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Abstract 

Albumin microspheres (MS) in the size range of 7-11 /zm in diameter were prepared using high-speed 
homogenisation and subsequent heat denaturation. The effccts of several proccss variables on the particle size were 
evaluated by both empirical optimisation and factorial design. Using analysis of variance, the pH of the protein 
solution and the stirring rate during heat denaturation were shown to have significant effects on the particle size of 
the resultant MS (p < 0.0l). MS prepared at low pH values and /or  slow stirring rates had larger particle sizes. A 
small amount of butan-l-ol (<  10% v/v) in the oil phase improved the appearance of MS but had no significant 
effect upon size. An inter-relationship was shown to exist between pH, stirring rate and butan-l-ol content 
(p < 0.01). Albumin concentration and phase volume ratio had slight but insignificant effects (p > 0.1) on the 
particle size. 
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1. Introduct ion 

Albumin microspheres  (MS) are biodegradable  
particles that  can be p roduced  in a size range of  
1-200 /xm in diameter ,  being ei ther  physical or  
chemical solidification of  an albumin emulsion in 
an organic phase (Gupta  and Hung,  1989). Since 
they possess many desirable characterist ics such 
as biocompatibil i ty (Ratcliffe et al., 1984), bio- 
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degradabili ty (Lee et al., 1981), ease of  prepara-  
tion on a large scale and ability to entrap a wide 
variety of  drugs (Kramer,  1974), albumin MS have 
become one of  the most extensively investigated 
carriers for targeting drugs to various organs and 
tissues (Davis et al., 1985). The in vivo disposition 
of  albumin MS depends  largely on their particle 
size and route of  administrat ion (Gupta  and 
Hung,  1989). Particles larger than 7 # m ,  when 
given intravenously, can be t rapped in the capri- 
lary bed of  the lungs and based upon this charac- 
teristic, some workers have used albumin MS to 
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target drugs to the lungs (Willmott ct al., 1985: 
Pande et al., 1991; Tripathi and Singh, 1992). 

Different methods havc been reported for the 
preparation of albumin MS (Arshady, 1990). The 
routine synthesis involves emulsification of albu- 
min solution in an oil phase and solidification by 
heat denaturation or chemical cross linking. It 
has been demonstrated that many process vari- 
ables can influence the size of albumin MS. These 
factors include protein concentration, phase vol- 
ume ratio, stirring rate, etc. (Gallo et al., 1984; 
Reddy et al., i990). However, most studies involv- 
ing the preparation of albumin MS have been 
conducted under empirically optimised condi- 
tions (Gupta and Hung, 1989), i.e., investigating 
one variable whilst keeping the other conditions 
constant, Furthermore,  none of the previous stud- 
ies has employed sound statistical design when 
examining the influence of process variables on 
the particle size of albumin MS, Thus, in the 
present work, factorial design has been used to 
investigate the effects of several process variables 
on the particle size and the data compared statis- 
tically using analysis of variance (ANOVA).  

2. Materials and methods 

2. 1. Matedals  

Bovine serum albumin fraction V (96-99% 
albumin) was purchased from Sigma Chemical 
Co. (Poole, U.K.). Butan-l-ol (general grade) and 
oleic acid (specified lab. reagent) were obtained 
from BDH Laboratory Suppliers (Poole, U.K.) 
and Fisons Scientific Equipment  (Loughborough, 
U.K.), respectively. Citric acid, disodium phos- 
phate and all other chemicals were general labo- 
ratory reagents. 

2.2. Preparation o f  albumin solutions 

Albumin was dissolved in 0.1 M citric acid 
buffer solution to obtain the required concentra- 
tion. The solution was adjusted to the desired pH 
with dilute hydrochloric acid and then cen- 
trifuged at 1900 × g for 15 min to remove insolu- 
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Fig. 1. Apparatus employed for lhc heat denaturation ~1 
albumin MS. 

ble material before storing in a refrigerator al 
8°C until required. 

