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Abstract O The clearance of 141Ce-labeled polystyrene divinylbenzene
microspheres in the 3-12-um diameter size range following intravascular
administration was found to be size dependent, with the larger spheres
clearing the circulation most rapidly. With spheres of high specific ac-
tivity, dynamic distribution in various organs was determined by con-
tinuous whole-body scanning for the 1st hr after administration and by
static imaging at selected times thereafter up to 4 weeks. The 7- and
12-um spheres were filtered mechanically and retained for prolonged
periods in the lungs, while the 3- and 5-um spheres localized and were
retained in the liver and spleen. Localization of these smaller spheres
appeared to be due to phagocytosis by cells of the reticuloendothelial
system; with the 12-um spheres, there was no evidence of phagocytosis
by the pulmonary macrophages of the reticuloendothelial system within
4 weeks postadministration. Intraarterially administered larger micro-
spheres did not show any significantly different distribution patterns
from those administered intravenously. Histological examination re-
vealed occasional vascular engorgement about the site of multiple-sphere
lodgment, but no destructive tissue phenomenon was apparent in relation
to the lodgment of the microspheres.

Keyphrases 0 Microspheres—cerium 141 labeled, clearance from blood
and distribution in specific organs following intravenous and intraarterial
administration, dogs [ Clearance—141Ce-labeled microspheres, clearance
from blood following intravenous and intraarterial administration, dogs
O Distribution—!41Ce-labeled microspheres, distribution in specific
organs following intravenous and intraarterial administration, dogs

Particulate matter found in injectable fluids and drugs
has been a cause of concern to both the pharmaceutical
industry and the medical practitioner (1-9). Until recently,
most research efforts were directed at the amounts, origins,
and physical properties of the particulates in parenteral
drugs (10-15). Removal of these contaminants with final
filters significantly reduces the incidence of infusion
phlebitis, a local inflammatory process associated with
intravenous fluid administration (16-20). Although some
reports suggested that foreign particulates in parenteral
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fluids may be hazardous, relatively little is known about
distribution, relocation, and tissue effects of particulates
entering the vascular system.

The possible effects and fate of injected model partic-
ulate matter recently were evaluated methodically as a
function of the size and number administered intrave-
nously to beagle dogs (21, 22). Of the size ranges chosen for
these studies (microspheres of 3, 8, 15, and 25 um in di-
ameter), only the 3-um model particles appeared to clear
the lung capillary bed after an initial retention period and
eventually relocated in the liver and spleen where they
remained indefinitely. Although the studies yielded useful
information about the ultimate fate of the microspheres,
no definitive information concerning the dynamics of this
relocation was obtained.

Since the previous study showed that relocation was
limited to the smaller spheres, the purpose of this inves-
tigation was to obtain a clearer understanding of the time
dependency of the observed relocation of a narrower range
of microspheres injected intravenously and intraarterially.
Four microsphere sizes in the 3-12-um range were selected
and were of higher specific activity than the ones used
previously. Additionally, a more intensive histological
examination was conducted on specific tissues at various
intervals to assess the location of spheres, tissue loads, and
possible tissue damage.

EXPERIMENTAL

Microspheres—Polystyrene divinylbenzene microspheres! labeled
with cerium 141 were obtained as suspensions in normal saline. These

1 Nuclear Products Division, 3M Co., St. Paul, Minn.
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Figure 1—Scanning electron micrographs of polystyrene divinylbenzene microspheres labeled with cerium 141 at 20 kv (2400X magnification).

microspheres are shown in the scanning electron microscope photomi-
crographs in Fig. 1. The specific activity was ~50 mCi/g, five times higher
than that used previously (21) to allow for more frequent scanning as well
as blood level determinations using small blood samples. The size and
number of spheres were controlled using an electronic particle counter?
and microscopic® monitoring.

The permanency of the radioactive tag was checked by filtration of a
sample using a 0.45-um filter and monitoring of the filtrate for activity.
Additionally, urine and feces excreted from the first dog of each
sphere-size group were collected during the 1st day and analyzed for ra-
dioactivity. Analysis of the filtrate and excreta confirmed the permanency
of the radioactive tag.

Dose Preparation—Following ultrasonic treatment of the spheres
for at least 5 min as well as occasional agitation by hand, doses were drawn
into a syringe; the radioactivity was checked with a radioisotope cali-
brator4 prior to administration.

