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Summary 

Albumin microspheres containing the antitumor agent, mitomycin C (MMC), were prepared by glutaraldehyde cross-linking and 
heat solidification in order to administer MMC to the tumor site and to maintain prolonged MMC release by a chemoembolization 
technique. Various emulsification conditions were utifized in order to ameliorate the drug release curve, the mean particle s:,ze and the 
yield of albumin microspheres. Drug release experiments revealed that entrapped drugs were released slowly from microspheres 
except for the initial burst effect. The digestion of albumin microspheres, when incubated in the pH 7.4 phosphate buffer containing 
various proteases, was indicated by determination of weight loss and by scanning electron microscopic observation .An in vivo 
biocompatibility test was carried out to assess the irritability of the microspheres prepared by the various methods. Microspheres 
prepared were found to cause acute inflammation, but elicited no severe inflammatory responses. 

httroduction 

Selective drug targeting to specific physiologi- 
cal sites will not only lead to a reduction in 
adverse reactions and toxic side effects, but could 
also increase therapeutic opportunities for use of 
highly toxic substances. For this purpose several 
drug carriers have been used especially in cancer 
chemotherapy; for example, drug-DNA complex 
and liposome. 

Correspondence: Y. Morimoto, Faculty of Pharmaceutical 
Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama 
350-02, Japan. 

Recently, Kato et al. (1980) reported that trans- 
catheter intraarterial injection of ethylcellulose mi- 
crocapsules containing MMC leads to substantial 
reductions in the size of many different primary 
and metastatic carcinomas due to chemoemboliza- 
tion. Recently, the development of improved 
catheters and progress in intraarterial infusion 
techniques enhanced their utility and effective- 
ness. It is considered that drug carriers in the 
chemoembolization therapy play two roles, em- 
bolization of the vessels in the target site and 
control of drug release. Since their functions are 
dependent on the properties of the carriers, the 
choice of them is important. We have ~so re- 
ported clinical appfication of albumin micro- 
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~ e t e ~  ctmtaining MMC for chemoembolization 
(Fujimo~o et al., 1983), but basic evaluation was 
not done_ Although methods for preparing alb~. 
rain m~-ospheres as drug carriers or imaging 
agents in sizes of approx. 1.0 ~m diameter have 
already been established, preparation of them as a 
material for chemoemboi/zation in diameter 
greater than 30 ttm has not been established. 

Therefore, in this paper, we present several new 
preparation methods for chemoembolizafion of 
albumin microspheres and agsess their biode- 
gradability and biocompatibility. 

Materiah and Methods  

Matmals 
Human serum albumin (HSA, fraction V) was 

obtained from Sigma (St. Louis, MO). Mitomycin 
C ( M M C )  ~as suppfied by Kyowa Hakko (Tokyo). 
Colbgenase, papaln, trypsin, and Protease ® were 
obtained from Sigma and n-octane and 25% 
glutaraldehyde were purchased from Wako 

(Osaka). In this experiment 5% glutaraldehyde 
was prepared by diluting 25% g ! u t ~ d e h y d e  with 
distilled water (or buffer). All other reagents used 
were commercial reagent-grade. 

Animals 
Male Wistar rats, wei,ghing 130-150 g, were 

used in biocompatibility testing of albumin micro- 
spheres. 

Preparation of albumin microspheres 
Albumin microspheres as a material for chemo- 

embolization were prepared using the following 
methods as outlined in Fig. 1. Method I was a 
modification of a method described in a previous 
paper (Sugibayashi et al., 1979). In this experi- 
ment, to prepare larger spheres (30-60 /tm) for 
chemoembolization, stirring was performed at 500 
rpm. Method I! was developed by the modified 
method of Longs et al. (1982). HSA (300 mg) was 
dissolved in 2 ml of distilled water and mixed with 
1 ml of MMC aqueous solution (30 mg/1.0  ml). 
Glutaraldehyde (5~$, 0.6 ml) was then added to 
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Fig. l. Several preparation methods of albumin microspheres containing mitomycin C 