2.3. Preparation o f  albumin MS 

A modified version of the method described by 
Shaft et al. (1990) was adopted. A prescribed 
amount of butan-l-ol was mixed with 50 ml olcic 
acid, contained in a 100 ml round bottom flask. 
Albumin solution (3 ml) was added dropwise and 
emulsified using high-speed homogenisation for 5 
rain. The speed of the homogeniscr (Kika Werk 
Ultra-Terrax) was monitored with a stroboscope 
(Xenon Stroboflash Model 6(I). The w / o  emul- 
sion so prepared was added dropwise at a rate of 
about 40 drops / ra in  into 15(1 ml of preheated 
oleie acid with constant stirring (Fig. 1). The 
mixture was heated at 115 + 2°C tk)r 15 rain, after 
which it was allowed to cool to room tempera-  
ture. 

The suspension was centrifuged at 1900 × g  
for 10 rain, the supernatant was decanted and 
microspheres were resuspended in 50 ml of bu- 
tan-l-ol. After sonication in a bath for 5 rain, the 
suspension was centrifuged under similar condi- 
tions. The microspheres were washed three times 
with butanol as described previously. Finally, they 
were transferred to a petri dish, allowed to dry at 
room temperature  and were then stored as a dry, 
powder in the dark. 
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2.4. Particle size measurement 

Dry microspheres were suspended in liquid 
paraffin and sonicated in a water bath for 5 min 
to aid dispersion. The suspension was mounted 
on a microscope slide and particle size was mea- 
sured using a microscope (Nikon Labophot)  con- 
nected to a video camera and analysed using 
image analysis software. 300 particles were mea- 
sured for each batch and mean weight diameters 
were recorded. 

2.5. Investigation of the single effect of each vari- 
able by empirical optimisation 

Parameters examined in this study include al- 
bumin concentration, phase volume ratio, ho- 
mogenisation speed, stirring rate, butan-l-ol con- 
tent in the oil phase and pH of the albumin 
solution. One factor was changed while the other 
five factors were kept constant (Table 3). The 
constant level of  each factor was: albumin con- 
centration, 30 ( /mg /ml ;  phase volume ratio, 1.5:30 
(aqueous phase to oil phase); homogenisat ion 
speed, 6000 rpm; butan-l-ol content,  1(1% (v/v);  
pH of  albumin solution, 6; and stirring rate, 1000 
rpm. 

Table 1 
Five factors at two levels and three constant parameters used 
to prepare albumin MS 

Factors Values Abbreviation 

Variables 
(1) Butan-l-ol concentration 

( m l / 1 0 0  ml) 
(2) p i t  of albumin solution 

(3) Stirring rate (rpm) 

(4) Phase volume ratio 

(5) Albumin concentration 
( m g / m l )  

Constant 
(1) Homogenisation 
(2) Heating process 
(3) Centrifugation 

10 A • 
0 A 
6 B, 

3 Bt 

1000 ("~ 

500 C I 
3 : 3[) l )  2 

1.5 : 30 D i 
300 E 2 
101) E I 

6000 rpm for 10 min 
115 + 2°C for 30 min 
1900× g for 10 rain 

(half replicate) were investigated according to the 
protocol listed in Table 2 (Hinchen, 1969). 

3. Results and discussion 

Table 3 lists the single effects of  each variable 
on the particle size. It is apparent that all six of  

2.6. Preparation of albumin MS according to facto- 
rial design 

Empirical optimisation is acceptable only when 
the factors are independent of  one another, but 
factorial design can reveal not only the single 
effect of  each variable but also the interactions 
between them. Thus, the design enables the in- 
vestigators to move beyond a single-dimensional 
view of behaviour to a richer and more revealing 
multidimensional view. The most commonly  used 
factorial design involves the use of  two levels of  
each variable. The variables investigated in this 
study were: butan-l-ol concentration; pH of  albu- 
min solution; stirring rate during the heat denatu- 
ration; phase volume ratio and albumin concen- 
tration. Each factor has a low and a high level 
(see Table 1). Thus, 32 combinations (25) should 
be run, but in this study only 16 combinations 