Preparation of Experimental Animals—The beagle dogs were
2-3-year-old purebred females weighing 8.1-12.5 kg. The dogs were
anesthetized with pentobarbital sodium at a dose of 30 mg/kg iv, and a
20-gauge needle equipped with a three-way stopcock was inserted into
the radial veins of the left and right forelegs for intravenous dosing and

2 Coulter counter model TAII, Coulter Electronics, Hialeah, Fla.
3 Zetopan Universal Research Microscope, Riechert, Austria,
4 Model CRC-6A, E. R. Squibb & Sons, East Brunswick, N.J.
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blood sampling, respectively. For intraarterial administration, a cannula
was threaded from the common carotid artery into the left ventricle. The
placement of the cannula was verified by demonstration of a left ven-
tricular pressure curve via a transducer-recorder hookup.

Each dog was restrained in a supine position on a hard board, placed
under a scintillation camera®, and positioned to align the chest and
abdomen for imaging. After completion of imaging, the dogs that had a
cannula inserted were given antibiotic prophylaxis with penicillin G
procaine at 400,000-1,000,000 units/day im for 1-3 days.

Dose Administration—The size and number of microspheres ad-
ministered to the beagle dogs are listed in Table 1. The prepared dose of
microspheres was administered directly from the syringe through the
stopcock over 2 min. The syringe and cannula were flushed with 20 ml
of sterile water for injection through the stopcock, completing the in-
jection.

Animals were sacrificed at 20 min, 1 hr, 24 hr, or 4 weeks after admin-
istration.

Mode of Tmaging—For whole-body scanning, the scintillation camera
was interfaced to a digital computer®. Immediately following dosing, serial
images of the chest and abdomen were recorded at the rate of 12
frames/min for the first 2 min followed by 2 frames/min for the next 58
min. Delayed static images were recorded at 2 and 24 hr and 1, 2, and 4

5 Pho/Gamma LFOV, Searle Radiographics, Des Plaines, IlI.
6 PDP-1140, Digital Equipment Corp., Maynard, Mass.



Table I —Size of Microspheres Administered and Dosage Range

Table II—Tissues for Histological Study

Sphere Dosage Range
Number Size, Radioactivity, Number of
of Dogs um uCi Spheres?, X 108
9 3.4+£0.7 244-838 253-890
8 5.4+ 0.5 505-806 73-101
5 74405 571-1192 46-93
5 11.6 £ 0.5 409-538 8.6-10

& Number of spheres illigram = (1.55 X 109)/D3, where D is the mean sphere

diameter in microns.
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o
]

weeks following microsphere administration. All data were stored on
magnetic tapes for review and analysis.

Determination of Distribution—Microsphere distributions were
determined externally by flagging individual organs using computer-
generated images and integrating the counts within each flagged area.

Specific intact organs, including the lungs, liver, spleen, heart, kidneys,
brain, and tongue, were removed following sacrifice and scanned indi-
vidually with the scintillation camera to quantitate the distribution at
specific times. Efficiency values with units of counts per minute per mi-
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Figure 2—Distribution patterns of microspheres obtained by rapid
frame sequential scanning during the first 60 min following adminis-
tration. Count rates were corrected for differences in administered ac-
tivity. Key: —, liver; - —, lung; and - - -, spleen.

Organ Specific Tissue
Heart Right ventricle, left ventricle
Lungs Right middle lobe, right lower lobe, left lower
obe, left upper lobe
Liver Right lobe, left lobe
Spleen Including capsule
Kidneys Right including capsule and pelvis, left including

capsule and pelvix

Bone marrow Squeezing of one rib for marrow sample

Brain Left cortex

Peripheral blood  Direct blood smear immediately after injection,
direct blood smear immediately before sacrifice,
buffy coat immediately after injection, buffy
coat immediately before sacrifice

Tongue

crocurie were determined for each organ by adding a known amount of
radioactivity to a plastic bag filled with an amount of water equivalent
to the mass of the organ. The bag was shaped to simulate the shape of the
organ and scanned in the same geometry as the excised organ.

Following the intact organ scanning, small specimens were removed
from each organ for histological examination, and the remainder of the
organ then was homogenized with a known amount of distilled water in
a blender”. A 5-ml rubber-top container® was 70% filled with an aliquot
of the homogenized sample and weighed. One to five samples were pre-
pared for each organ and analyzed using a well-type y-counter®. The
counter efficiency was determined beforehand utilizing a known amount
of radioactivity.

