
In summary, all the results indicate that the optimal effect of  as- 
paraginase is obtained when the enzyme is injected intramuscularly in 
immobilized form in small doses. 

REFERENCES 

(1) H. F. Oettgen, L. J. Old, E. A. Bow,  H. A. Campbell, F. S. Philips, 
B. D. Clarkson, L. Tallal, R. D. Leeper, M. K. Schwartz, and J. H. Kim, 
Cancer Res., 27,2619 (1967). 

(2) T. Ohnuma, J. F. Holland, A. Freeman, and L. F. Sinks, ibid., 30, 
2297 (1970). 

(3) I. J. Ertel, M. E. Nesbit, D. Hammond, J. Weiner, and H. Sather, 
ibid., 39,3893 (1979). 

(4) V. Riley, D. H. Spackman, and M. A. Fitzmaurice, in “La L- 
Asparaginase,” M. W i n ,  Ed., Colloques Intemationaux C.N.RS., Paris, 
1971, p. 139. 

(5) D. Killander et al., Cancer, 37,220 (1976). 
(6) S. J. Updike, R. T. Wakamiya, and E. N. Lightfoot, Jr., Science, 

(7) 6. Updike, C. Prieve, and J. Magnuson, Birth Defects. Orig. Artic. 

(8) J. E. Benbough, C. N. Wiblin, T. N. A. Rafter, and J. Lee, Eio- 

(9) T. M. S. Chang, Nature (London), 229,117 (1971). 
(10) E. D. Neerunjun and G. Gregoriadis, Biochem. Soc. Trans., 4,133 

193,681 (1976). 

Ser., 9,77 (1973). 

chem. Pharmacol., 28,833 (1979). 

(1976). 

(11) K. F. O’Driscoll, R. A. Korus, T. Ohnuma, and I. M. Walczack, 

(12) P. Edman and I. Sjoholm, ibid., 211,663 (1979). 
(13) P. Edman and I. Sjoholm, J Pharm. Sci., 70,684 (1981). 
(14) P. Edman, B. Ekman, and I. Sjoholm, ibid., 69,838 (1980). 
(15) T. 0. Yellin and J. C. Wriston, Jr., Biochemistry, 5 ,  1605 

(16) D. A. Cooney, R. L. Capizzi, and R. E. Handschumacher, Cancer 

(17) V. Riley, D. Spackman, M. A. Fitzmaurice, J. Roberts, J. S. 

(18) I. Sjoholm and P. Edman, J.  Pharmacol. Exp. Ther., 211,656 

(19) P. Edman and I. Sjoholm, J.  Pharm. Sci., 71.576 (1982). 
(20) P. Edman, I. Sjbholm, and U. Brunk, J. Pharm. Sci., 72,658 

J.  Pharmacol Exp. Ther., 195,382 (1975). 

(1966). 

Res., 30,929 (1970). 

Holcenberg, and W. C. Dolowy, ibid., 34,429 (1974). 

(1979). 

(1982). 

ACKNOWLEDGMENTS 

The Swedish Board for Technical Development (project no 78-3614) 
and the I. F. Foundation for Pharmaceutical Research have financially 
supported the work. 

The authors thank Miss Siv Larsson and Mrs. Linnka Wallsten for 
technical assistance, Professor G. Klein, Department of Tumor Biology, 
Karolinska Institutet, Stockholm for placing the tumor cells a t  our dis- 
posal and Bayer (Sverige) AB, for the L-asparaginase. 

Acrylic Microspheres In Viuo VII: Morphological 
Studies on Mice and Cultured Macrophages 

PETER EDMAN*, INGVAR SJOHOLM*”, and ULF BRUNK 
Received October 13,1981, from the Departments of Pharmaceutical Biochemistry and Pathology, University of Uppsala, S-751 23 Uppsala, 
Sweden. 
of Pharmacy, S-75125 Uppsala, Sweden. 