Table 2 

Combinations of variables of 25 /2  factorial design 

Expt [Butan-l-ol] pH Stirring Phase [Albumin] 
no. (ml /100  ml) B rate volume ( m g / m l )  

A (rpm) ratio E 

C D 

1 0 3 500 1.5:30 100 

2 0 3 500 3 : 30 300 
3 0 3 1000 1.5:30 300 

4 0 3 1000 3 : 30 1 O0 
5 0 6 501) 1.5 : 30 300 

6 0 6 500 3 : 30 100 
7 0 6 1000 1.5:30 100 
8 0 6 1000 3 : 30 300 

9 10 3 500 1.5 : 30 300 

10 10 3 500 3 : 3 0  100 
l 1 10 3 1000 1.5 : 30 ll)0 
12 10 3 1000 3 : 3 0  300 
13 10 6 500 1.5:30 100 

14 10 6 500 3 : 30 300 
15 10 6 1000 1.5 : 30 300 
16 10 6 1000 3 : 30 l O0 
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the examined factors had ari influence upon the 
resultant particle size to a greater a lesser extent. 
Increase in the homogenisat ion speed from 4000 
to 8(100 rpm resulted in a general decrease in the 
particle size, whereas increasing the homogenisa-  
tion speed up to 100(10 rpm increased the mean 
diamcter. Increasing the butan-l-o[ concentration 
caused an initial decrease in particle sizc, how- 
ever at high concentrations of butan-l-ol (13(:~ 
v,/v) the particle size was found to increasc. At 
low concentrations, butan-l-ol is likely to reducc 
the intcrfaeial tension between the aqueous and 
oil phases, thereby decreasing the particle size. 
At high concentrations,  butan-[-ol may decreasc 
the viscosity of  the oil phasc and the latter has 
been reported to bc inversely proportional to 
particle size (Arshady, 1990). The pH of the 
albumin solution was found to have a marked 
effect on particle sizc. The particles were ob- 
served to be largest at the extremes of the pH 
range cmployed (Table 3) while lower pH exerted 
greater influcnee. At pH about 5 the lowest parli- 

T:tblc 4 

Particle size of  albumin microsphercs  Ior each combina t ion  

Expt Preparation Mean d i a m e t e r  ( p m ) 
no. condi t ions  " 

(1) 41 B~ ( ' i  l ) l  l:'1 S.3S S.¢~2 
S.75 S13 

A i 1{1 ( ' /  1)2 1;'1 )' )' 
,41 Hi ('2 l ) t  /:', 11.21 11.32 
A, B 1 ('2 l)e I:'1 11.51 II.S6 
AI Be ( ' l  DI 1:, S.(14 7.2S 

.-t t h) 2 ( ' ,  1) c l! I S.3l ,";.('~4 

.'1, B 2 ( '? l i t  1:1 6.5b* 6.74 
5.89 (~.4S 

.4,  B, ( ,  I ) ,  I : ,  t, ) 

,'le BI ( l  l)l 1:~ 11.32 11.77 

.4,, B I ('l 1)2 Et 11.2N III.SN 
4?  f'/t ('e D t I','~ 7.S2 S.05 
"t. B l ( ' ,  I ) ,  l ; ,  I, t, 

-42 He ('1 l) ,  E, S.78 7.93 
, t2 B2 ('t l ) ,  1:', t, !, 

,4, B 2 ('2 1>, I: ,  7.2S 7.43 

4 :  F; e ('2 1): £', 7.3(~ <54  

(2) 

(3) 

(4 )  

(5) 

(6) 

(7) 

(S) 

" Sce "Fablc 1. 
)' No MS formed.  

