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Abstract 

Two alternative techniques, one involving extraction into dichloromethane (DCM) and the other polymer 
hydrolysis by sodium hydroxide (NaOH), and extraction by sodium dodecyl sulphate (SDS), were assessed for their 
ability to determine the levels of three model proteins, bovine serum albumin (BSA), ovalbumin and lysozyme, 
entrapped in poly(lactide-co-glycolide) microparticles. In addition, the two techniques were compared with two more 
widely used techniques for the quantitation of proteins and peptides, polyacrylamide gel electrophoresis (SDS-PAGE) 
followed by scanning densitometry, and amino acid analysis (AAA). As a control, BSA was radiolabelled to allow an 
accurate determination of the total level of protein entrapped in microparticles. The results showed that NaOH/SDS 
extraction resulted in accurate determinations of the levels of proteins entrapped in microparticles, but that 
extraction into DCM resulted in underestimations of the total amount of protein present. AAA also resulted in 
accurate determinations of the levels of entrapped proteins, but SDS-PAGE resulted in underestimations. 
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In recent years, a large number  of recombi- 
nant proteins and synthetic peptides have been 
deve loped  as poten t ia l  the rapeu t ic  agents  
(Holden, 1990). Since in general, these materials 
are poorly absorbed following oral delivery and 
are not well absorbed from alternative routes, the 
delivery of proteins and peptides using controlled 
release delivery systems has become an important  
area of investigation. Controlled release from 
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parenterally administered devices offers potential 
for reducing the total number,  or frequency, of 
injections required for effective therapy. The sys- 
tems most commonly employed for the controlled 
delivery of proteins and peptides comprise mi- 
croparticles prepared from the poly(lactide-co- 
glycolide) (PLG) polymers. Microparticles have 
also been shown to be effective for the delivery of 
antigens by the oral (Eldridge et al., 1990; 
O 'Hagan  et al., 1993a) and parenteral  routes 
(Eldridge et al., 1991; O 'Hagan  et al., 1993b). 
Hence,  the ent rapment  of antigens into PLG 
microparticles is an area of considerable interest, 
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which offers potential for the development of 
single dose vaccines (Eldridge et al., 1991; 
O'Hagan et al., 1993b). Nevertheless, a crucial 
issue in the development of such formulations is 
the accurate determination of the levels of pro- 
teins and peptides entrapped in microparticles. 
Although accurate determinations may be per- 
formed during in vitro release studies, since the 
rate of release of peptides and proteins from 
microparticles is mainly dependent on polymer 
degradation, such studies are slow to provide 
data. Therefore, two alternative techniques have 
been developed to more rapidly remove en- 
trapped proteins from PLG microparticles. One 
such technique involves the dissolution of the 
microparticles in dichloromethane (DCM), fol- 
lowed by extraction of the entrapped proteins 
into water (Ogawa et al., 1988; Cohen et al., 1991; 
Eldridge et al., 1990, 1991). A second technique 
involves alkaline hydrolysis of the microparticles 
and extraction of the entrapped protein into SDS 
(Hora et al., 1990; Jeffery et al., 1993). 

In early studies with a model protein, ovalbu- 
min (OVA), it became clear that the DCM ex- 
traction method resulted in an underestimation 
of the total level of protein entrapped in mi- 
croparticles (Jeffery, 1992). Therefore, the cur- 
rent studies were undertaken to compare the two 
methods of protein extraction from PLG mi- 
croparticles, using three different model proteins, 
OVA, BSA and lysozyme (LYS). In addition, two 
alternative techniques, SDS-PAGE, followed by 
analysis of the stained gel using scanning densito- 
metry, and amino acid analysis (AAA) were also 
assessed for their ability to determine the levels 
of proteins entrapped in microparticles. As a 
control, the amount of BSA entrapped in PLG 
microparticles was accurately determined follow- 
ing radiolabeling (125I-bovine serum albumin). 