Blood Level Determination—Approximately 1-2 ml of venous blood
was removed immediately after dose administration and at frequent
intervals during the initial stage of each run. T'otal emissions of a weighed
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Figure 3—Relative retention and average time dependence of micro-
spheres in beagle dog lungs obtained by external scanning following
intravenous administration based on a 500-uCi dose. Key: O, 3-um
spheres; a, 5-um spheres; D, 7-um spheres; and O, 12-um spheres.
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Figure 4—Relative retention and average time dependence of micro-
spheres in beagle dog liver obtained by external imaging following in-
travenous administration based on a 500-uCi dose. Key: O, 3-um
spheres; A, 5-um.spheres; and Q, 7-um spheres.

7 Waring model 5011.
8 Vacutainer.
9 Mode! 4 spectroscaler, Picker Nuclear Corp., Northford, Conn.
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Table III—Quantitative Recovery of Radioactivity (Percent) in Individually Scanned Intact Organs following Intraveno.us (IV) and

Intraarterial (IA) Administration

J-um Spheres 5-um Spheres 7-um Spheres 12-um Spheres
Organ I\Y v IA v 1A v 1A
Sacrificed 20 min after Administration
Heart 0 0.1 0.6
Lungs 23.7 22.7 494
Liver 54.6 49.2 7.8
Spleen 14.3 9.3 1.6
Kidneys 0 1.9 0.6
Brain 0 0.1 0.1
Total recovery 92.6 83.3 60.1
Sacrificed 1 hr after Administration
Heart .3 0.3 0.9 0.
Lungs 1 9.4 47.6 43.0
Liver .1 69.7 21.9 25.9
Spleen 2 7.0 4.7 4.3
Kidneys .2 1.7 0.6 1.5
Brain 1 0.1 0.1 0.4
Total recovery .0 88.2 75.8 76.0
Sacrificed 24 hr after Administration
Heart 0 2.6¢ 0.6 0.7 1.0 0.6 0 0
Lungs 14 4.2 14.3 2.0 55.7 26.2 98.3 51.6
Liver 0.5 72.7 55.4 60.6 7.0 32.1 0.1 0
Spleen 74 8.3 5.0 6.8 0.9 3.1 0 0
Kidneys 0 0.3 0.1 0.2 0.2 14 0 0
Brain 0 0.4 0 0.2 0 0.7 0 6.9
Tongue 0.1 0.8
Total recovery 9.3 88.5 75.4 70.5 64.8 64.1 98.5 59.3
Sacrificed 4 Weeks after Administration
Heart 0 0.1 0.4 0.8 5.7 0 0.5
Lungs 5.0 1.1 0.6 36.9 10.3 106.4 56.4
Liver 69.2 74.8 81.4 28.3 27.7 0 0.6
Spleen 13.6 8.4 8.3 1.6 2.3 0 0.6
Kidneys 0 0 0.2 0.1 0.2 0 0.6
Brain 0 0 0.3 0.1 0.1 0 2.2
Tongue 3.1
Total recovery 87.8 84.4 91.2 67.8 46.3 106.4 64.0
¢ Obtained at 14 hr.
blood sample were counted by a well-type y-counter for 10 min. with hematoxylin and eosin. Slide preparations 5-14 um thick were
Histological Evaluation—Specific tissue specimens, ~10 X 20 X 3 prepared, depending on the size of the microspheres. Direcg blood smears
mm, were cut from the organs listed in Table II. The tissues were pro- and buffy coat smears were prepared with blood samples obtained im-
cessed through formaldehyde fixation, paraffin embedding, and staining mediately after dose administration and immediately before sacrifice.

Table IV—Quantitative Recovery of Radioactivity (Percent) in Homogenized Organs following Intravenous (IV) and Intraarterial