Table 3 
[~]ffccls of various factors on the 
microsphcres  

mean  diameter  of a lbumin 

Entry Variables  Values  Mean d iameter  + 1SD 

( I ) Homogen i s a t i on  4001) 8.5S + 1.5tJ 
speed (rpm) (~001) 7 .84+ 1.32 

80110 7.65 + 1.04 

I0000 8 .34+  1.21 
(2) Butan-l-ol  I 7.85 ± 1.(12 

concentrat ion 5 7 .83+ 1.13 
( m l / 1 0 0  nal) 9 7.21 + 1.23 

13 N.B5+ 1.12 

(3) pf t  o l  a lbumin  3 11.59+ 2.35 

solution 5 7.45 + 1.25 
7 7.N7+ 1.15 
t~ 8.39 + 1 .̀ 9¢~ 

(4) A lbumin  150 7 .56+ 1.57 

concentrat ion  250 7 .48+ 1.14 
( m g / m l )  350 8.15 + 1.08 

450 8.63 + 1.33 
(5) Phase w) lume 1.5 : 30 7.01 + 1.05 

ral io  2.0:3(} 7 .33+ 1.13 
2.5 : 30 7.'95 + 1.26 
3 .0 :30  8.1)8+ 1.19 

(6) Stirring rate 4(}0 11.34 + 2.57 
( rpm) 600 10.56 + 1.78 

SO0 ~ .44+  1.24 
IO00 7 .45+ 1.12 

clc size was obtained. This phenomenon might be 
attributed to the overall change of electric chargc 
of albumin molecules at pH values above or be- 
low the isoelectrie point. Decreasing albumin 
concentration a n d / o r  the phase volume ratio 
tended to decrease the particle size, but the influ- 
ence of these factors was minor compared with 
that of pH. Stirring rate also produced largc 
differcnces in particlc size, thc slower thc stirring 
rate, the larger the particle size (Table 3). Thesc 
results arc in agreement with those rcported prc- 
viously (Gallo ct al., 1984, Reddy et al., 1990). 

Table 4 summarises the observed values of  the 
mean diameter measured according to factorial 
design. The resultant particle size wined between 
7 and - I 1  /xm. The combinations containing 
both the high level of phase w~lume ratio ( l )~)  
and albumin concentration (E~) did not produce 
any microspheres as the excess albumin in the oil 
phase aggregated into a large non-dispcrsiblc 
mass. Thcrefore, these combinations were not 
considered in the A N O V A  model. Any two meth- 
ods of preparation, having thc same A, B and (' 
levels, produced particles which were not signifi- 
cantly different in size (p  > 0.1). This indicates 
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Table 5 
Summary of the analysis of variance based on the particle sizes observed 

2{/9 

Source Basic ratio Sum of the df MS F 
squares 

Butanol [A] = 2367.6 [A] - IT] = 0 1 0 0 
concentration [A] 
pH [B] [B] = 2407.4 [B] - [T] = 39.8 1 39.8 258 ~' 
Stirring [C] = 2373.6 [C] - [T] = 6 1 6 39 :' 
rate [C] 
A × B [AB] = 2409.3 lAB] - [A] - [B] 1 1.9 12 " 

+ [T] ~ 1.9 
A x C [AC] = 2392.6 lAG] - [A] - [C] 1 19 123 ' 

+ [ d  = 19 
B x C [BC] = 2415.6 [BC] - [B] - [C] 1 2.2 14 " 

+ [T] = 2.2 
A x B × C [ABC] = 2462.1 [ABC] - [ A B ] -  [AC] 1 25.6 166 ~' 

- [BC] + [A] + [B] 

+ [C] - [T] = 25.6 
S / A B C  [ABCs] = 2466 [AI3Cs] - [ABC] 24 0.154 

=3.7 

~ p <0.01. 
From the data above, it can be seen that butan-l-ol had no significant effect on the particle size. However, microspheres prepared 
in the presence of butan-l-ol exhibited a more regular shape than those prepared in its absence, as shown in Fig. 2. 