Microparticles (mean size of each batch < 5 
/.~m) were prepared with entrapped OVA, BSA 
and LYS (Sigma Chemical Co., Dorset), using the 
method described by Jeffery et al. (1993). For 
each of the model proteins, at least three individ- 
ual batches of microparticles were prepared as 
follows; 10 ml of a 6% w/v  solution of PLG 
(co-polymer composition 50:50, Resomer RG 505, 
Boehringer Ingelheim, Germany) in DCM (May 

and Baker, Essex) was emulsified together with 1 
ml of a 6% w/v  solution of protein using a 
Silverson homogeniser (Silverson Instruments, 
Chesham, Bucks) at 12400 rpm. The resulting 
water in oil (w/o) emulsion was then emulsified 
with 20 ml of a 10% w/v  solution of polyvinyl 
alcohol (PVA) (Aldrich Chemical Co., Dorset) to 
produce a water in oil in water (w/o /w)  emul- 
sion. This emulsion was stirred overnight using a 
magnetic stirrer, under ambient temperature and 
pressure, to allow solvent evaporation and mi- 
croparticle formation. The microparticles were 
collected by centrifugation, washed three times in 
double-distilled water and freeze dried. 

The microparticles were sized by laser diffrac- 
tometry using a Malvern Mastersizer $3.00 
(Malvern Instruments, Malvern, UK) prior to the 
assessment of their protein content. The protein 
content of the microparticles was determined fol- 
lowing extraction of the entrapped proteins using 
two different methods. The first method involved 
a DCM extraction process and the second, an 
alkaline hydrolysis extraction method. 

The DCM extraction method was performed 
as previously described (Ogawa et al., 1988; Co- 
hen et al., 1991; Eldridge et al., 1990, 1991). 
Briefly, 20-25 mg of microparticles, accurately 
weighed, were dissolved in 5.0 ml of DCM with 
the aid of overnight shaking. Three 3-ml volumes 
of distilled water were each shaken with the 
samples for 20 min; following centrifugation, they 
were then collected and adjusted to a final vol- 
ume of 10 ml. The protein content of the com- 
bined water fractions was then determined using 
a Bicinchoninic protein assay (BCA) (Sigma). 

The alkaline hydrolysis method was performed 
as previously described (Hora et al., 1990; Jeffery 
et al., 1993). Briefly, 10-15 mg of microparticles, 
accurately weighed, were shaken overnight with 3 
ml of 5% w/v SDS (Sigma) in 0.1 M sodium 
hydroxide solution (NaOH/SDS). Following cen- 
trifugation, the protein content of the super- 
natant was determined using a BCA assay. 

For each batch of microparticles containing 
each protein, the protein extraction techniques 
were performed in triplicate. Blank microparti- 
cles without entrapped protein were also ex- 
tracted using each technique, to provide back- 
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ground readings for the BCA assays. The BCA 
assay (Smith et al., 1985) was performed as de- 
scribed in the manufacturer 's  information. Briefly, 
standard curves were constructed using defined 
concentrations (50-1000 /.~g/ml) of the relevant 
protein, OVA, BSA and LYS. The 100/zl  of the 
extracted protein samples and standards were 
placed in borosflicate tubes and 2 ml of the BCA 
protein determining reagent was added. The tubes 
were then incubated in a water bath at 60°C for 
10-20 min. After cooling, the absorbances of the 
samples were read at 562 nm using a UV spec- 
t rophotometer  (LKB biochrom). 

Two additional techniques for the quantitation 
of proteins were also used to determine the levels 
of proteins entrapped in PLG microparticles. One 
of these techniques involved SDS-PAGE fol- 
lowed by analysis of the stained gel (Coomassie 
blue) by scanning densitometry (SD). The other 
technique involved AAA, which was performed 
after complete hydrolysis and derivatisation of 
the protein entrapped in the microparticles. 
SDS-PAGE was performed following extraction 

of the protein from the microparticles by shaking 
the microparticles overnight in reducing sample 
buffer, which contained SDS (2% w/v )  and mer- 
captoethanol (5% v/v) ,  and boiling for 3 min. 
The samples were loaded into a 12% gel along- 
side protein standards (2-12 /xg), which were 
used to construct a calibration curve and elec- 
trophoresed (Bio-Rad mini protean dual slab cell, 
Bio-Rad, California) for 45 min (Laemmli, 1970). 
The proteins were stained with Coomassie blue 
and destained overnight, prior to determining the 
sample concentrations by SD (Shimadzu dual- 
wavelength fly spot densitometer, Shimadzu, 
Japan). AAA was performed in three steps as 
follows; the protein in the microparticles was 
hydrolysed to yield free amino acids using 6 N 
hydrochloric acid in the vapour phase. The sam- 
ples were then derivatised with phenylthiocyanate 
(PITC) to produce phenylthiocarbamyl (PTC) 
amino acids, and the PTC amino acids were 
quantified by HPLC. 