(IA) Administration

3-um Spheres 5-um Spheres 7-um Spheres 12-um Spheres
Organ v 1AY 1A 1AY 1A v IA
Sacrificed 20 min after Administration
Heart 0.3 0.1 .
Lungs 15.9 19.3 425
Liver 41.6 38.0 8.6
Spleen 10.8 6.6 1.4
Kidneys 0.1 1.5 0.6
Total recovery 68.7 65.5 53.6
Sacrificed 1 hr after Administration
Heart 0.2 0.2 . .
Lungs 15.5 9.5 32.9 28.9
Liver 49.0 61.6 23.0 19.8
Spleen 7.3 7.1 3.7 29
Kidneys 0.1 0.6 0.6 1.1
Total recovery 72.1 79.0 60.9 53.1
Sacrificed 24 hr after Administration
Heart 0.1 1.8¢ 0.6 . 0.9 0.4 0 0
Lungs 1.2 3.5 12.4 1.6 42.8 15.9 58.5 376
Liver 62.5 52.9 50.9 54.8 6.5 28.8 0 0
Spleen 6.0 5.4 4.9 6.7 0.8 2.6 0.1 0
Kidneys V] 0.2 0.1 0.2 0.3 1.1 0 0
Total recovery 69.8 63.8 68.9 63.8 51.3 48.8 58.6 37.6
Sacrificed 4 Weeks after Administration
Heart 0 0.1 01 0.6 5.2 0 0
Lungs 4.4 0.9 0.2 26.3 8.1 75.7 54.0
Liver 52.1 68.0 79.5 20.1 34.9 0 0
Spleen 10.5 7.4 7.3 1.5 1.9 0 0
Kidneys 0 0.6 0 0.1 0.1 0 0
Total recovery 67.0 77.0 87.1 48.6 50.2 75.7 54.0

@ Obtained at 14 hr.
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Figure 5—Relative retention and average time dependence of micro-
spheres in beagle dog lungs obtained by external scanning following
intraarterial administration based on a 500-uCi dose. Key: O, 3-um

spheres; A, 5-um spheres; Q, 7-um spheres; and O, 12-um spheres.

RESULTS

Distribution Patterns—Whole-body scanning showed that almost
all of the radioactivity was localized in the central region, with especially
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Figure 6—Relative retention and average time dependence of micro-
spheres in beagle dog liver obtained by external scanning following in-
traarterial administration based on a 500-uCi dose. Key: O, 3-um
spheres; A, 5-um spheres; and O, 7-um spheres.
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high concentrations in the lungs, liver, and spleen. A set of typical tem-
poral distribution curves for these three organs obtained from rapid frame
sequential scanning for the first 60 min is shown in Fig. 2. Although the
curves were corrected for differences in administered activity, due to the
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Figure 7—Quantitative recovery of microspheres in individually scanned intact organs. Key: A, A, liver; ®, O, lungs; and W, D, spleen; closed
symbols represent intravenous administration, and open symbols represent intraarterial administration.
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Figure 8—Ratio of the number of spheres per gram of blood to that
administered as a function of time. Key: ®, O, 3-um spheres; A, A,5-um
spheres; B, Q, 7-um spheres; and @, O, 12-um spheres; closed figures
and solid lines represent intravenous administration, and open figures
and broken lines represent intraarterial administration.

difficulty in isolating entire organ profiles resulting from organ overlap,
only relative counts and not absolute uptake values are shown. However,
the curves demonstrate the general distribution over the first 60 min.

No clearcut difference in distribution patterns was observed between
intravenous and intraarterial administration of microspheres. With the
3-um microspheres injected in nine dogs, there was an initial distribution
to the lungs followed by rapid clearance from the lungs and localization
in the liver and spleen. Six of eight dogs injected with 5-um spheres ex-
hibited similar lung patterns. With the 7-um microspheres, retention in
the lungs was greater and clearance was more gradual in all five dogs in-
jected. On the other hand, all of the 12-um microspheres were retained
in the lungs.

Following the dynamic imaging for the initial 60 min, static images were
recorded from the live animal at 2 and 24 hr and 1, 2, and 4 weeks after
dose administration. The relative retention curves for the lungs and liver
following either intravenous or intraarterial administration obtained by
such external imaging are shown in Figs. 3-6. The 12-um microspheres
distributed only to the lungs regardliess of the administration route and
were retained in the lung area even at 4 weeks after administration.

Quantitative Determination of Distribution—Following sacrifice,
specific organs including the lungs, liver, spleen, heart, kidneys, brain,
and tongue were removed and scanned by the scintillation camera. The
results are listed in Table I1I and plotted in Fig. 7. The analyzed data of
uniformly homogenized organs are listed in Table IV.

The 3-um spheres were cleared from the lungs and localized in the liver
much more readily than the 5-um spheres. Within 24 hr, >95% of the 3-
and 5-um spheres appeared to have passed from the lungs of all dogs

760 / Journal of Pharmaceutical Sciences
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except one of the 5-um group, where 12-14% of the microsphere dose was
retained in the lungs. Clearance of the 7-um spheres from the lungs fol-
lowing intravenous administration was much slower than that with the
smaller sizes. After 24 hr, over 43% of the dose was still in the lungs and
only 7% had localized in the liver. However, after 4 weeks, only 26-37%
of the microspheres administered intravenously remained in the lungs,
and the level in the liver increased to 20-28%. The 12-um spheres were
not detected outside of the lungs after 24 hr following intravenous ad-
ministration in dogs that were followed for up to 4 weeks.