the HSA-MMC mixture. This mixture was 
dropped in isooctane:chloroform (2:1, volumet- 
ric ratio, 100 ml total volume) containing 1% 
polysorbate 80 and emulsified with a motor-driven 
glass stirrer at 1200 rpm for 5 rain. This emulsion 
was chemically transformed into a suspension dur- 
ing the stirring. The suspension was heated in an 
oil bath at 80-85°C for 5 rain. After cooling the 
suspension at room temperature, supernatant was 
decanted, n-octane (100 ml) was added to the 
residue, and the new suspension was heated in an 
oil bath at 120°C for 20 min. After decanting 
n-octane, complete removal of residual solvent 
was achieved by washing the albumin micro- 
spheres in diethylether (3 times) followed by pet- 
roleum ether (once). After drying albumin micro- 
spheres under reduced pressure, they were stored 
in a desiccator. Method III was a modification of 
Method II. The identical procedure used in 
Method II was followed, except that after 5~ 
glutaraldehyde was added to a HSA aqueous solu- 
tion containing MMC, it was mixed with 100 ml 
of n-octane containing 1~ surfactant (Span 80 
and Span 20 were mixed volumetrically 7:5)  and 
stirred at 1200 rpm for 3 rain. Subsequently, the 
suspension was heated in an oil bath at 120°C for 
20 min, and washing and drying was performed in 
the same manner as described in Method II. 

Furthermore, to clarify the effect of the HLB 
value of surfactants on the particle size of albumin 
microspheres, albumin microspheres were pre- 
pared using n-octane containing different ratios of 
Span 80 and Span 20 in accordance to Method 
III. HLB values ranged from 1.8 to 8.6. 

Measurement of size distribution of albumin micro- 
spheres 

Albumin microspheres prepared by Methods I 
and III were observed with a scanning electron 
microscope (X-650, Hitachi Seisakusho, Tokyo) 
and the size distribution of albumin microspheres 
in the resulting micrographs was analyzed with 
Mop Video Plan (Kontron Bildanalyse, Munich). 
Moreover, micrographs of several albumin micro- 
spheres prepared by altering surfactant HLB val- 
ues were compared for size distributions. 

In vitro MMC release from albumin microspheres 
Albumin microspheres (10 rag) containing 
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MMC prepared by Methods I, II, and III were put 
into 10 ml of pH 7.4 isotonic phosphate buffer 
containing Protease ~ (10 U/ml )  or phosphate 
buffer alone. Suspensions were stirred with a mag- 
netic stirrer at about 150 rpm and were shaken in 
an incubator at 37°C. At each sampling time, 
these suspensions were separated by centrifuga- 
tion at 3000 rpm for 10 min, 7.0 ml of supernatant 
was removed and replaced with 7.0 ml of pH 7.4 
phosphate buffer to keep the volume constant. 
The drug concentration in the supernatant was 
determined spectrophotometrically at 365 nm 
using a spectrophotometer (model 100-60, Hitachi 
Seisakusho). 

Degradation products of MMC and others did 
not in)erfere the determination of unchanged 
MMC in this wavelength; this was checked by 
HPLC. MMC content was estimated by dissolving 
albumin microspheres prepared in Method I, II 
and III in the Protease ® solution for a week. As 
these microspheres were dissolved within a week, 
the total amount of MMC in solution was defined 
as the drug content. 

Measurement of biodegradability of albumin micro- 
spheres by several proteases 

Albumin microspheres (10 mg) prepared with 
Methods I, II, and III were mixed with 10.0 ml of 
pH 7.4 isotonic phosphate buffer containing 
several proteases (collagenase 10 units/ml, papain 
10 units/ml, Protease ® 10 units/ml, and trypsin 
103 BAEE units/ml). These suspensions were 
stirred with a magnetic stirrer at 150 rpm and 
were shaken in an incubator at 37°C for 96 h. 
Every 24 h ): ~se suspensions were separated by 
centrifugation at 10000 rpm for 15 min, 6.0 ml of 
supernatants were removed, and replaced with 4.0 
ml of pH 7.4 phosphate buffers containing several 
proteases. After 96 h of incubation, these suspen- 
sions were separated by centrifugation at 10000 
rpm and all supernatant was removed. Distilled 
water was added to the residues and stirred very 
well. These suspensions were separated by centri- 
fugation again, and the supernatants were de- 
canted. A washing procedure consisting of a single 
distilled water rinse followed by a methanol rinse 
was performed on the residues. Then the residues 
were sufficiently dried under N2 gas and their 
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w~.~ghts ~ere measured using a chemical balance 
~D/ckinstm et ai.. 1981). 

|n addition, albumin microspheres prepared by 
Metb~d Ill were treated vdth Protea~ ~ in the 
same manner as described above for 2 or 4 days 
and the resulting microsphere morphologies were 
~ , e d  ~ t h  a stereomicroscope (Olympus, 
M ~ e l  SZ-TR, Tokyo). 