As a control, to accurately determine the total 
level of protein entrapped in microparticles, BSA 

Table 1 
Percent protein entrapment (w/w) obtained using DCM water and NaOH/SDS extraction methods compared to AAA and 
SDS/PAGE followed by scanning densitometry 

Batch Extraction methods Amino acid analysis 

NaOH/SDS D C M / H 2 0  

SDS/PAGE gel densitometry 

Bovine serum albumin 
A 5.0 (0.12) 
B 4.6 (0.05) 
C 4.4 (0.95) 
D 5.9 (0.29) 
E 5.9 (0.40) 
F 5.6 (0.35) 
Ovalbumin 
G 7.0 (1.80) 
H 5.5 (0.14) 
I 5.4 (O.O2) 
J 6.5 (0.99) 
K 6.4 (0.94) 
L 5.4 (0.98) 
Lysozyme 
M 7.9 (0.40) 
N 6.0 (0.10) 
0 3.1 (0.10) 
P 6.7 (0.26) 
Q 5.7 (0.68) 
R 5.7 (2.10) 

4.5 (0.26) 
3.6 (0.03) 
2.6 (0.30) 
2.2 (1.38) 6.6 3.4 (0.50) 
1.6 (0.44) 6.7 6.8 (2.30) 
1.7 (0.38) 6.9 4.5 (1.00) 

0.7 (0.53) 
0.4 (0.05) 
0.5 (0.10) 
0.4 (0.13) 6.5 4.1 (0.98) 
0.3 (0.06) 8.8 4.4 (1.12) 
0.7 (0.25) 5.6 3.0 (1.60) 

5.9 (0.22) 
1.0 (0.04) 
1.3 (0.29) 
1.0 (0.59) 5.1 2.8 (0.70) 
0.7 (0.49) 5.3 2.1 (0.70) 
0.8 (0.54) 3.4 4.3 (1.02) 
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was radiolabelled with 1125 (Amersham Interna- 
tional, Amersham, UK) as described by Hudson 
and Hay (1989). The radiolabelled BSA (1 MBq 
initial activity per batch) was then mixed with 
unlabelled BSA, and entrapped in PLG mi- 
croparticles as described above. After prepara- 
tion, the protein content of the microparticles 
was determined by counting the radioactivity as- 
sociated with 10-15 mg, accurately weighed, sam- 
ples of the microparticles using a gamma counter 
(LKB 182 Compugamma LS, LKB Wallac, Fin- 
land). To confirm the efficiency of the 
NaOH/SDS protein extraction method, this ex- 
traction procedure was performed on the mi- 
croparticles with entrapped radiolabelled BSA 
and the radioactivity in the supernatant was 
counted as described above. 

The levels of the different proteins (% w/w 
loading) entrapped in the microparticles, which 
were determined using the different extraction 
techniques and the alternative quantitative assay 
methods are shown in Table 1. Three batches of 
microparticles were prepared using radiolabelled 
BSA, these batches contained 6.7, 6.2 and 7.8% 
w/w BSA, as determined by direct counting of 
the microparticles in the gamma counter. The 
NaOH/SDS protein extraction technique was ap- 
plied to these microparticles, and gamma count- 
ing of the supernatants showed that this method 
extracted, respectively, 91, 93 and 95% of the 
entrapped BSA. 