There were no significant differences in distribution of the 3- and 5-um
spheres between intravenous and intraarterial administration, but some
differences were observed with larger spheres. The 12-um spheres ad-
ministered intraarterially were retained in the lungs for at least 4 weeks.
A major difference between the intravenous and intraarterial adminis-
tration with the 12-um size was that some spheres were detected in the
brain and tongue after intraarterial administration.

The results obtained from the two quantitative recovery methods were
reasonably close to each other. Therefore, the quantitative determination
by imaging the intact organs was chosen as being easier and quicker than
the homogenized method.

Blood Levels—Figure 8 shows the typical blood levels of the micro-
spheres over a 2-hr period following intravenous or intraarterial ad-
ministration. Elimination of spheres from the circulating blood pool
appeared to be size dependent and more rapid with larger sizes. The blood
levels of 12-um spheres were essentially the same as background levels
within 2 hr after administration, while the 3-um spheres recirculated
longer and maintained higher blood levels than did the larger sizes. The
number of spheres administered within the size and volume ranges tested
appeared to have no effect on the elimination rate from the blood.

Most curves in Fig. 8 show an increase in blood activity between 10 and
30 min after administration. This phenomenon is not explained easily,
and more frequent blood sampling is required to define this portion of
the curves.

Histology Data—A histological study of representative tissue samples

- from multiple organs was undertaken (Table II). Identification of mi-

crospheres was facilitated by examination under green and red filtered
light. Under these conditions (Fig. 9), the microspheres appear as dense
black spheres of smooth regular outline. Therefore, the spheres may be
distinguished from cell nuclei, even when samples containing smaller
spheres of approximately the same diameter as cell nuclei are evalu-
ated.

Individual 3- and 5-um microspheres were found consistently in vas-
cular channels, Kupffer cells, and the sinusoids of the liver, spleen, and
bone marrow within phagocytizing cells. The cells were vascular endo-
thelium, monocytoid phagocytes, or cells of the reticuloendothelial sys-
tem. There was moderate engorgement of the sinusoids, which were
slightly distended and congested. No multinucleated giant cells appeared
to participate in the phagocytic activity.

Larger microspheres and clusters of smaller spheres generally lay free
in vascular and sinusoidal channels. A few 7-um microspheres were
phagocytized, but these microspheres represented <10% of the total tissue
loads. Figure 9¢ shows three single spheres within slightly distended
Kupffer cells. The histology of the liver is inconspicuous except for mild-
congestion. Figure 9d shows a single 12-um sphere lodged in the pul-
monary capillary, and slight engorgement of pulmonary vasculature is
evident. The buffy coat smears were all negative, with two exceptions:

_, one dog administered 3-um spheres and one administered 5-um spheres

showed one and two spheres, respectively, in their buffy coats obtained
immediately after injection. While this finding attests to the validity of
the procedure, it does not provide information on the subsequent dis-
tribution characteristics.

Although occasional vascular engorgement was present around the site
of multiple-sphere lodgment and may represent a local hemodynamic
response to partial blockage of the vascular channels, destructive tissue
phenomena were not seen in relation to the lodgment of the micro-
spheres.

DISCUSSION

These studies confirm that clearance of microspheres from the blood
following intravascular injection is size dependent, with the larger di-
ameter spheres clearing most rapidly (Fig. 8). The initial clearance ap-
pears to be due to a simple filter effect of the pulmonary capillary beds,
although vascular constriction and venous sphincters may play some role
in the trapping process. Spheres of 7-um diameter and larger initially
were retained in the lungs, while large numbers of the 3- and 5-um spheres



¢, DOG 11, LIVER, 7.4 um

d, DOG 23, LUNG, 11.6 um

Figure 9—Photomicrographs of tissue samples. Key: a, 3-um spheres in liver; b, 5-um spheres in liver; ¢, 7-um spheres in liver; and d, 12-um spheres

in lungs. Obtained with hematoxylin and eosin stain (160X).

Figure 10—Scanning electron photomicrograph of 3-um microspheres
from a venous blood sample 1 hr following administration at 20 kv
(5000% magnification).

passed through, implying a critical circulation diameter for nondefor-
mable particles reaching the pulmonary vascular bed.