In vivo obsen,ation o[ bio~on~atibili O, of albumin 
mwro~l~eres 

l~tonic  NaCI solution (0.9%, 0.25 ml) contain- 
ing 2.5 mg albumin microspheres prepared in di- 
ameters of approx. 42.5 l~m (Methods I! and III) 
and diameters of 1.0/am (Method !) were injected 
into the annulus muscle of sodium pentobarbital 
~50 mg/kgbanesthetized rats. NaC! solution only 
~0.9%) --~-as injected as a control. The muscles were 
rendered at 3-. 7- and 30-day periods, fixed in 10% 
formalin. ~iced on a microtome and stained with 
a hematoxylin-eosin stain for histological evalua- 
tion (Lawravel et al.. 1963. Wilson et at., 1981). 

Results 

Diameter distribution of albumin microspheres 
Fig. 2 shows the size distribution for albumin 

microspheres prepared from Methods I and III. 
The mean diameter of albumin microspheres from 
Method I was 34.5 + 19.3 #m and was broadly 
distributed. Overall yield of albumin microspheres 
within intended diameter range of 30-60 #m was 
approximately 40%. In contrast, mean diameters 
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Fig. 3. Relationship between mean diameter of albumin micro- 
spheres and HLB value of surfactant in the oil phase at 

preparation. 

of albumin microspheres from Method Ill was 
42.4 + 6.93 lxm, demonstrating a narrow distribu- 
tion curve. With Method III, more than 90% of 
the albumin microspheres produced were within 
the designated range. The mean diameter of al- 
bumin microspheres from Method II was ap- 
proximately 46.8 ~m, with a narrow size distribu- 
tion and a yield in the desired size range of about 
70% (data not shown). However, albumin micro- 
spheres prepared with Method II were not per- 
fectly spherical and contained surface irregular- 
ities. 

Regulation of albumin microsphere diameter with 
HLB values 

Albumin microspheres sizing may be altered by 
changing the composition of the microspheres` the 
type and viscosity of continuous phase, stirring 
speed, and concentration of surfactant. Fig. 3 
shows the change in mean diameters of albumin 
microspheres with changes in HLB values of 
surfactant. When the surfactant HLB value was 
1.8, diameters of albumin microspheres were larger 
with a mean diameter of about 80 btm. By con- 
trast, when the HLB value was 8.6, diameters of 
albumin microspheres decreased to a mean diame- 
ter of about 30 /~m. In general, diameters of 
albumin microspheres become smaller with in- 
creasing HLB values of surfactants. 
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Fig. 4. in vitro mitomycin C release from albumin microspheres containing mitomycin C prepared by Methods I. tl and I H  tA) 
Method ! (za. ALl and Method !1 1o. 0); Lx. o .  without protease: A. O. with protease; (B} Method II1: 1o) without pr,~tease; (O) with 

protease. 

I ,  vitro M MC release of albumin microspheres 
MMC release from albumin microspheres pre- 

pared from Methods I and II is shown in Fig. 4A 
and MMC release from Method III is shown in 
Fig. 4B. Release of MMC from microspheres pre- 
pared by all 3 methods was negligible in pH 7.4 
phosphate buffer after the initial burst effect. In 
pH 7.4 phosphate buffer containing Protease ~. 
after the burst effect, MMC was released very 
slowly from albumin microspheres prepared by 
Method I and the release pattern of MMC was 
very similar to the release in phosphate buffer 
only. MMC release in phosphate buffer containing 
Protease * from albumin microspheres prepared 
by Method II showed a 70% burst effect followed 
by a slow, constant release for at least 10 h, 
whereas slow MMC release from the microspheres 
by Method Ill in phosphate buffer containing 
Protease ® was observed up to 5 days following the 
release of 50% of the drug loaded by a burst 
effect. Drug contents in the albumin microspheres 
from Methods I, II and Ill, were determined by 
treatment with Protease ~ (refer to Methods) and 
were 15.6 + 0.5, 28.6 + 0.% 45.6 _+ 1.5 ,~tg/mg mi- 
crospheres, respectively, with highest drug con- 
tents in the albumin microspheres from Method 
III. 