Accepted for publication June 7.1982. * Present address: Department of Drugs, National Board of Health and Welfare, Division 

Abstract Intravenously injected microparticles of polyacrylamide were 
cleared from the circulatory system in mice predominantly in liver, spleen, 
and bone marrow in mice by macrophages belonging to the reticulo- 
endothelial system. In these cells, particles were found in dilated secon- 
dary lysosomes. The lysosomotropic character of the particles was further 
demonstrated using cultured peritoneal mouse macrophages. Histological 
changes of the liver, spleen, and bone marrow detectable by light and 
electron microscopy could only be seen after administration of massive 
doses of microparticles corresponding to 160 mgkg body weight. In such 
cases, a medium-coarse vacuolization of liver parenchymal cells could 
be seen 1-2 days after particle administration. After 3-5 days, degener- 
ation and necrotic cellular alteration occurred in the liver, spleen, and 
bone marrow. One week after particle administration, regeneration 
started under formation of granulomas which replaced the necrotic areas. 
The tissues later became normalized (after 2-3 weeks), but small gran- 
ulomas remained for several weeks. The damage was parallelled by 
changes in the liver and spleen weights. Electron microscopy of the liver 
revealed that the initiated vacuolization of the parenchymal cells was due 
to mitochondrial swelling with rupture of the mitochondria1 cristae. 

Keyphrases 0 Acrylic microspheres-in uiuo, morphological studies 
on mice and cultured macrophages, polyacrylamide, liver, spleen, marrow 

Macrophages, cultured-acrylic microspheres, in uiuo, morphological 
studies on mice, polyacrylamide, liver, spleen, marrow 0 Polyacrylam- 
ide-acrylic microspheres, in uiuo, morphological studies on mice and 
cultured macrophages, liver, spleen, marrow 

Microparticles of highly cross-linked polyacrylamide, 
or derivatives, have recently been introduced as a slowly 
degradable carrier system for immobilized enzymes in uiuo 
(1). Such particles have a pronounced porous structure 

allowing substrates to freely penetrate the particles and 
interact with the immobilized enzymes. They are small 
enough (mean diameter 0.1-0.4 pm) to be injected intra- 
venously without causing respiratory complications. After 
intravenous or intraperitoneal injection, the microparticles 
are taken up by cells of the reticuloendothelial system, 
essentially in the liver and spleen, where they are probably 
localized in the lysosomal vacuome, although no direct 
evidence has yet been presented. Microparticles with im- 
mobilized L-asparaginase have been used to depress the 
level of circulating L-asparagine with resulting growth 
inhibition of the ascites tumor 6C3HED in mice (2). In 
addition, particles containing dextranase have successfully 
been used to treat an artificial storage disease in mice, 
which is produced by polyacryldextran (3). 

In all studies performed to date, no signs of acute tox- 
icity have been detected. Thus, the growth rate and sur- 
vival time have been unaffected, and no tissue incompat- 
ibility has been noticed, besides the normal encapsulation 
of implants or intramuscularly injected microparticles. 
Very large doses of microparticles (100-200 mg/kg of body 
weight), however, have produced a transient hepato- 
splenomegaly in mice, lasting 4-8 weeks, resulting from the 
localization of the spheres in the liver and spleen. The 
purpose of the present work was to study microscopically 
the possible morphological alterations of several organs 
following the administration of such provocative doses of 
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Figure 2-Body weight of mice given 4 mg of polyacrylamide particles 
(a) or physiological saline (0) intravenously. Each point represents 
mean *SD from five animals. 

Preparation and Administration of Microparticles-Micropart- 
icles5 of polyacrylamide (TC = 8-2516 or polyacryldextran (DTC = 11- 
1-75)6 were prepared according to a reported method (4,5). Acrylamide 
or acryldextran and NP-methylenebisacrylamide were dissolved in 
sodium phosphate buffer, pH 7.4. Oxygen was eliminated from this so- 
lution with nitrogen gas. The toluenechloroform mixture (4 + l) con- 
taining a detergent’ was treated in the same manner. After addition of 
the catalyst, ammonium peroxydisulfate (dissolved in water), the mixture 
was homogenized to produce a water-in-oil emulsion. The polymerization 
of the emulsion was initiated by adding N,N,N,N‘-tetramethylethy- 
lenediamine. 

The suspension was stirred for 20 min and the phases were separated 
by centrifugation. The microparticles located at the bottom of the water 
phase were washed a t  least five times, and after the last washing the 
particles were suspended in physiological saline. 