The increase in blood activity seen between 10 and 30 min following
administration of the spheres may be due to washout within the lungs
so that spheres initially trapped are washed through opening arteriove-
nous shunts to recirculate in the bloodstream (Fig. 8). Although 98-99%
of the spheres were cleared from the circulation in 10-30 min, blood
sampling over the first 2 hr following administration revealed concen-
trations of 10* 3-um spheres, 100-1000 5-um spheres, 10-100 7-um
spheres, and less than one 12-um sphere/g of blood. The possible asso-
ciation of the spheres with circulating blood cells warrants further at-
tention and will be undertaken with more sophisticated scanning electron
microscopic procedures.

Distribution patterns varied with the sphere size studied and became
complex over time. With the 3-um spheres and in six of eight dogs with
the 5-um spheres, there was initial distribution to the lungs followed by
rapid clearance, with localization and retention in the liver and spleen
peaking within 20 min of administration for the 3-um spheres and within
24 hr for the 5-um spheres (Tables III and IV). This retention is explained
by the histological observation of phagocytosis of the 3- and 5-um spheres
by the Kupffer cells of the liver and the sinusoidal lining of the spleen
(23, 24).

Clearance of the 7-um spheres from the lungs to the liver and spleen
occurred much more slowly, with 26-37% remaining in the lungs at 4
weeks. This slow migration may be due to retention in the lungs with
phagocytosis by pulmonary macrophages and subsequent migration to
the reticuloendothelial system. The 12-um spheres were retained in the
lungs from the initial injection throughout the study. Failure of the 12-xm
spheres to undergo phagocytosis and relocation may indicate a size limit
for phagocytosis of inert particles (25).

No clearcut differences in the clearance or distribution of the 3- and
5-um spheres were observed between intraarterial and intravenous ad-
ministration (Fig. 8 and Tables III and IV). For reasons that are not clear,
these spheres either passed through or did not enter muscular or visceral
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beds following intraarterial administration and recirculated as if they
had been injected into the venous system. Minimal differences were seen
between intravenous and intraarterial administration of the larger
spheres, but 12-um spheres were detected in the brain and tongue fol-
lowing intraarterial administration. These observations were contrary
to expectations and suggest that the flow characteristics of the spheres
are such that distribution to peripheral and visceral capillary beds is
limited.

In many cases, the 3-um spheres were seen microscopically to lodge
in the studied tissues as agglomerated masses of three to 10 spheres. This
property was observed less frequently with the 5-um spheres and not at
all with the 7- and 12-um spheres. The light microscopy observations did
not indicate any significant damage of cells containing the spheres at the
substructural or functional levels. Progress in answering these questions
will depend on enzyme biochemistry and electron microscopy studies.

Figure 10 shows a cluster of 3-um microspheres from a venous blood
sample obtained 1 hr after administration. Although further investigation
is required to clarify this clustering phenomenon, the microspheres may
become coated with blood proteins with sticky characteristics and may
adsorb platelets on their surface (26-28)10, Clustering by surface to sur-
face protein adhesion would be facilitated by slow flow through the
capillary and sinusoidal beds and by the high surface to mass ratio of the
smaller spheres. Contact among larger spheres may be limited by the
diameter of the vascular channels, while the smaller surface to mass ratio
may limit the mutual adherence potential exhibited by the 3- and 5-um
spheres.

CONCLUSIONS

1. Elimination of microspheres from the circulation following intra-
vascular administration is size dependent, with the larger diameter
spheres clearing most rapidly.

2. Mechanical filtration and prolonged retention of 7-um and larger
spheres in the lungs imply a critical size for passage through the pulmo-
nary vascular bed.

3. Retention of small microspheres (3 and 5 um) in the liver and spleen
for prolonged periods appears to be due to phagecytosis of the spheres
by cells of the reticuloendothelial system.

4. Small microspheres (3 um) tend to agglomerate when administered
intravascularly, presumably due to protein adherence and a large surface
to mass ratio.

5. Intraarterially administered larger microspheres do not distribute
to peripheral and visceral beds differently from the intravenous admin-
istration, presumably because of flow characteristics inhibiting peripheral
distribution.

6. Large microspheres (12 um) are not phagocytized by pulmonary
macrophages or the reticuloendothelial system within 4 weeks of intra-
vascular administration as are smaller sphere sizes, implying a size limit
for phagocytosis of inert particles.
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