The current studies served to confirm and 
expand our previous observation, which indicated 
that DCM extraction of proteins from PLG mi- 
croparticles results in an underestimation of the 
total level of entrapped protein (Jeffery, 1992). 
The apparent underestimation is probably due to 
the inability of some proteins to completely parti- 
tion into the aqueous phase from the DCM, 
following extraction. This is perhaps not surpris- 
ing, since it has been shown on a number of 
occasions that due to their amphiphilic nature, 
proteins tend to associate with interfaces (Norde 
and Lykelma, 1991). The current studies indi- 
cated that the extent of underestimation of the 
protein content of PLG microparticles following 
DCM extraction, appears to be protein depen- 
dent. In general, the extent of underestimation 

would be expected to be greater for more hy- 
drophobic proteins, which would remain in the 
DCM, and would not partition into the aqueous 
phase during extraction. In the current studies, 
DCM extraction only appeared to determine 
about 10% of the total amount of OVA en- 
trapped in PLG microparticles. However, in our 
previous studies, using the same technique, the 
extent of underestimation of the levels of OVA 
entrapped in microparticles was considerably less 
(Jeffery, 1992). Hence, this finding illustrates an 
additional problem with DCM extraction, which 
became apparent during the current studies. 
DCM extraction of proteins from microparticles 
showed a lack of reproducibility when the same 
technique was performed on different days (data 
not shown). In contrast to DCM extraction, 
NaOH/SDS extraction showed itself to be an 
efficient and reproducible technique for the ex- 
traction of proteins from PLG microparticles. 
Moreover, using radiolabelled BSA, it was shown 
that NaOH/SDS extraction resulted in the recov- 
ery of 93 + 2% of BSA entrapped in PLG mi- 
croparticles. 

As expected, AAA, which involved the com- 
plete hydrolysis of proteins and the determina- 
tion of derivatised amino acids by HPLC, ap- 
peared to result in the complete recovery of pro- 
teins from PLG microparticles. However, this 
technique is relatively difficult and expensive to 
perform, and consequently, is only available in a 
relatively small number of specialized laborato- 
ries. Therefore, this technique would be difficult 
to adopt and use as a routine assay method for 
determination of the levels of proteins entrapped 
in PLG microparticles. 

SDS-PAGE followed by SD is a process which 
is relatively difficult and time consuming to per- 
form. Moreover, it is also dependent on the avail- 
ability of a highly specialized piece of equipment, 
a scanning densitometer, to allow quantitative 
determinations to be performed. Furthermore, in 
the current studies, SDS-PAGE followed by SD 
tended to underestimate the total amount of pro- 
tein present in PLG microparticles. 

In conclusion, NaOH/SDS extraction, fol- 
lowed by BCA assay, is an accurate, simple and 
rapid technique for the determination of the lev- 
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els of  p ro t e in s  e n t r a p p e d  in P L G  micropar t ic les .  
In  cont ras t ,  D C M  ext rac t ion  does  not  a p p e a r  to 
recover  all of  the  p ro t e in s  e n t r a p p e d  in mic ropa r -  
ticles. Never the less ,  the  D C M  ext rac t ion  tech-  
n ique  was p e r f o r m e d  di rec t ly  as desc r ibed  in the  
l i t e r a tu re  (Ogawa  et  al., 1988; C o h e n  et  al., 1991; 
E ld r idge  et  al., 1990, 1991), the  add i t i on  of  SDS 
to the  aqueous  phase  would  resul t  in a m o r e  
comple t e  recovery  of  the  p ro t e in  using this 
me thod .  A A A  also al lows an accura te  d e t e r m i n a -  
t ion of  the  levels of  p ro t e ins  e n t r a p p e d  in P L G  
micropar t ic les ,  bu t  it is an expens ive  technique ,  
which is not  read i ly  avai lable  in mos t  l abora to -  
ries. In  the  cu r r en t  s tudies ,  S D S - P A G E  fol lowed 
by SD a p p e a r e d  to resul t  in an u n d e r e s t i m a t i o n  
of  the  to ta l  levels of  p ro t e in  e n t r a p p e d  in P L G  
micropar t ic les .  The re fo r e ,  it is our  conclus ion  
tha t  N a O H / S D S  extract ion,  fo l lowed by an  assay 
for to ta l  p r o t e i n  (e.g., B C A  assay) should  be  
a d o p t e d  as the  s t a n d a r d  t echn ique  for  the  de te r -  
mina t ion  of  the  levels of  p ro t e in s  e n t r a p p e d  in 
P L G  micropar t ic les .  
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