When microparticles with immobilized ferritin or immobilized catalase 
were prepared, fenitin (52 mg) or catalase (20 mg) was dissolved in 2.5 

- ml of the acrylic monomer solution. After polymerization, the particles 
were washed as described above. 

The microparticles were resuspended carefully in physiological saline 
prior to administration. The size of the particles was measured from 
photographs taken by scanning electron microscopy, which was done as 
described earlier (4). With the method used, 92.6% of the polyacrylamide 
particles (TC = 8-25) had a diameter of 0.1-0.4 pm, 2.2% were <0.1 pm, 
and 5.2% had a diameter of 0.4-0.5 pm. The polyacryldextran particles 
(DTC = 11-1-75) had essentially a diameter of 0.2-1.2 pm; 72.8% of the 
particles had a diameter within this range, and 8.9% were <0.2prn and 
5.8% were >2.1 pm. 

fa) 
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1 2 3 4  8 
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1 1 I I I 1 
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Figure 1-(a) Weight of the liver after injection of 4 mg of polyacryl- 
amide microparticles io (a) or physiological saline (0) in mice. Each 
point shows the mean fSD from the five animals. (b) Weight of the 
spleen after injection of 4 mg of polyacrylamide microparticles iv (a) 
or physiological saline (0) in mice. Each point represents mean ASD 
from five animals. 

microparticles to mice. Concomitantly, the lysosomotropic 
character of the particles has been established using cul- 
tured mouse peritoneal macrophages. 

EXPERIMENTAL 

Chemicals-Acrylamidel, N,”-methylenebisacrylamidel, cationized 
ferritin2, N,N,N’,N’-tetramethylethylenediamine2, and dextran3 were 
of analytical grade. Acrylic acid-glycidyl estee and catalase4 (E.C. 
1.11.1.6) were used without further purification. 

Eastman Kodak Co. 
*Sigma Chemical Co. 

Dextran T40 (mol.wt. 40.000), Pharmacia Fine Chemicals, Uppsala, 

4 Fluka AG. 
Sweden. 

T 

I 

US. Patent 4,061,466. 
6 The nomenclature is explained in Refs. 4 and 5. 

Pluronics F-68, Trehac AB Stockholm. Sweden. 
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Figure 3-(a) Liver 1 day after injection o f 4  mg iv of polyacrylamide 
microparticles. Vacuolized liver parenchymal cells in the periphery of  
forming necrotic zones are shown by arrow (186X). (b) Liver showing 
large necrotic areas 3 days after intravenous injection of polyacrylamide 
microparticles (I86X). (c) Liver showing heavy infiltration of inflam- 
matory cells with abscess formation 8 days after intravenous injection 
of polyacrylamide microparticles (186X). (d) Liver showing small 
granulomas (arrow) 16 days after intravenous injection of polyacryl- 
amide microparticle (186X). (e) Liver 8 weeks after intravenous injec- 
tion of physiological saline (186X). 

(el 

Male mices weighing 20-25 g were used throughout. Microparticles 
of polyacrylamide or polyacryldextran were suspended in physiological 
saline (0.1 or 0.2 ml) and injected intravenously. The doses corresponded 
to 1-4 mg of lyophilized microparticles. 

Preparation of Tissue Samples for Light and Transmission 
Electron Microscopy-At various time intervals (1-56 days) after ex- 
posure to the microparticles, five animals from each group were sacrificed 
by cervical dislocation, and the liver, spleen, heart, lungs, kidneys, brain, 
and bone marrow from the spine were collected. At each time interval, 
three mice from an untreated group were sacrificed and their organs used 8 NMRI-mice. Anticimex, Stockholm, Sweden. 
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( C )  (d) 
Figure 4-(a) Spleen 3 days after intravenous injection of polyacrylamide microparticles. The architecture is much altered, with no demarcation 
between the red and white pulp and heavy infiltration of inflammatory cells. Small abscesses are shown by arrow (186X). (b) Spleen with forming 
granulomas (arrow) 8 days after intravenous injection of polyacrylamide microparticles (186X) .  (c) Spleen 21 days after intravenous injection 
o/polyacr.ylamide microparticles; reconstitution of red and white pulps but remaininggranulomas (186X) .  (d) Spleen 8 weeks after intravenous 
injection of physiological saline (186X). 

as the control group. The liver, spleen, heart, lungs, brain, and kidneys 
were weighed, and thin (2 mm) tissue specimens were cut from the organs 
immediately, and immersed in chilled 5% formaldehyde in 0.15 M 
phosphate buffer, pH 7.2. The specimens were subsequently embedded 
in paraffin, cut at 2-3 pm, stained with hematoxylin and eosin, and 
studied under the light microscope. 