Biodegradabili O' of albumin microsphere.~ 
Dry weights of albumin raicrospheres prepared 

from Methods 1, !I and Iii after treatment with 
several proteases are shown in Table 1. Since all 
microspheres in the control (no enzyme) were not 
recovered, this weight value (8.55 rag) was pos- 
tulated to be 100% recovery, since the loss (1.45 
mg) might be due to that occurring during filtra- 
tion and might be consistent or equal in all weigh- 
ing measurements. Albumin microspheres digested 
with collagenase appeared not to be digested by 
this enzyme. By contrast, treatment with papain 
shows a 5gtg digestion of albumin microspheres 
from Method i, yet albumin microspheres from 
Methods lI and Ill were hardly digested at all. In 
the treatment with trypsin, albumin microspheres 
from Methods I and II were nearly completely 
digested while about 40% albumin microspheres 
from Method Ill were digested, l reatment with 
Protease ~ showed similar results to treatment by 

TABLE l 

Bsodegradabili O" of albumin microspheres 96 tt after treatment 
with several proleoh'tw enzymes 

Data are shown as percentages of remaining weight against 
that of microspheres treated with buffer solution alone. 

'Colin- Papain '" Protease x Trypsin 

genase 

Method ! 75 42 8 13 
Method It 90 76 15 ?! 
Method I | l  96 92 26 60 



Fig. 5. Scanmng electron ~.~crographs of albumin microspheres prepared by Method I, 4 days after treatment with pH 7.4 phosphate 
buffer containing ~s~_ral proteases. (A) Non-treatment, (B) treatment with pH 7.4 phosphate buffer only, (C) treatment with pH 7.4 
phosphate buffer containing collagenase. (D) treatment with pH 7.4 phosphate buffer containing papain, (E) treatment with pH 7.4 

phosphate [3uffer contaimng Protease *. (F) treamlent with pH 7.4 phosphate buffer containing trypsin. Bar = 10/tm. 

tD'psin except that albumin microspheres from 
Method I11 were also nearly completely digested, 

Surface topographical changes in albumin mi- 
crospheres prepared by Method I after treatment 
~ith each enzyme were observed using a scanning 
electron microscope (Fig. 5). Figure 5A shows 
untreated control microspheres, while Fig. 5B 
shows microspheres treated with saline. Both fig- 
ures show no observed morphological changes in 
the shape of the albumin microspheres. Fig. 5C 
shows that microspheres treated with coUagenase 
demonstrate little morphological changes. Figure 
5D however, which shows microspheres treated 
with papain demonstrates that the surface of al- 
bumin microspheres has become irregular and un- 
even despite the fact that these microspheres have 

kept their spherical structure. In contrast, Fig. 5E 
and F which show microspheres treated with Pro- 
tease ® and trypsin, respectively, demonstrate cases 
where albumin microspheres were almost com- 
pletely digested by proteolytic enzymes and failed 
to retain any resemblance of the original albumin 
microspheres. 

Fig. 6 shows stereoscopic photographs of al- 
bumin microspheres prepared from Method III 
taken before treatment and 2 and 4 days after 
treatment with Protease ~. Albumin microspheres 
which were not yet treated maintain a perfectly 
spherical structure (Fig. 6A). In contrast, albumin 
microspheres after 2 days of treatment with Pro- 
tease ~, show rough irregular surfaces advanced by 
proteolytic enzyme digestion (Fig. 6B). After 4 
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Fig. 6. Stereoscopic micrographs of albumin microspheres (Method I!1). (A) Non-treatment, (B) 2 days after treatment with 
Protease ®, (C) 4 days after treatment with Protease ®. Bar = 100/tm. 

days treatment with the enzyme, albumin micro- 
spheres did not maintain a spherical structure and 
were aggregated with each other (Fig. 6C). The 
weight loss showed that the microspheres were 
nearly completely digested by Protease ~ (Table 1). 

Biocompatibility of albumin microspheres 
Fig. 7 shows light micrographs of albumin mi- 

crospheres from Methods I, II and lII taken after 
injection into annulus muscles of rats. Figure 7A 
shows results from control rats where saline was 
injected into the muscle. Here, no inflammation 
was ebserved after 3 days. Figure 7B and C show 
muscle samples 7 days after injection of albumin 
microspheres from Methods I and II. In this case 
a weak inflammation exists around the muscle 
tissue which has been invaded by neutrophils. 
Here a healing process may be observed. Fig. 7D, 
E and F show muscle tissue specimens after 3, 7 
and 30 days, respectively, which have been in- 
jected with albumin microspheres from Method 
III. Three days after injection of albumin micro- 
spheres, a weak, acute inflammation was observed 
around the muscle tissues and many neutrophils 
had migrated around them. After 7 days, the 
inflammation becomes weak and the healing pro- 
cess appears to progress. After 30 days, the heal- 

ing process has progressed further and neutrophils 
are not evidenced in the area. 

