIM AND STEWART 

FIGURE 1 Scanning electron micrograph of gelatin nanoparticles 

after conjugation with FlTC 

stored for one year were successfully dispersed in aqueous 

systems. The extended weekly injections into mice produced no 

i l l  effects and the mice appeared normal after the further twelve 

week holding period. 

( i i )  Conjugate with FITC. Using the gelatin nanoparticles, the 

binding reaction was about 60% efficient. However, with the 

albumin nanoparticles it was about 85% efficient. Since FlTC can 

be conjugated to the surface of gelatin or albumin nanoparticles, 

it shows that surface amino groups are not totally consumed in 
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NANOPARTICLES LABELLED WITH FITC 569 

the glutaraldehyde c ross l i nk ing  process. These amino surface 

s i t e s  may be u t i l i s e d  t o  bind drug molecules and then the nano- 

p a r t i c l e  system used t o  d e l i v e r  the drug t o  i t s  desired s i t e  o f  

ac t ion .  This approach i s  c u r r e n t l y  under examination. 

For parenteral  use i t  i s  important t ha t  the prepara t ion  i s  

s t e r i l e  and apyrogenic. I t  i s  poss ib le  t o  ob ta in  h igh  q u a l i t y  

g e l a t i n  f o r  medical use and g e l a t i n  preparat ions can be s t e r i -  

l i z e d  by autoclaving w i thout  excessive degradation occur r ing .  

Prolonged heating o f  the so lu t ions  w i l l  hydrolyze the g e l a t i n  and 

produce smaller pept ide chains? No gross changes were observed i n  

the scanning e lec t ron  microscope when g e l a t i n  nanopar t i c le  pre- 

parat ions were autoclaved. No t u r b i d i t y  developed when FITC 

labe l l ed  g e l a t i n  nanopart ic les were incubated i n  the t ryp tone 

soya bean broth,  i nd i ca t i ng  the absence o f  aerobic bac te r ia  and 

fungi  i n  the  nanopar t i c le  product. 

( i i i )  

80% o f  the c e l l s  showing incorpora t ion  o f  the l abe l l ed  g e l a t i n  

nanopart ic les.  SP-1 had most o f  i t s  c e l l s  showing uptake, bu t  

t h a t  uptake was not as strong as tha t  w i t h  EMT 6. 

myelomonocyric tumour WEHI-3 had about 10% o f  the c e l l s  showing 

strong uptake. None o f  the c e l l  l i n e s  t r i e d  took up albumin 

nanopart ic les l abe l l ed  w i t h  FITC. Other c e l l  l i n e s  are  c u r r e n t l y  

being, screened f o r  bo th  g e l a t i n  and albumin nanopar t i c le  uptake. 

Ce l l u la r  Uptake. The mouse mammary tumour EMT 6 had up t o  

The mouse 

Since some c e l l  l i n e s  show uptake o f  nanopart ic les,  a new 

cy to tox i c  d e l i v e r y  system may be possible.  However, before t h i s  

can be rea l i sed ,  cy to tox i c  agents would have t o  be incorporated 
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570 OPPENHEIM AND STEWART 

into nanoparticles and those nanoparticles evaluated against the 

cell line screen. A suitable formulation procedure would have 

to be devised to direct the nanoparticles to the tumour cells 

rather than to the phagocytic Kupffer cells of the liver. Like- 

wise as it is kncwn that nanoparticles can be tagged with 

99mTc6 i t  may be possible to develop a tumour scanning agent. 

CONCLUSIONS 

Gelatin and albumin nanoparticles can be surface conjugated 

with fluorescein isothiocyanate. This shows that not all the 

surface amino groups are consumed in the manufacture of nano- 

particles. Some cell lines take up gelatin nanoparticles. The 

feasibility of a cytotoxic delivery system based on nanoparticles 

now has to be explored. 
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