For transmission electron microscopy, small samples (<1 mm thick) 
were removed from the liver immediately after the animals were sacri- 
ficed. The specimens were immersed in ice-cold 2% glutaraldehyde in 0.1 
M sodium cacodylate buffer with 0.1 M sucrose (pH 7.2; total osmotic 
pressure 510 mOsm, effective osmotic pressure 300 m0sm) (6,7). After 
glutaraldehyde fixation for 24 hr, the specimens were rinsed in 0.15 M 
sodium cacodylate buffer, pH 7.2, and cut into small pieces which were 
postfixed in 1% OsOr in 0.15 M sodium cacodylate buffer for 90 min a t  
room temperature. The specimens were dehydrated in an ethanol series, 
stained en masse with 2% uranyl acetate in 50% ethanol for 12 hr, and 
embedded in expoxyg. Thin sections were cut with diamond knives, 
stained with lead (B), and examined at  60 kV with an electron micro- 
scopelo. 

Transmission Electron Microscopy of Negatively Stained Mi- 
cropart ic legA suspension of ferritin-labeled microparticles was placed 

Epon 812. 
' 0  JEOL 100-C microscope. 

as a tiny drop on formvar coated 300-mesh copper electron microscopy 
grids and most of the fluid was immediately removed with a piece of filter 
paper. A drop of a 0.2% water solution of uranyl acetate was applied for 
30 sec and removed with filter paper. After drying, the grids were ex- 
amined at  80 kV with the electron microscopelo, using a 50-pm objective 
aperture. 

Cultures of Mice Peritoneal Macrophages-Mouse macrophages 
were collected by washing the unstimulated peritoneum of adult male 
animalsa with 3 ml of warm (37') phosphate-buffered saline. The cells 
were further suspended in 10 ml of cold (0') phosphate buffer and mildly 
spun down at  18OXg for 10 min. The pellet was resuspended in F-10 
medium (9) with 20% newborn calf serum and 15 mM N-2-hydroxy- 
ethylpiperazine-N-2-ethanesulfonic acid buffer, supplemented with 10 
pg/ml of streptomycin and 100 U/ml of penicillin. The cells were seeded 
into 50-mm plastic petri dishes a t  5 X 105 cells/dish and cultured at 37' 
in 5% carbon dioxide in air a t  85% humidity. The dishes were carefully 
rinsed with new, complete medium 24 hr after the initial seeding, to 
eliminate red blood cells, lymphocytes, and macrophages that had not 
attached to the solid support. During the ensuing cultivation period the 
medium was changed every 48 hr. 

Cultures were exposed to 0.1 mg/ml of microspheres containing ferritin 
as a marker 24 hr after seeding (immediately after being rinsed). The cells 
were exposed to these particles for 48 and 72 hr and then fixed in 2% 
glutaraldehyde in 0.1 M sodium cacodylate buffer with 0.1 M sucrose (pH 
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Figure &Liver parenchymal cells 2 &ys after injection of 4 mg iu polyacrylamide microparticles containing catalase. Several swollen mitochondria 
(M) with ruptured cristae can be seen. 

7.2, total osmotic pressure 510 m0sm. effective osmotic pressure 300 
mOsm (6,7) for 60 min at  O", rapidly rinsed in 0.15 M sodium cacodylate 
buffer and postfiied in 1% OsOd in 0.15 M sodium cacodylate buffer for 
90 min at room temperature. The cells were then dehydrated in situ in 
an ethanol series, counter-stained en w s e  for 12 hr in 2% uranyl acetate 
in 50% ethanol, and embedded in small capsules in epoxy as described 
earlier (10). Untreated control cells were harvested at the same time in- 
tervals. Thin sections were cut with diamond knives, stained with lead 
citrate (a), and examined a t  60 kV with the electron microscopelo. 