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

r a t i o  c o m b i n e d  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  p a r t i -  

c l e  s i ze  o v e r  t h e  i n v e s t i g a t e d  r a n g e .  C o n s e -  

q u e n t l y ,  a n y  t w o  c o m b i n a t i o n s  h a v i n g  t h e  s a m e  

A ,  B a n d  C l eve l  w e r e  t r e a t e d  a s  o n e  c o m b i n a -  

t i o n ,  w i t h  f o u r  s a m p l e s  in e a c h  g r o u p  ( T a b l e  4). 

A s  f o u r  c o m b i n a t i o n s  w e r e  d e l e t e d ,  b a t c h e s  o f  

t h e i r  c o r r e s p o n d e n t  c o m b i n a t i o n s  w e r e  p r e p a r e d  

a n d  a n a l y s e d  in d u p l i c a t e  s o  t h a t  e v e r y  g r o u p  

c o n t a i n e d  f o u r  s a m p l e s .  A s  a r e s u l t ,  t h e  f i v e - f a c -  

t o r  d e s i g n  c o u l d  b e  s i m p l i f i e d  to  a t h r e e - f a c t o r  

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

( K e e p e l ,  1982)  l i s t e d  in T a b l e  5. 

T h e  p H  o f  a l b u m i n  s o l u t i o n s  e x e r t e d  a s i gn i f i -  

c a n t  e f f e c t  o n  p a r t i c l e  s i ze  ( p  < 0 . 0 1 ) ,  l o w e r  p H  

v a l u e s  t e n d i n g  to  i n d u c e  t h e  f o r m a t i o n  o f  l a r g e r  

Fig. 2. Scanning electron micrographs of albumin MS: (A) without butan-l-ol; (B) with 9% (v/v)  butan-l-ol. 



2 I() X. M, Zeng et aL / lmernatiomd .hmrnal q[ Pharmaceutics 107 (1994) 205 - 210 

microsphcres.  As the pH of the a lbumin  solut ions 
may play an impor tan t  role in drug en t r apmen t ,  
especially for lipophilic acidic and basic drugs, 
this factor should be carefully control led dur ing 
the prepara t ion  of d rug-en t rapped  microspheres.  
Stirring rate also exhibited statistically significant 
effects on particle size ( p  < 0.01), a higher stir- 
ring rate producing  smaller  particles. "Fable 5 also 
shows that there is evident  i n t e rdependence  ( p < 
0.01) among the three factors. Empirically opti- 
mised design cannot  reveal the rcal effects of 
these factors. Hence,  it can be demons t ra t ed  that 
statistical techniques  of the type described should 
bc employed when opt imising process variables. 

In conclusion,  this study demons t ra tes  the use 

of factorial design in the analysis of the effects of 
several process variables on the particle size of 
a lbumin  MS. All of the investigated variables can 
inf luence the particle size, but only pH of albu- 
min solution and stirring rate dur ing  heat  dena tu-  
rat ion exhibited statistically significant effects. 
Higher  stirring rate and neutra l  pH value have 
separate  or joint  effects in reducing the particle 
size. In order  to prepare  a lbumin  MS with an 
appropr ia te  particle size these two factors should 
be carefully investigated and control led.  Butan-I-  
ol in the oil phase exhibits the ability to improve 

the appearance  of a lbumin  MS, causing the pro- 
duct ion of regularly shaped particles, but  it had 
no significant effect upon particle size. Over the 
investigated range the amoun t  of a lbumin  is 
shown to have no significant effect upon  particle 
size, however, excess a lbumin  should be avoided 
as it tends  to aggregate,  prevent ing  the format ion 
of MS. The a lbumin  MS prepared  in the study 
have mean  d iameters  from 7 to 1 1 Ixm, indicat ing 
they may be of an appropr ia te  size to be used as 
carriers for target ing to the lung after paren te ra l  

adminis t ra t ion.  
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