Discussion 

Consistent problems encountered in the devel- 
opment of new preparation methods for albumin 
microspheres are (1) sufficient 36elds of micro- 
spheres within a desired particle size for the in- 
tended purpose, (2) drug loading and (3) releasing 
character of the drug from the matrix. These prob- 
lems may be overcome by development of Method 
III which can produce microspheres as materials 
for chemoembolization. Yields of albt,.nin micro- 
spheres, prepared with Method III, were highcr 
than those prepared with Method I. This may be 
due to the ability of Method III to keep emulsifi- 
cation constant since the viscosity of n-octane 
(which was used when the albumin solution was 
emulsified) was lower than that of cottonseed oil 
(0.5 and 70 cP, respectively). Further, diameter 
measurements of albumin microspheres demon- 
strate that the size can be regulated by utilizing 
various surfactants. 

The release of glutaraldehyde from albumin 
microspheres was not observed using the Schiff 
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Fig 7. Micrographs of the muscles after injection of saline or albtm~in microspheres. (A) 7 days after injection of saline, (B) 7 days 
after injection of albumin microspheres (Method i), (C) 7 days after injection of albumin microspheres (Method ]!), (D) 3 days after 
injection of albumin microspheres (Method Illk (E) 7 days after injection of albumin microspl~r=V.s (Method Ill), (F) 30 days after 

injection of albumin microspheres {Method liD. Bar = 100 pm. 

test. The amount of glutaraldehyde consumed for 
cross-linking with albumin microspheres in Meth- 
ods !I and III was not measured but it might be 
small from the result of Burgess" work (Burgess et 
al., 1987). Although no reduction step for remov- 
ing free glutaraldehyde was included in Methods 
11 and Ill, it would be clear that it was not present 
in the albumin microspheres prepared. It is thought 
that sufficient washing of microspheres with the 
solvent is effective for the removal of not only 
n-octa~e but also free glutaraldehyde. 

Drug content in the microspheres, degraded 
with Protease ~ has been increased by adding 
glutaraldehyde as a c~'oss-linking agent. Increased 
drug content might be due to improved drug-ma-  
trix interaction where drug uptake within the 
microsphere network slructure is enhanced by the 
effects of a cross-lirking agent. A .'ffference in the 
drug contents in eJbumin micro~.pheres prepared 
in Methods II and llI  may be due to a difference 
in hydrophobicity of solvents used at the emulsifi- 
cation and solidification step,,, for preparing al- 
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bumin microspheres. Although glutaraldehyde is 
the most efficient cross-linking agent, unfor- 
tunately the mechanism of its interaction with 
protein is quite complex (Sokoloski and Royer, 
1984). Therefore, the structure of reaction prod- 
ucts cannot be imaged. As cross-linking of al- 
bumin and drugs with glutaraldehyde not only 
affects the drug content in the microspheres but 
also drug release from the microspheres, it is well 
worthy to clarify its mechanism. 

MMC release from albumin microspheres by 
Methods I, II and III was barely discernible after 
an initial burst effect. However, MMC in micro- 
spheres by Method III was released gradually over 
5 days when using proteolytic enzymes and the 
magnitude of initial burst effect was suppressed to 
50% and below. These results suggested that al- 
bumin microspheres prepared from Method III 
are better than other preparations in view of yield, 
drug loading and release character. 

In vitro biodegradability of albumin micro- 
spheres by Methods I, II and III was especially 
accelerated by trypsin and Protease ® and was also 
reported by Dickinson et al. (1981) who found 
that albumin microspheres were gradually di- 
gested by the same kind of proteases and mast 
cells in vitro. Althou&h in vivo biodegradability of 
albumin microspheres was not yet examined, it 
was expected that they may have high biodegrada- 
bility and digestibility. Before exposure to en- 
zymes during the degradation process, albumin 
microspheres maintain their spherical structure, 
Upon exposure to enzymatic solutions, the micro- 
spheres digest irregularly to crumbling nonspheri- 
cal structures. 

When albumin microspheres from Methods I, 
II and III were injected into muscle tissues, a 
general weak inflammatory response was im- 
mediately observed in contrast to absence of in- 
flammation observed in the controls (saline only), 
with only little further inflammation elicited there- 
after. The same types of responses from all 3 
microspheres suggest that albumin microspheres 
from the new Methods II and III elicit nearly 
identical physiological response and comparable 
biocompatibility to albumin microspheres from 
Method I which have been clinically applied in 

radiology as scanning agents. In addition, albumin 
microspheres, particularly those prepared by 
Method Ill show sustained release of m ~ e l  drugs 
for extended time. Thus, albumin m:crospheres 
prepared by Method Ill are promising as a 
candidate tool for clinical application as a drug 
carrier. 
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