RESULTS 

Gross Distribution of Microparticles After Intravenous Injec- 
tion-It was shown in an earlier study (11) that the distribution of large 
doses of microparticles to the reticuloendothelial system in mice after 
intravenous injections results in a transient hepatosplenomegaly. To 
correlate the megaly with the microscopic findings, the weight changes 
were studied in some detail. 

Figures la  and l b  show the variations in weight of the liver and the 
spleen, respectively, with time after 4-mg iv injections of microparticles. 
The liver weight reached its maximum after 5-8 days and was essentially 
normalized after 4-8 weeks. The effects of the microparticles on the 
growth of the spleen were relatively greater than on the liver (Fig. lb). 
One week after the injection, the weight was -220% of that of the controls. 
The megaly was successively retracted, but the organ weight was not 
normalized within the 8-week study period. In the earlier work (10 ,  the 
weight of the spleen was normalized after 16-24 weeks. With smaller 
doses of polyacrylamide (1 mg) or of polyacryldextran (2 mg) enlargement 
of the liver and spleen was not as great. This weight increase was strictly 
dose dependent. 

The variation in body weight after intravenous injection of 4-mg 
polyacrylamide microparticles is shown in Fig. 2. As is apparent from the 
figure, there were no significant differences between the control and test 
groups. Although the overall weight of the test group was lower at  the time 
of injection, the increase in weight with time was the same. Consequently, 
the administration of large doses of microparticles to the mice did not 
affect growth. 

Light Microscopy of Mouse TissueFollowing the administration 
of 1 mg of particles, no changes were detected by light microscopy in any 
of the studied organs. No demonstrable changes were noted in the brain, 
heart, kidneys, or the lungs, while the liver, spleen, and the bone marrow 
showed pronounced alterations after injection of 4 mg of particles. 

As early as 1 day after particle administration, the parenchymal cells 
of the liver showed a medium coarse vacuolization, which had a patchy 
distribution (Fig. 3a). After a few more days, necrotic areas of various sizes 
had developed corresponding to the areas of initial vacuolization, as well 
as unicellular necrosis (Fig. 3b). There was a diffuse, sparse infiltration 
of inflammatory cells (Figs. 3c and d). Later, regeneration started with 
mitotic activity within the parenchymal liver cell population. After 7-10 
days, granulomas composed of macrophages, epithelioid cells, lympho- 
cytes, and polymorphonuclear cells formed and replaced the necrotic cells 
and areas (Fig. 3d). These granulomas remained for several weeks. The 
number of Kupffer cells was found to have increased a t  later time inter- 
vals. The normal ultrastructural appearance of the liver 8 weeks after 
intravenous injection of physiological saline is shown in (Fig. 3e). 

In the bone marrow there was an early (after 1 day) and massive in- 
filtration of mature, irregularly distributed polymorphonuclear cells and 
macrophages with the formation of granulomas. After 7-10 days, the bone 
marrow had regained an apparently normal appearance. 

The spleen showed early and pronounced changes. After 1-3 days, the 
limits between the white and the red pulps were blurred, the sinusoids 
were dilated and lined with prominent endothelial cells, and the number 
of megakaryocytes was increased (Fig. 4a). Later (4-10 days) there was 
a heavy infiltration of various inflammatory cells under formation of small 
abscesses and granulomas (Fig. 4b). The tissue became normalized later, 
but small granulomas, composed of histiocytes, remained for many weeks 
(Fig. 4c). The normal appearance of the spleen is shown in (Fig. 4d). 

Transmission Electron Microscopy of Liver Tissue-The vacuoles 
of the liver cells, which were so strikingly observed 1 or 2 days after the 
administration of large amounts of particles, were found to be due to 
mitochondria1 swelling with rupture of the mitochondrial cristae (Fig. 
5). There was no obvious alteration of the lysosomal vacuome of the pa- 
renchymal cells. The Kupffer cells showed many dilated lysosomes filled 
with an amorphous material. 
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Figure 6-Kupffer cell 2 months after injection of4 mg iv polyacrylamide microparticles loaded with catalase. Note large vacuoles (L, secondary 
lysosomes) filled with an amorphous material. 

At later time intervals, the tissue degeneration prevented detailed 
studies on cellular alterations until the acute inflammatory response had 
declined. In the specimens studied -2 months after the administration 
of the catalase-loaded particles, these lysosomes were still frequently 
observed (Fig. 6). It was, however, not possible to discern individual 
particles either in liver parenchymal or in Kupffer cells. Obviously, the 
particles have an electron density about equal to that of the embedding 
resin and do not bind osmium, uranyl, or lead. 

Transmission Electron Microscopy of Negatively Stained Mi- 
croparticles-Transmission electron microscopy of the ferritin-loaded 
microparticles indirectly confiimed (12) that the polyacrylamide particles 
were spherical and had a diameter between 0.1 and 0.4 pm. Ferritin gave 
the particles a dotted appearance. 

Transmission Electron Microscopy of Cultured Macro- 
phages-Macrophages exposed to 0.1 mg of microparticles with ferritin 
per milliliter of medium for 72 hr showed a high increased rate of auto- 
phagocytosis and an increased number of secondary lysosomes containing 
an amorphous material with tiny electron dense particles corresponding 
to the ferritin of the labeled microspheres. In most lysosomea the electron 
dense particles were concentrated toward the periphery of the organelles 
(Figs. 7a and b). 

DISCUSSION 
As mentioned earlier, no signs of acute toxicity were detected when 

microparticles of acrylic polymers were used as carriers for enzymes in 
various experiments on mice and rats (1). When the distribution of such 
small particles was studied in mice (11) only a transient hepatospleno- 
megaly was noticed. The present work has, moreover, demonstrated that 
a large number of spheres must be administered in order to produce any 
pathological morphological alterations in the liver, spleen, and bone 
marrow, which constitute the tissues where the microparticles are lo- 
calized in oioo (11). The effects described in the present study are gen- 
erally obtained after treatment with doses corresponding to 160 mg of 
dried material per kg of body weight. Such a very large dose is necessary 
to produce the adverse reactions, which are important to know, since the 
microparticles are an attractive alternative as enzyme carriers for future 
human applications. 

I t  is important to stress that when dose levels of 40 mg/kg were used 
(corresponding to the administration of 1 mg of particles to the mice), 
only insignificant, hardly detectable morphological reactions could be 
seen in the liver, spleen, and bone marrow. 

The first general reaction in the liver tissue, detected by light micros- 
copy and transmission electron microscopy, on exposure to the high doses 
of microparticles, was the swelling of the mitochondria of the paren- 
chymal cells, which were eventually ruptured as part of cellular degen- 
eration. Necrosis of the tissues followed, and inflammatory cells migrated 
into the area, with a megaly as a consequence. The weight changes of the 
liver and spleen followed very closely the morphological changes seen with 
the light and electron microscopes and reached maxima at  the same time 
as the maximum of the tissue damage. Thus, the megaly was probably 
essentially due to the increased number of cells in the liver and spleen, 
and only to a minor extent a result of cellular edema. 

The reason for the initial hepatocellular degeneration is not obvious, 
and the interpretation of our results is hampered by the fact that the 
microparticles could not be seen directly with the electron microscope. 
The spherical form of the ferritin-loaded microparticles was confirmed 
by negative staining, and ferritin could be used as a marker in the in vitro 
experiments with cultured macrophages to trace the microparticles. 

In these studies it was quite evident that the microparticles had been 
taken up by the cells and introduced into the lysosomal vacuome, as seen 
both indirectly by the markedly increased number of lysosomes and their 
swelling, and directly by the localization of large amounts of electron 
dense material in the lysosomes (Fig. 7b), which was not seen in the 
control (Fig. 7a). Consequently, it  might be suggested that the degener- 
ative cellular alterations, e.g., the swelling and rupture of the mito- 
chondria, giving rise to the vacuolization of the liver parenchymal cells, 
are due to an altered function of the lysosomal apparatus. It was thus not 
possible to directly detect the particles in the hepatocytes in the tissue 
samples. The indirect evidence, however, suggests an uptake both in the 
Kupffer and the parenchymal cells. Most probably the small size of the 
particles allows their passage into the space of Diss6 through the existing 
gaps in the sinusoidal endothelium exposing the microparticles to the 
liver parenchymal cells which could bring about their endocytosis. 

The present work is only semiquantitative, in the sense that the toxic 
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(b) 
Figure 7 4 a )  Normal mouse peritoneal macrophage cultured in vitro. M P  denotes the microprecipitate to which the cells have attached. (b) 
Macrophage 72 hr after exposure to ferritin-labeled polyacrylamide microparticles (0.1 mglml of medium). Note the large number of lysosomes 
(L) containing microparticles with ferritin. 
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reactions seen in the mice are proportional to the doses given, and only 
detectable when the mice are exposed to very high doses exceeding 40 
mg/kg of body weight. Quantitative studies are not possible in uiuo, when 
the relationship between the number of particles taken up per cell cannot 
be satisfactorily controlled. For such studies, it is necessary to use suitable 
in uitro systems, e.g., cultured peritoneal macrophages, where the rela- 
tionship between the number of particles and cells can be carefully con- 
trolled. Such studies will be presented separately, showing when exposure 
of cultured macrophages to microspheres will lead to changed intracel- 
lular function and cellular degeneration. Subsequent in uiuo applications 
with acrylic microspheres must be based on such studies. 
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Abstract Poly-L-methionine sulfoxide is a water-soluble polymer 
containing the sulfoxide moiety. The preparation and radiolabeling of 
this polymer is described and its bioeffects are compared with those of 
dimethyl sulfoxide. Poly-L-methionine sulfoxide is similar to dimethyl 
sulfoxide in that it is a potent solubilizer of lipophilic compounds in water. 
Although the partition coefficient of poly-L-methionine sulfoxide in 1- 
octanol-water is only 20 times lower than that of dimethyl sulfoxide, it 
was found not to penetrate into intracellular spaces. In contrast to di- 
methyl sulfoxide, poly-L-methionine sulfoxide and L-methionine sulf- 
oxide were found to be ineffective in inducing differentiation in murine 
erythroleukemia cells and inhibiting differentiation of avian neural crest 
cells, suggesting that compounds effective in these processes must have 
the ability to penetrate into cells or membrane proteins. Overall lack of 
hioactivity of poly-L-methionine sulfoxide, combined with low toxicity 
(2 g/kg, iv, in the mouse with no effect), makes this compound a suitable 
inert solubilizer and carrier for lipophilic drugs. 

Keyphrases Dimethyl sulfoxide-poly-L-methionine sulfoxide, bi- 
ologically inert analogue with solubilizing potency 0 Poly-L-methionine 
sulfoxide-biologically inert analogue of dimethyl sulfoxide with solu- 
bilizing potency Solubilization potency-poly-L-sulfoxide, biologically 
inert analogue of dimethyl sulfoxide 

A majority of the applications of polymers in pharmacy 
are based on their mechanical properties and inertness. 
Also, polymers are able to form complexes with pharma- 
ceuticals; this property has been used relatively rarely, e.g., 
in decreasing the aggressive properties of iodine by com- 
plexation with povidone. Furthermore, polymers pos- 
sessing complexing power can be used, instead of organic 

,CHS 
O=\ 

CHa 
Dimethyl Sulfoxide 

Polymethionine Sulfoxide 

solvents, to dissolve nonpolar drugs in aqueous media and 
to promote sorption of pharmaceuticals. Dimethyl sulf- 
oxide (I), one of the solvents often used for this purpose (1, 
21, is relatively nontoxic to cells, yet easily penetrates 
cellular membranes and, in some cases, triggers very 
complex biological responses, e.g., ind,uction (3-8) and 
inhibition (9-12) of cellular differentiation. 

It may be advantageous, for both practical applications 
and for studies of the induction mechanism, to supress 
some of its bioeffects, i.e., to make a new selective agent 
by chemical modifications from a pluripotent compound. 
This may be possible by preparing a macromolecule that 
contains structural elements of dimethyl sulfoxide. A 
Table I-Solubility (Irg/ml) of Lipophilic Compounds in  
Phosphate-Buffered Isotonic Saline in the  Presence (5% ) or 
Absence of Polv-L-methionine Sulfoxide 

Saline and 
Poly-L-methionine 

Compound Saline Sulfoxide 

p-Ionone, C13H200 7.3 1400 

p-Carotene, C40Hs Nondetectable 6 

Vitamin Ds, C27H440 <0.18 138 

Retinol, C20H300 <4.6 12 

Lycopene, C40H56 Nondetectable 4 
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